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Abstract

The distinctive strengths of the KOBELCO Group lie in its diverse technological and business assets
accumulated through engaging in various businesses. Additionally, the group possesses interactions and
touchpoints with customers in diverse fields of demand, enabling the group to understand industry trends and
customer needs. KOBELCO'’s concept of digital transformation (DX) involves combining digital technology and
data with these unique assets to solve societal challenges and create new value. This article introduces the

FEATURE : Digital Transformation to Embody KOBELCQ’s Unique Value

concept of and approach taken by KOBELCO'’s DX.

BRERAX -7 —-F

DX, YN bT YR TH—X— 3y, KOBELCOS L%, EBMHR, ¥EB70LALE, 7—5ifH, DX AMEK

F AP E =RFHEEE DS 20184 I2FIT SN DX L
K=Y 281, BAENTEDX (FYFLVEF VA
Tr—A—=ay) NOPLBPEHFTY, BNV —TT
1Z[KOBELCO 7" )V — 7" Hr 6% 511 (2021~ 2023472 |
IZBWT, YNV —TOREEIED—D L L TDXIZ
WYz e 2 nFELRY,
RRERAICLDDXDERIL, [FT—FETV %V
FMiziEH LT, EYVRARBEOZICHIEL, BRIk
RHEDO=Z A2 WA —E X, EIRRET
VDR, EHRHMME, Tut R, ¥t - Eto
BHET, BFNEEDLI L] THIHN, HEEIC
BOTITHMOREWKICEbETHNR AT -T2 %
ELT, TNEFNUVNFEDDH S DX ORI A THILT
Wb,

ARfgTix, KOBELCO2% %2 % DX & DR EHC
DWTIhR5,

1. KOBELCO 5 L ‘DX

MV — T, SN —TREMSHEOLT AT T
YT 4L, REMEOm EIZHR) A TY
Bo WAV —TDODX E1E, ZOREITENIIR S 728
HEETH Y, V- T E¥EHET [KOBELCO 233
HL2wERE] L LTHIFTnS [24 - ZLTEPR

HOLOWT, LRROANLDPERHLETZOHN5
R %, FYFVHEMCT =7 ZBRMELTEIHLTY
{ZETHbo

%72, KOBELCO 5 LWDX &%, 7V — 734
T [KOBELCO Offify-fFfE s ] & L THIF T 5 [
PEEHM &2 GH LAV, oo Padbil) 5 |
Tk, FTUINMEMR T #BREL TEHL TS
ZETHb, 22T [MEAMEHEA] 1%, &7 v
I, B, BEIOLLEMREE, BW, oY=
T YT, BB S R HREMCRFE, ZLCEDH
LWL LHEELZHOI L TERLTE LML
L ED DEHE HWNEE - EVAREHE) Bdb, X
5121, EHAETHICBVTHARBEREDMDbY R
BREATHELLI, HEROFHRBEK=— A1
EORFHICKHLTCOT7T vy FFE2A LTS, ZOFFED
DG L AR BERO = — A2 F I VLT — 5t 5
LWL IV — TR TCIEHTE 5 L9129 5, €0
Yy Zr 75— %Al 2T oiss2 e cli—%H
ETRIBR LEL»o724 A4 (%) %2155, £
DA A b oEE SN Gl % Uit ofF R
H A ERITEDE, FUSNVHEMOBHIZL L V)
12— a YCEHL, ’—FRr=a2— b7V @A0
AR EOBRMRRHZOPEL RIS 52 05, 4t

*UIT A B

RsD #7845 /Vol. 73 No. 1 (Aug. 2024) 3



7 Vv—7FDHIETKOBELCOH LWDXThHh %,

2. DXDOEHEA &

KOBELCO & L\WDXDEB D=0, PEMKZT—
F=v 705, B1IZRTSTEP 1~3D=20H )M
AL CHEET L 2 DXORHLF# & LTw
5o
2.1 STEP1 [BEHNA,-OBEREEHE T2 2)Ut"]

STEP1 X, —#&micix “FYys4¥—-var" ¢35
bNLFIRT, HEBEEPMYMD 2 X 512 [FEENY
WOFIEREKG “TYIME ] LBV THELT
Wb, TNEFTHTEREIN TV T—F7 257V 7 1L
LTIHHFHTESL L9195, HH0IEINFEFTAFTIT
STEMEER TV Y IVY — Va2 HWTHEML - #hE14L
FTHMYMATH %,

BAKIIZIE, BEEE— AUV E D 2'H S, RPA (Robotic
Process Automation, SIEWELO HEML) R/ —3—
F-o—a—FREY—V (Furs vy rsSiEziv
w3y A APBEE), BIY — v (Business Intelligence
Tool, 7—% OWHAL), BTEHY -V elDTTs
Ny =Lz, EBERILEEBTLHIETH D,

STEP1 O Y M AIZEBRFILICER T LD TH
D, STEP2TT — ZIHHREFZATIN—RAIZ R DHD
THbo
2.2 STEP2 [*FY #I{t” #E# & L /- KOBELCO

DEE]

STEP2ix, —f#&micix "7y 54 €—-var" L3
bNLFIRT, 7Y 7 L” %L L72KOBELCO
OEF| LEVRZTHEEL VD, ¥EHEL TV 5L
(Y27 24k) LT, ¥B70 20 LHAS THET
T—=F TORSIETEBNFLLKL L L BT, T—
Y Z R L ARl BB FIRA MR LT,
SR WO B LA K5 & & TRIFZEHRFE
be@ & oMbz ERT2¥EE 70 ALF 21T W
DHMATH 5,

T2, FUINMELT— 7 2AEM L CTOTHAL -
G AHIET, AL EERENTES, SHITIETA
MO TEREALZ RW#H72 %A VA4 NI EE
BEBUENTELLIICTIMOMATLD 5,

7= QWAL - S OBMABIE LTI, MRS

STEP3
Leverage DX to create KOBELCO'’s unique value

STEP2

BWTRAETAMECET L E y /7 — % LS %
bz LT, MEREOREZEDY, HERMA -
FEBRAA 720 TR HEE L M RRC A 2 B L 720 55
XTIVTNA A T73<T4 27 A (M) BHiFoh
5%,

F7-, R TIE, TR ARERMOIRK % 0T
(Internet of Things, £/ D4 ¥ % —% v b) HHTF
VIMELTHEML, ZhITOHRE 71T DM
Yy 75— Z RN ORIW & LA G b Db T — & BRI o
DI DNELEFEREDTWD (K [EHF— 55
Hr 3L DataLab® ORESE L 1GH | p15~162MH),

2.3 STEP3 [DXIc&% “KOBELCOS L &” MEX]

STEP3 i3 1 # T~ 72 KOBELCO & L \»DX % 9Bl
FT5HZETHY, STEPL, 2 DHEHEIZ X o THEAMB L7
)V =2 (i) SRHEEHINLEE (F—%) &if
LT, [DXI2X % “KOBELCOS L &" oiik] %
179 2 LT, HARWEDML, #i-LMEREIC> %2
LMY HATH %,

BARBIE LCld, BEREROAFAL L W) HE&TRE
R LT, BB OERIRIE AT ALREBT—5 %
JAW BRSO L ARV =5 D & A %25
WL, AFAERZENmEREZ2IZ LD L2 ERH
BoOMEZRYT 5 [K- DIVE" (2~ o @#HorE
) | - ARBITFONLY,

F 7252 B 5 HBI (Hot Briquette Iron) %1
AIZ X 5 CO NI A FIT 5, AL X 2 BBy AAHa >
A7 5 TAIRFY] 2L, bV OBHTH H—F
YZa— b I VHEEOEBICHBNICEIRL TV 5,

3. DX%XAHERER

STEP1~3 O A% M S 57201213, 7E¥EE
— NOE ) DSFT D FIVEHAR T — & % SR L TE I
DHMATHL BEDRDH Y, ZOEFEEED - Ik - &
b3 572007 (LLF, DXOHEtES) % attakco
LTV RITNIER S v,

DX DHEAENZ, [FIV ¥ VEHPTFT— 2 DiHHEB &
OB AHAET 2 M, [EEHORGLRLTI IV
V=R T= P LR T WEE ], [fEEHO~ A ~
Ftv b EHERSLEH R - BET 1] =20
BRI TE, ThH5E&THMETAI LT, DXO

Drive the transformation of KOBELCO

through digitalization
STEP1

Promote aggressive and bold digitization

1 DX UG $t

Fig.1 Promotion policy for Digital Transformation

4 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 73 No. 1 (Aug. 2024)



Hee SIS SN2 L2 B L E R B

COZEOORFEREFNEN [DXAMER] [7—7%
AR ES] [DXICH ) M)l Lol ] & LT
YA TS,

3.1 DXAMEBERK

HZHMTTIINEEH L EHEUELEE L) —F
T5 ITZANYYx2Y AN OFRE, 7Y ML
Lo TER S N7 — ¥ ZHETEN T LR T8 2 F
W R B 7 e A ORI 2T “F— Y T
YT A4 RN OFRICHYHA TS,

BH L 72 AMHYH & DEF O THEFEIIZ DXIZHLD
HMATHS ZEDPEETHY, TIVFINVY—VOEFR
a3 2 =7 4GB OEEIL R, HEZ#tR O R b 1T
S>TWhb,

3.2 F—AERREOESMR

RS OZEAIKT L CTEE 7 0 & Ao Fikic
WHIRTEL LI, FLEFETILATRATLT—F
EERMLCHMCFEHTE S X H1C, BFLLAZY A
T L DTSR ICHY ATV S,

S5, HA TGN LG BEARITA L 724
W GOBE T — & 2 WET 2 7201 ToT Bl 2 EA
L, WELTF—%%257 FCTERL, LENET—
FHRY = VTN hE vz, HiLwrry / ay—
RV T Y ARG OBREEM A HAEL TV D (RS
[4ott 57— & 53 M 3:8% DataLab® O & iG] p13~15
Z),

3.3 DXICHHMEELEDERE

WEH-ANDE YR FT V& VHEHMRT— 7 O % H
GTEELTIRZT, HORBICEEICT TrD)
L, iLwZeicFx Ly I LT AL 2R L T
SBERDHY, HER—-ANVE ) OITHORATERIC L
DEHLTVLHDTH 5,

INFETIE, AV b 748y PRHNAXRY M2HEL7
T RE 0 345 % U B T O BERIZHL Y #LA T & 72795,
ER AR R = /AN

L3, DXICHTAYFI Yo~ v Rty
N O EOBE LR, WREEDD - MR b LW
o P2 EEERIEORESE 2 WY A TW LGN TH %,

LIV =A% TIE, KOBELCOZ ¥ 2 % DX & ZDHH
Ji4HZ DV Tk ~R72, STEPLIZDX ##EDORFHEE LT
CTdh Y, STEP2®KOBELCO ®Z %% 5 LT STEP3
REBTAZENHETETH S,

COWMYMAIL, S, BEHSTHAMIN TV LHT
W E 5 TR LT b [KOBELCO & L W28 3 ~
KOBELCO-X~] 12X o TM#E STV 2L ELTH
», TKOBELCO-X| & KOBELCO»'#% 2 5DX & D
FRICOWTEILTH L,

[KOBELCO-X] oo [BX : ¥HE% | [CXP: B
B INA R ] TEX : AMFng - fe 3 BARERIA L [FX:
OO EE - THER] OREEE, 795 Vi
EF—Z OFNEIC X > THEB -k - mElLys e
7%, [STEP2: “7 ¥ # ML” % #iil & L 72 KOBELCO
DERE] ThHb,

F72, FEBRMOWETH D [AX : WH X 0]
[GX: V=V NG VAT —A—=av] &, FIV%
VB E F =7 OFEHICE > TEIHT B2 L5,
[STEP3 : DX 2 X % “KOBELCO 5 L %" oik] T
H5bo

CNLOMYMAZRBICHEET 2 Z LT,
[KOBELCODSFEH L7zwvgK | 2z, TKOBELCO
Offify - FAEER] 2R T L) RSO RIS
HLLTWw< o

2 Z X ®

1) FFEEEE DXVR—bF ~ITY A7 4 [20254E D & | mlk &
DXDAKEN 72 BBl ~. https://www.meti.go.jp/shingikai/mono_
info_service/digital_transformation/20180907_report.html,
(B 2024-3-15)

2)  #EEIT. KOBELCOZ )V — 7 i s 3t (2021 ~20234E ).
https://www.kobelco.co.jp/releases/1209072_15541.html,
(&1 2024-3-15)

3)  AHIE—132. R&DATHEHIFIR. 2023, Vol.72, No.1, p.91-96.

4)  a~v ik K-DIVE®
https://www.kobelco-kenki.co.jp/dx/kdive html?221205,
(B 2024-3-15)

5)  HESGETL. LAY ) — R, 20204E9 1.
https://www.kobelco.co.jp/releases/1205231_15541.html,
(B 2024-3-15)

RsD #7845 /Vol. 73 No. 1 (Aug. 2024) 5



W55 1 DX THETKOBELCOSLE

(fiE350)

FER DX DE)E & P REMFT N\ DEAF

BE B axwn

Trends in Industrial Digital Transformation (DX) and Expectations for
Kobe Steel, Ltd.

Dr. Takashi WASHIO
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Abstract

Amid the acceleration of industrial, governmental, and societal digital transformation (DX), Kobe Steel is
activating the use of DX technologies on the basis of its “KOBELCO DX Strategy” formulation. This paper first
confirms Kobe Steel’s situation and stance regarding DX. Then it points out the need for Kobe Steel to convert
its main business to providing business solutions to incorporate itself into the economic and social system and
develop further, considering global environmental issues and the situation of the manufacturing industry in
advanced countries. Also provided is an overview of the rapidly evolving trends in DX technology, particularly
emphasizing the importance of utilizing conventional Al and generative Al in business solutions. Finally, the
paper discusses the possibilities, challenges, and expectations regarding the construction of business solutions

FEATURE : Digital Transformation to Embody KOBELCO’s Unique Value

utilizing DX technologies, which will serve as the foundation for Kobe Steel's development.
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Promoting EUC Using Digital Tools to Contribute to Operational Efficiency
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Abstract

The long-term decline in the workforce has caused further demand for increased operational efficiency. In
response, Kobe Steel is implementing end-user computing (EUC), in which all employees, who are end users,
can master digital tools as part of “work style DX.” The aim is to use the initiative of individuals to promote
business transformation. This paper presents the work covered by EUC in Kobe Steel’s initiatives, the initiative
policy, as well as the KPI, and explains the challenges faced in the initiative, countermeasures, methods for
measuring effectiveness, and the results of the countermeasures, as well as how to promote EUC. It is shown
that the promotion of EUC not only improves work efficiency, but also has the potential to trigger a culture of

FEATURE : Digital Transformation to Embody KOBELCQ’s Unique Value

autonomous change.
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Table 1 Cumulative values of business efficiency improvement
effect due to digital tools]

(Hours)
End of FY2021 End of FY2022 End of FY2023
Database creation and 6,426 93,972 135,938
workflow digitalization of
business data
Improvement of 40,300 40,600 45,991
transcription efficiency
(ex:RPA)
Visualization through 0 0 13,904
dashboards(ex:Bl tool)
Other digital tool 30,000 52,442 63,964
(communication tool,
translation tool)
Sum 76,726 187,014 259,797
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Building and Utilizing Company-wide Data Analytics Platform, DataLab”

Kazuo MINAMI + Masanobu FUJIHIRA - Taketsugu OSAKA

BE
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ARL Tz, RBEICHIGT 2720, 7— 5 50 HdE Datalab” 2 5L L 72, S oEME, KT — 5 0%
IS - I AWREIC L, Sl 5H Yy — L & i LTl LWiig 2§23 % . DataLab” ® HIgIE, 7—% 00—
TEH, FRAEA Y T7ITANTIF Y, BELRONRN, et Fa) T4, -T2 P - EREE
REH, RUETHIETHD. AT, PRBITE & RSB OFH A LT, DataLab” OHUY MAE AT 2.

Abstract

The utilization of data is becoming increasingly important in the art of manufacturing. Kobe Steel is an early
adopter of IoT and big data, which has contributed to product development and service improvement, but
lacked a unified platform for efficiently utilizing data across the company. To meet this challenge, a data
analysis platform, DataLab®, has been established. This platform enables efficient collection and analysis of large
amounts of data and leverages advanced analytical tools to provide new insights. The purpose of DataLab” is
to provide centralized data management, flexible infrastructure, advanced analytical capabilities, strict security,
and user-friendly operability. This paper introduces the DatalLab” initiative through material development and

equipment diagnosis examples.
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Establishment of Condition Monitoring and Predictive Anomaly Detection
System in No.2 Bloom Mill at Kakogawa Works

Takashi HAGIWARA - Yoshitaka INOUE - Kazuhiro MORII + Hisafumi UNO - Tsutomu ANDO
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Abstract

To ensure the stable operation of the No.2 Bloom Mill at the Kakogawa Works, a data acquisition apparatus
has been introduced to develop a system for detecting signs of equipment abnormalities. To accurately capture
the signs of abnormalities in the No.2 Bloom Mill, where diverse operating conditions and patterns exist, a
method has been adopted that enhances the versatility of models by extracting, learning, and analyzing data at
suitable intervals for evaluation. This has led to the development of a system, Mode Oriented Novel Anomaly
Detector (MONAD), which enables the steps from data preprocessing to model creation without the need
for programming. Standardization of the flow from the model creation to maintenance work using MONAD
has enabled the set-up of a system that can be operated by technicians and operators without expertise in
machine learning. Efforts to improve the accuracy of the model are being made through its operation at the

FEATURE : Digital Transformation to Embody KOBELCQ’s Unique Value

manufacturing sites.
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Integrated Management of Machining Factory Using loT Platform

Shinsuke ASAI + Kazuki KITA « Hideo IKEDA

BE

L ERAEEOM L IHIZEWT, — AOTEEZ DB T2 553 2Kl 2 B A T 7205 ek
DNARAE L72E R E TR IR LRI (R S T EPRERIRRICH B, 20 X9 ZHBUEIZH LT
LoTHMZEH LT, TERMOREZILE T LI0T 77 v b7+ —22REL, TIERMAISRHONE 7O EX
FT—= 2T, EBRE AR, BRERE LT, TEBMALRONE 70X T =52 ) TV E A LT
SFTL, R R L TR CHEME L 72 2 X 7 A L TR0 FE, VAL & B
FRI N2 ML A D 72007 LGRSO W TR AT %0

Abstract

In a processing plant with a multiple-variety mixed-flow production system, a single worker handles multiple
machine tools. The traditional human-dependent management method, however, is facing difficulty in efficiently
operating the entire factory. As an attempt to solve such issues using process data obtained from machine tools,
an IoT platform has been constructed to monitor the status of the machine tools by utilizing IoT technology.
This paper details the construction of a system that analyzes process data from machine tools in real-time and
detects abnormalities for automation, including the machine-stop command. It also discusses the implementation
of this system on machine tools and provides examples of analysis and utilization by combining worker position

FEATURE : Digital Transformation to Embody KOBELCO’s Unique Value

information with machine operation information.
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Table 1 Signal data from machine

[ _No | signaldata | Description | No [ signaldata | Description |
1  SigOP Automatic operation signal 31 Override Override of federate
2 SigSTL Automatic operation starting signal 32 SigNP Inposition signal
3  SigSPL Automatic operaion stop signal 33 AbsPos Absolute position
4 SigAL Alarm signal 34 RelPos Relative position
5 EMG Emergency stop signal 35 McnPos Machine position
6  Mode Mode 36 SpindleLoad Spindle road
7  MainProgram Main program 37 SigENB Oparating spindle road signal
8  ActProgram Running program 38 SpindleSpeed Spindle speed
9  Sequence Sequence no 39 SpindleTemp Spindle motor temperature
10 MainComment Main program comment 40 ServoSpeed Servo speed
11  ActComment Running program comment 41 ServoTemp Servo temperature
12 ActS Actual revolutions 42  ServoError Servo position deviation amount
13 ActF Actual feed rate 43 Servoload Servo road
14 ActFdec Maesured feed rate 44 ServoCurrent Servo current
15 ModalS Command value of revolutions 45 ServoCurrentPer  Servo current rate
16  ModalF Command feed rate 46 PulseCodeTemp Servo pulse code temperature
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Prediction Technology for Blast Furnace Hot Metal Temperature, Adopting
Continuous Measurement and Analysis of Thermal Image at Tap Hole
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Abstract

A blast furnace must steadily produce hot metal in a target temperature range as planned. In recent
mainstream large blast furnaces, the time constant for the temperature change of hot metal also increases with
the increase in the furnace’s heat capacity. Inaccurate estimation of the changes of temperature in furnace
and delays in heat regulation action can lead to seriously poor furnace conditions. Therefore, furnace operation
requires a high level of judgment ability to take the appropriate actions at the right time. Kobe Steel is
currently developing AI SOURO to predict and control furnace conditions (temperature and gas permeability
in furnace) to achieve ultimately stable operation (without tapping trouble or channeling) The fundamental
technology for this is one for predicting hot metal temperature.

This paper reports on achieving high accuracy in hot metal temperature prediction by effectively applying
the results of both conventional intermittent thermocouple measurements and continuous temperature
measurements using new measuring equipment based on thermal image analysis.
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Application of Coiling Temperature Control Technology Using Deep
Neural Network to Cooling Process in Steel-plate Manufacturing Plant
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Abstract

In the cooling process of a hot strip mill, the coiling temperature is a crucial factor that determines the
mechanical properties of steel plates and therefore requires extremely high control accuracy. To achieve this, it
is essential to improve the accuracy of the temperature prediction model for the steel plates, which determines
the amount of cooling water to be injected. In this study, a temperature prediction model using a deep neural
network, one of the AI methods, has been developed and introduced. As a result, the control accuracy of the
coiling temperature, especially for high-tensile steel plates, has significantly improved. Furthermore, in the
operational department, an efficient and flexible operation of the new prediction model has been established,
leading to significant changes in the tasks of staff and operators at manufacturing sites.
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i Thickness of Concentration of
Mode| No Coiling tDemperature steel sheets steel components
(°c)
(mm)
1 X~ X Yi~Y, L, ~ 1,
2 Xs ~ Xy Y ~ Y, Iy ~ 1,
N Xi ~ X Yi ~Y; i ~ I
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Fig.3 Overview of functional configuration
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Improvement of Work Safety and Efficiency through Shape Measuring
Technology for Hot-forged Products

Akira OKAMOTO - Takashi TAKISHITA - Akihiro SATO + Tomonori IKEGAMI - Keisuke OGATA
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Abstract

The large, forged products produced at Kobe Steel's forging foundry, such as round bar materials for marine
crankshafts and propulsion shafts, as well as rectangular products for dies for plastic injection molding, are
forged into their predetermined shapes using a free forging press. In the forging process, the dimensions of hot-
forged products are checked by workers using calipers. This task is performed close to the hot products, in
an extremely hot environment and with the additional risk of severe burns. It is considered one of the “special
management operations” conducted within permissible entry limits, hence the development and putting into
practical use of a measuring device that utilizes image processing for non-contact and accurate measurement of
the diameters of round bars, the heights of rectangular products, and the axial lengths of stepped round bars,
which require frequent caliper measurements. As a result, the need for workers to approach hot products has
been significantly reduced, leading to enhanced safety for the workers and contributing to the improvement of
business processes by eliminating dependence on the worker’s skills in measurement tasks.
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Fig.1 Round bar diameter measurement by using outside caliper
(pass)
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Table 1 Specifications of hot round bar diameter measuring
device

Item Specification

1 second or less
+3mm or less at temperature 600~ 800°C

Measurement time

Difference with pass

measurement

Dustproof/Heat Air purge flows through the measurement head to achieve
resistant dustproof and heat resistant.

Operability User—friendly interface

Saving measurement A function that automatically saves measurement results
results for confirmation in the event of quality

abnormality/equipment abnormality.

Camera | Laser distance meter

Motorized goniometer stages

(a)inside the measuring head (b)Appearance of measuring head

2 FHll~Ny Fostel

Fig.2 Appearance of measuring head
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- Upper edge
position
Lower edge

position

3 CELL72HE 70 7 7 £ VOMGMED S DTy YK
Fig.3 Edge detection from the differential value of brightness
profile after smoothing processing
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Fig.4 Measuring principle of round bar diameter

{Appro values are cal ;
: real tme during the press operation

Action buttons:

it 0.05%

un im:
Plus automatlcaﬂy save captured images to HDD

% Operated by touch-panel PC
5 WHEBEEFHNOBRIMES vy —T7 2 — R
Fig.5 Operation interface for round bar diameter measurement
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Fig.7 Operation interface for stepped round bar length measurement
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Fig.8 Principle of measuring the length of stepped round bar.
Schematic diagrams of (a) the operation interface and (b) the
equipment configuration
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Automatic Crane Operation for Waste Treatment Plants
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Abstract

In waste treatment plants, cranes are used to transport and mix the waste to ensure the stable operation of
incinerators. Four key technologies have been developed for measuring the height of waste accumulated in
the waste pit and acquiring images of the waste surface: ie. i) technology to recognize the situation inside the
waste pit on the basis of distance sensors (waste height measuring technology), i) technology to recognize the
stirring state of the waste on the basis of camera information, iii) technology to reproduce the operator’s actions
in planning crane movement, and iv) crane control technology based on 3D measurement information and the
movement planning. This paper introduces an overview of a developed system that utilizes the technologies
mentioned above to automate the operation, aiming at substituting the high-level cognitive, judgmental, and

FEATURE : Digital Transformation to Embody KOBELCO’s Unique Value

operational skills of the operators.
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Table 1 Evaluation of combustion stability during automatic
operation compared to manual operation.
(manual operation = 1)

NO, (Avg. ) 1.00
Steam flow rate (SD) 1.03
Sand temperature (SD) 0.65
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Abstract

In a changing business environment, it is necessary to promote Digital Transformation (DX) by utilizing digital
technology. Additionally, for DX business transformations, which are highly uncertain, it is recommended
to apply agile principles. On the basis of this recommendation, Kobe Steel has implemented a business
transformation in the production management operations of its titanium plant. This has been achieved through
the application of simple business support tools and the Plan-Do-Check-Act (PDCA) cycle for continuous
improvement. As a result, it has been confirmed that agile principles are valid for the business transformation
of legacy production management operations, which still have numerous constraints and accumulated know-

FEATURE : Digital Transformation to Embody KOBELCO’s Unique Value
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Table 1 An example result of operation scheduling planning

Bottleneck process
Delivery d®r$tand:rg @start End |Margin Lot ID Tact
date S s date date |[(@D-@)|-° time
on the prosess
1 |A 2023/08/31 7 2023/07/12 2
2 |A 2023/09/14 2 2023/07/26| 2023/07/10| 2023/07/19 16]L1 57
3 |A 2023/09/30 3 2023/08/11 32
4 B 2023/09/06] 5 2023/07/18 I
5 |B 2023/09/14 5 2023/07/26 7
6 |B 2023/09/21 5 2023/08/02 14
7 |B 2023/09/28 5 2023/08/09| 2023/07/19| 2023/07/24 21|12 37
8 |B 2023/09/30 5 2023/08/11 23
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11_]c 2023/09/12 4 2023/07/24]_2023/07/24] 2023/07/24 0[L3 5
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10 |B 2023/10/14 3 2023/08/25 14
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18 |B 2023/11/21 9 2023/10/02 52
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Abstract

This study focuses on the logistics planning of fuel for thermal-power generation from its unloading to being
supplied for boilers. A new concept simulation system has been developed and implemented, which utilizes
both logistics models and human judgment bidirectionally. This system utilizes diverse historical and planned
information such as ship allocation, silo inventory, power generation, fuel composition, and process data. Its core
is a simulator that calculates the logistics of storage from ships to silos, transportation from silos to boilers, and
circulation among silos in a time series manner. Additionally, this system can incorporate human judgment in
switching logistics during simulation. Furthermore, it is possible to backtrack to any chosen point in time after
execution and modify or add judgments for switching, enabling re-simulation. These capabilities allow for the
seamless incorporation of irregular operations that are difficult to model, while basing logistics planning on

standard conditions derived from data and models.
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Actual result

2013/7/1~9/30

—— Coal inventory (kton) — —— Coalinventory (kton)

Different colors indicate different types of coal.
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Fig.4 Comparison between simulation results and actual results(changes in coal inventory)

o G ¢ KA QDM H TOFMN & FEH &

cFARTEE  HTLDERA T TOAIHE &

o P HEL - &9 A4 O e OF) H R CToORri H K
F72, BRRVHFA Z VDL —IZONTIE, BELD
FEHEI 72 St 2 R L 72,

LigiEnb & T, 3EAMOY I 2L - a v iE
TL72AE R E ERE OB & LT, 1 ufEEEERD
WRAR 4 IR T, KA EHHEREICE Y 4O K
T L 72 DOTE O TH 5 WOV ) Bz 1%
VIa L= FMEICPE LTV AA, FEHRERL O KR
AL ERE RS HHLTWA I L3015, B,
1 AHD 20 CTIEEOBREICESAONLA, S
Tra—=FDLFTNNREAE L2720 TH b,

ZoMl, VA 2 LizAbkmE, SFHOERRERICD
WTDHFERHELBM LB DETH D Z EDIERTE I
B, XY Ial—FE2TFRETEERONR—Z & LTHH
THILEL

3. ADO¥Ilr & DEH

3.1 MEERNCLIETE—F
FRDX S, KyIal—YaryAFalia—¥
LAWY B2 AT I 2L -2 a VBT
MCEXLEPEHMTH DL, TOD, EHEL—VIZHKD
v Ialb—2 W% AOKIWICEER S S, il
WrzBmd s, Ho0wiE HOSr LIy 7E2EEHTL
CENMRELFTE—FEMA TS, LUFIZZ DR
INC RS
e VI a L — WY )RR LB L HIW L 7RERT
Vo 2 AEIE LIRS R RRT 5, 2—HFIEED
WHEZMERLLEET LI ENTE S, BIZIE, ik
WS 294 mefticlt, VA 7 VR k
O A U EEET L,
e VIaL—SYORRLIEWHY OV EZDI AL I VT
HI—YPEMT L ENTE D, Pl FRE
MO TIEEZ AN Z 5 720 O F O L

R, W OF AL BT A 2 VO L WEET
H5
s KETOBE ) HEITEREE AL LT, —EY
Iab—YavERETLERIS, Wiy &
2 EFETWANOLEZEOMRLIICHEETE b, FlZ
X, YA ORI AEICREZY Y BRZ S, B
WU A 2V ERRIGT 5 % SRV — IV TIIWRY)
DEEZDEL WY A I Y7 TOY YK ZRED
WHEE 7 B
Wi el 0 £z ORISR Tl e 77 & L CREZIR
WEDMRIEZ N, IRIIFEATREICERARA THAMATE
bo THIZLKY, Z—FNRFULEEXHEVELANTS
VENEL e E512, BROANEERELTRL S
MR BRAERETHIEDLTE L, M5 ICHM%
BOWTHEYI2L—Y a3y 355 —A%62, RiEO
Wt ) B2 WS REFH T 24 A—Y2Rd, 22
TiE IHEDYI 2= 3 r%4/1 008554
L, O»5G05moWintl Bz 27> Twb, 20
1L, @, ®, BXUG®D 3 AL —FHWIZL 580
B2 Thdo, 72, 5BIOWHY Y B2 HEHRERIEZD

1 Current time W Simulator judgment <7 Human judgment
4/1 0:00 4/2 0:00 4/30:00
| time
T T T T T
...... oual Simuiaton 5
P g >
12 hours later e previous judgment result Change ®
4/1 0:00 N 42000 v Ty 4/30:00% /
¢ | |l ¢ [ & |u
- S
T 1 T T T T
...... A e Simulation -
” Cd

5 Him oWk R EMHE LY I ab—va s
Fig.5 Simulation using results of previous logistics switching
decision

54 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 73 No. 1 (Aug. 2024)



Wizl e L dicu /e LTINS, RICI2IKERHEZD
4/1 12:00CTHEY I 2 L—Y 3 Y2 BIRT A8, A7
A0 70 L BEREL LD @H 5Oy b %%
Z W& At 2 & TR 0 2 — ) Wk A S S h
%o ZOPITIX, GOWHY Y ERZ % 5 mH R R 5
BIEST %2 LT, 4/3 LW 2MEIE S b,
3.2 %RV EEITHEEE

FERETHOFERICBWTIE, YIalb—va vE¥EfTE
EIE (it D Bz OEE) ZMEPHRDEL 225,
IDEF LOEHEIAE EIF T 2 ik b, 271
L AZBWTITHIEHTH R R L ) IR Y 3
22—y a VIREZRELAZ LT, Wikt o &2 k%8
m-EZECEXZUENRH L, 22T, EERELNRTH
B LTiE, Wik & X A U CirERg Tl
BT AU TOWRIRE, ThbbH A oen
Y h OLEE, FROBNTSE, EHHRORW R & &R L
TBERENHNOWFIREIZ I 2L —FNEEXHZ
LHENEZ O5ND, WiEEdn & FACHE Y X 2
L—a e U LEE 22 5 05T, BEIER
HH RO (FAETH O ERT~507) 720 IRE2 %
T HUENRD L ETHTND BENTIZE,
ZIT, RV AT LTI, WiRIREORAHE H A0
L9 MRy ¥ 2T, AP SRR Y 0T
T F ClEHEf > I 2L —3¥ 3~ (Presimulation)
179 2 & T, EEORL F CERN TR % B2 BBl
WHFE L7z B6 SRR LRI~ EFGZEBT S
TEOBIZ R, TOBITIEZ2 HIZ & IZWiiREZ 715
LTEY, RYETHD 4/6 15:00 DE LR T H
% 4/5 0:00 W5 ikAEICY £ v b L72%%, 39KER 0T
MYIal—YaryzEZfTiLTwb, 2O 4/5 12:00
AXHT I EATRE O W) O B 2 T & ik te 2 & T,
T =R > 72855 TH IEMICHTRIREZ HB T &
%o

TERINR > 72 ETY I 2 Lb—7 13—k L,
B Wme) ) AW A RET S, H5HVIEHToH
WizZH$T5ZET, METLEPNORLDLEMLTO
YIalb—TarvduigE b,

. . Backtracking time
ﬁ Logistics status storage time f specified by user

Previous switching judgment

\v

New human judgment

time
4/2 1 4/3 | 44 4/5 ) A6 | AT
P45 4/6
(1)Obtain the logistics i 12500 15:IOO
status closest to the i e Re-smulat
backtracking time. ! re-simulation >EEESNSIENCE
—> >; (4)Pause
(2)Reset the logistics status (3)Reflect previous
and start Pre-simulation judgment

6 TR D LRI~ L Wik FHH
Fig.6 Return to backtracking time and reproduction of logistics
status

3.3 Ei8l

BEAERL7F—-s2AEL, YI21v—%ETE
RO ) FFATHERE 2 AL L C Rt L 72K o At
WAmMmE ZR7BLUOR8IZRT, 22T, IhbH
OWMBNIT A v Gfth) & o HBOfEE R ()
ZARLTBY, WO RSO MR 5 A3
BUBBHICRESINRTWS, /2, MothoA~LIE
HirkDENEZ, TOTORMEIZY A aofiEi [kton]
EENFIURLTW5,

B 7 1 ZRIKEEDAZEZOHRCREL, WimFeY
FA 7 NVERATITRE L2V =N TT I 2 b
—Yary L HZEOFHERFTHMHBHTH L, 2DV 3
2L —¥ 3 »Tid, 11/1 16:0012 No.2 ¥4 T D e s
W IBRICIE L7272 D122 X REDO No12H 4 m~D )
PFA I NVERIBL TS, UL 72 VORM11/2 1205k
THREA ORED) 258025 L7225, VYA 7 VR M A

Set as unloading start date ‘ l 11/2: arrival—Start unloading after recycling ‘
10/26 |n/27‘1n/23 10/29 10/30‘10/31 11/01] 11/02 | 11703 | 11/08 | 11/05| 11/06 | 11/07 | 11/08
A |& |£ B A X XK |x | |£ |H A KoK
Ship No B23545 823617 [ e 23624 | Y B23614

#01 A A A A A A A A A A A
0 0 298 | 298 | 298 | 298 | 298 | 298 | 298 ||298%\) 208 | 298 | 298 | 208
#02 B B B B B B B B C c C c

302 302:302 302 302 & 802 246 | 86 0 0 | 298 | 298 | 298 | 298
03 D D [D[D]JD]D ||D[D[D [[D] (©
302 | 302 | 302 29.2'2].8 173 1129 84 | ¢ 02 |0 0 0 298 |
E
3
©

#04 E E E E E E E E

0 0 0 302 302 | 802 302 | 302 | 302 02 | 302 | 302 | 802 | 302

#5 A A | H B [c[¢cle[c|
139 | 95 6.1 0 0 0 0 0 302 | 302 | 302 | 302 | 802
B

#05 | B [ B B [IB BI [ BN [1BY | 1BY [WBN [WBN [1BN | 1B
298 | 298 | 298 | 298 | 29 @ |05 | 295 | 298 | 298 | 298 | 295 | 298 | 298
7 ’7Start recyclin, <maintenance>
0 0 [ — pelli 0 0 0 0 0 0 0 0

#08 A A | A [ A[A[A[A[A[A[AN[AA][A
0 302 | 302 | 302 302 ‘ 802 |J302 | 302 | 302 | 802 | 302 | 302 | 302 | 802
08 T 1 [1J | (o
30 30 30 3 29.1' 224 J158 91 24 0 0 0 ‘ 302 | 302
#i F L F | F F L F |F F | F [ F

e 281 | 281 (1261 | 281 | 28.1 | 281 187 [ 181 | 76 |
#1 Change coal-mixing | K K K K K K K K K K|
T 30 |30 [fs0 30 |30 [a0 |30 |30 |30 | 30

N

#12 G |G |G B B .B B B |B | B B
159 | 92 41 0 0 56 216 1302 | 302 | 302 | 302 | 302 | 302
#13 EWE | E [ E [E[/E [ E[E[E[E
0 0 0 0 298 | 298 | 298 298 | 298 | 298 | 208 | 298 | 298 @ 298
#4 S PO P P PO P P P P L
302 | 302 302 302 302 | 302 302 302 302 |28.1 241 184 129 73
#15 M M | M| M| M |[M M M| M M| M M M M,
298 | 298 298 298 298 | 298 | 298 298 298 298 298 298 298 298

Brand/Stock [kton] ‘

7 FRGETEHEE OB (W50 & A O e )
Fig.7 Example of supply and demand planning screen
(unloading and silo inventory)

Silo No. ‘

Start unloading without demurrage ‘

10/26| 10/27 | 10/28 | 1029 10/30 | 10/31 | 11/01 | 11/02 | 11/03 | 11/04 | 11/06 11/06 | 11/07| 11/08
‘* & |* ‘EI ‘E ‘% ‘ﬂ( & ‘ﬁ g ‘EI ‘ﬁ Pl ‘7](
Ship No 23525 [p23817 [ [ B23s2ad | | [ [B23614] |
#01 A A A A A A A A A A A
0 0 298 | 298 | 298 | 298 | 298 h 298 | 298 | 298 | 298 | 298 | 298
#02 B Bl |'B B B B B C c ['C C C c
302 | 802 | 302 | 302 302 135 | 18 |0 298 | 208 | 298 | 298 | 298 | 298
#03 D DD |D D D D [|'D" D D C
302 | 802 | 302 | 292|) 21.8f)173 | 129 |84 4 02 |0 0 0 298
#04 E E B = B E E E E E
0 0 0 302 302 [J302 | 302 V802 | 302 | 302 | 302 | 302 | 302 | 302
#05 | H H ' H H| C C C C C c|cC
| 139 (95 |61 29 | o 0 0 19 302 | 802 | 302 | 302 | 802 | 302
#06 | B B B B B B B B B B B B B
Start recycling earlier 98 |J298 | 298 | 298 | 298 | 298 298. 298 | 298 | 298
#07 maintenance>
than standard 0 0 0 0 0 0 o 0 0
#08 K Ly A A A A A A A A A

0 302 | 802 | 302 802 §302 | 302 | 302 | 302 | 302 | 302 | 302 | 302 | 302 |

#09 T [J [T 7 ﬂ T [ J [T [7J T iC
30 30 30 30 224 158 91 24 0 0 0 302 | 302
#0 F | F | F|F|FJJF[F[F][F][F F 1 F [ F
281 | 281 | 281 | 281 | 281 (§28.1 | 281 | 281 | 281 | 281 187 | 131 | 76

#1 K K K K K K K K K K K K K K

30 30 30 30 80 30 30 30 30 80 30 30 30 30
#12 G G G B B B B B B B B B

159 | 92 | 41 0 0 167 | 284 | 302 | 302 | 302 | 302 | 302 | 302 | 302
#13 E E E E E E E E E E

[0 0 0 0 208 | 298 | 208 | 2983 | 208 | 298 | 208 | 298 | 298 | 298
L L L L L L L L

#14 L L L L | L L
302 | 302 | 302 | 302 | 302 | 302 | 302 | 302 | 302 |28 241 184 | 129 | 73
#15 M M| M M| M M| M M| M M| M M| M| M
208 [ 298 [ 298 | 298 | 298 | 298 | 298 | 208 | 298 | 208 | 298 | 298 | 298 | 298

Backtrack

Re-simulation

8 HEYWHETOB (V34 7 VEMEE AR 72 04)
Fig.8 Backward re-simulation example
(Case of starting recycling 40 hours earlier)

RsD #7845 /Vol. 73 No. 1 (Aug. 2024) 55



ERTOHK DD L4 7 VR THICAKEBTES
11/4 8:00M 5T 2B L T b,
M8IEHYIal—Ya vBOELIEHETH S,
2T, VYA 7 VoORGEE RO 5729, 10/31 0:00
WHRREY LNo2 A ud A 7 vE AhikEL, <
DHEIZVI2ZVL—=FDATEITLTVD, Z DML,
11/2 128 L 7= oy GeED) XK 7 TlEgsEL
TWUH A 7 VEBIZL M sE5 2 8% L
1172 S 2 MIaCcECTwb, $72, 1174 £ 11/5
ORFWVFEZIZKT7 LS T—HLTBY, milloOY
WE D B ZHW A INTwEZ L D5, 20
IVCWHOUI VKRR Z A IV &2 RMEL ) LRDL K
Iy I 2 Lb—F HMCHHT 51T L WETE2Y, A
DI & B ) HETHEELX AT A2 L TEIT L
ENTE D,

4. FHTOER

AyIal—varyyAF2RBEHOTOEATFT—
T REBROMEmRE ) vy S8, HRETEEES L IAT L
7oRAT 2l U CRBERI R BEE OUE 2 O o/ R, %
PR\ RE R 2 VR TE D L PR T E 72
BAKI 2 AR Y AT DN & IR ISR,

o BUARASIZITAEE LTV AR 168 H IS A o HIr

HPESE, AL X 2T —RBEEEDTHEICE
W 2T 50 ORI RWR OBRERRIE
FEN, BEROIREEMBIFOLE 2 K25
72O H AT 2 5IET %,

o 116 H HUREEAEREL T i1k, RMRatmisEo
FEEZDEICY I 2 L—FOHBHIKT— F TR
T B VI alb—Y g v ARIREEDEH &
e LT\ b 720, EETH OSIERZEED WS
5o TORRIIEA GRE) OFEITEHT %,

o BFHFTH OB RE SN DL FRA 5 T L OREATHZ B
R OIKR A Z ) OFAERETFHIL, Shb
AT 5 720 OFF 8 E B A 51l 3G 3
%o

St RV AT L ERGERNSGEN T 52 & TUTOR)R
PHIEE N5,

c MPOHME LT, RA F232H00 4 FITHHR
N7=Z L2 X 2R8I & Wik DB L T
&L TATIHEHATREL 7 B0

o BTHICE T 2 MM T 5 2 & T, RROMA
&, WBTFRVIA I VDI A IV T hERELT:
B — AW HeE 2 ), WO & %
BEDHEE B Do

AL H LA DnYIal—Ya b WRTH
B720, FETNCTRMOMBEREZER L7 LT
FERETMNCRINCY 22 A VT A2 ENTE, JE

JE DB & BERE ) A7 DIIRATREE 72 b6
o TN THEDIYFITH N T W2~ DFTH
TN UL - SN 720, FHRETEER
EVRTEDLAMOIIRIZO LD 5,

CTU=HPEETLI Iab—Y g VEINIEZ, oh
FCICER, FESkZ EEM R OIS M LA T
%2 OFENELE TRERLWR 70t A~0wf 2 8L T
Breommil - ik EF VOB M EE M S THR.
INSOBHANRIEF T T4 ¥, $Thbbike Wit
FOTEHWIE T 2 NRE R EMOBE NNy — > D
WBHET & wo 7z 7V ARBIE L idv s - AR BT
s, ZOMBIX) 7TV RBSICEEM SRS D
DTIZE D 5720 2D, WEHTO—EDOHM I D
BRENBEIDVH B, WolF), KVIal—%iEU7
W ROBERL L BEHESLNDLE VI 4 VR TH

D, BlEOB¥EZTOF THBTE 2 LRXVOKENE
RENL N THIEZR BN D B, 72721, HEOEIEM
YTy Ial—8 TRABATE ZWHRIZHEDO WA
LF¥Fa5—4LFRL—=a PR EICIiTbhb, 207
W, F=riuYy s THREBINLYI 2L —va v
i % = 22 D B AR A Vb TOANDOHIW &
SR LHRRBET VIR SIS S I LT, EHREC
ORIFOENE LNRNVOKEEREBTE 2,

Stk H & OB TREMMENET 5 720121%, HE
T BAPEREEE I DEALII A ¥ RE & WA X
HEHMAPLETH D, ThIliE, EHERTFT—FE~<AS
REDTEBEEGEZMIE LT I — 22 R ETHHENELZLS
No, T2, Btk @m0 57200 L ) v na—
WAy T2 —ABEE R D, S8BT, ARWIRER
BERYAIE, B TOERIIE & O R HETM
TORMEIHE %2 > AT LS, A SHEERA
FEFTCO—HERFIHOERZ HIF L2,

B, T—FLoEEERIZLE Y I 2L —FDFELT
RBEY) HFEIT R EARY I 2 L — & I L7080 7
Fefiid, FEEATOWIICIR & 378 TR TN Ok
RITHOYI2L—Ya VIZHIELHEETRETH 5 7-
B, GtRTIV—TNOWGEOBFEI L CIA MR
MLTOLFHETH %,

Z E X B

1) a%h. R&DAF RETER. 2018, Vol68, No.2, p.29-35.

2)  AOFTRNT. A e MR DU I I OV B A
70115707 2022-1-18.

3)  ARHE—(3 A R&DMFREIER. 2001, Vol51, No3, p.28-35.

4)  WRUIAZA. ¥ AT AR SR SGE. 2018, Vol3l, No.o,
D.347-355.

5) HEAERL WiHAZE» Y ab—Ya yHE FRT
1-270164. 1989-10-27.

56 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 73 No. 1 (Aug. 2024)



W45 - DX THE$KOBELCOSLE

(fift35¢)

MHERES JUCFIAICE 1T 5 MIE

FIE Y- FTHEEAT? - RILREKTE - B TR aen o) - /\HRFRSET

MI Technology in Developing and Utilizing Materials
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Abstract

Materials Informatics/Materials Integration (MI) technology is gaining attention as a method to advance the
development of new materials efficiently. Kobe Steel is actively utilizing MI technology, exemplified by Al
and simulations, in developing and utilizing a wide range of metal materials and their associated technologies.
This article explains some representative cases: one involves using Al to predict material properties based on
experimental data for welding materials and thin steel sheets, enabling the discovery of materials that achieve
target properties by exploring chemical composition and heat treatment conditions. The other case explains
how MI was used to obtain a material patent with few embodiments. Also explained is a case where simulations
were constructed to evaluate the atomic-level material structure, properties, and processability into parts for
thick steel plates and copper alloys. This allowed the development to be conducted on the desk. Finally, this

FEATURE : Digital Transformation to Embody KOBELCQ’s Unique Value

article discusses the outlook for broadly utilizing MI to its fullest potential.
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Table 1 Experimental data and virtual data used for patent acquisition

Chemical compositions of materials Annealing condition parameters Mechanical properties

Data No c [ si [mn[ at [ 1 [ N [ Mol cr [TrAes] Tyoar | MsTo | Tyouar | teat | tposar | TS | EL A
(mass %) (°C) (s) (MPa) | (%) (%)
Experimental-Data 1 | 0.20 0.8 2.0 | 0.04 | 0.00 | 0.0 0.0 0.5 -9 500 180 400 10 300 983 242 39.0
Experimental-Data2 | 0.24 | 0.6 24 | 0.60 | 0.00 | 0.0 0.0 0.0 24 450 218 460 90 20 933 19.1 422
Virtual-Datal 0.20 0.8 2.0 0.04 | 0.00 0.0 0.0 1.0 130 500 50 400 10 300 O X O
Virtual-Data2 0.20 0.8 2.0 | 0.04 | 0.08 0.0 0.0 0.0 110 500 100 400 10 300 X O O
Virtual-Data3 0.40 | 2.0 2.0 | 0.04 | 0.00 0.0 0.0 0.0 48 380 5 380 100 450 @] X X
Virtual-Data4 0.20 0.8 2.0 1.2 | 0.00 0.0 0.0 0.0 -12 450 200 400 23 300 X O @]
Virtual-Data5 0.20 0.8 2.0 0.04 | 0.00 0.5 0.0 0.0 130 450 100 400 5 300 X X O
Virtual-Data6 0.20 0.8 2.0 | 0.04 | 0.00 0.0 0.2 0.0 110 500 50 400 5 300 X X @]

% O: achieve target property. X : not achieve target property
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Table 2 Chemical compositions of steel plate for verification test
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C Si Mn Ni Cr Mo
0.06 | 0.4 1.6 2.0 1.0 0.5
Others Cu, Nb, V, Al
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Table 3 Inverse problem analysis verification test results

Base material HAZ

Tensile strength (MPa)

501 transition
temperature (°C)

501 transition
temperature (°C)

Predicted value 1,090 -44 -91%
Experimental result 1,011 -45 -58~-70
Target property > 980 <-40 <-50

% Worst value in the heat input range for calculating HAZ toughness
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Application of Bayesian Optimization to Cross-sectional Design of
Aluminum Extrusion and Validation of Its Effectiveness

Dr. Ryohei IHARA - Shota CHINZEI - Taiki YAMAKAWA
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Abstract

Both weight reduction, driven by global environmental protection concerns, and collision safety performance
are demanded in automotive body parts. As a means to achieve this, the application of aluminum extrusion,
which allows for the designing of efficient cross-sectional shapes, is valid. Furthermore, designing technologies
that maximize the material's performance is also required to achieve weight reduction, and in this regard,
optimization technology is useful. The fact that optimization requires numerous repetitive evaluations increases
the desire for more efficient methods. The present study focuses on the cross-sectional design of aluminum
extrusion and applies Bayesian optimization, which enables efficient exploration, to verify its effectiveness.
A multi-objective optimization has been conducted as a problem involving bending performance and weight
reduction. The results have revealed the possibility of significantly reducing the number of optimization
executions compared with the conventional methods, while maintaining an equivalent level of cross-sectional
design.

BRERFX—-7—F
A XA, BOBAURET, 7OV IINEM, CAE, EByE, AL

EZADE =AFEOHIREIEIRE L By & LIRS AR
AP HEHNCED T, ABHEOMREBIHIHE 4 mt L S
WL CTHBY, #%EEKFOCN (Carbon Neutral) 23l
HEADOS KIS BE LT, HEHIERICBIT 2R
FRANDOHRL IR BT E 7> TV b, CNILDOH
NHEFELLT & IWCHKRR R E%Z .0 ICBEV
(Battery Electric Vehicle) BAZE2SEMIZHED 5L TW»
%75, BEV CIIfiic R BEME IR IS RNy 7)) —h %3
WCHEBREINLZLICL2EEHEPHMEL LS, TD72
W, HARREL=— X387 — b A VOBEICL ST
EbbrwesnTwa, BRI, F4mE2
B9t DML RKD N DL Z 5, FF 2 EH
BANCHE ST 52~V F <7 ) TV ERI B FE L LT
ZZON, BHICBVWTLEA M 2T TWw
229 NFIFY T IMEORFERET VI =T 24
EEHOTHATH Y, PCTHMUEMIILERELRS
7o DIZRIFRN R Wi R % R B HICEERTcT& 5 2 &
Mo, WyNRE—=LAR 7Y —4, 4 FYNVHEOFWE
IS HBHIEATHEY 2217 Tnd, MHEEZERED

EMREZHWNE LNy T =T L =20 EIZH A
DHEA TN S,

HARBREALI I RECE 720 T L, MR oMRE % i
KRG E M 720 DO%FHEM O EETH 5, KalIIHG
T HHA & U CREILEM B S, T TR E AR
gz MRu Y —RE i X 0 EEFT A TG A D
BRENTWDEY, —fEIZ, Rk Fom LBy %
T AHBRE, FEEOMRE T W2 TR E S M & flit g
5720 OMERRET, BEORMERE A I LoofhibEEE B
(N pet= a3 B RN S I AR (I P | AP A
— LB GE LN B W OB AR M T 5 55
&, EEEETR AN, BN R & BT S KR
Y 2RELTHRLER STV D, WolZH T, W
MZRBERII BT AT TRIRRCAE 2 2GR L7
FERIERRETIE, ZERMEREZ W72 LoD R IR ) Ot ht
1t %3k CCAE (Computer Aided Engineering) (2 X
BMREZITI o T OBRBEIZ BT EAL B 25H H T
20, HRFELREATIETIIR SN2 ok T
B4 e SRR B 272 Lo ol LS 2155 2 L1

UHAMREARE V) 2= a vHl e Y & — (B SRR HARRREARE TV s VA ) R— Y a Yl v 8 —

S FEMM TP TV I - AR Y ayazy b 7OV S - LT

RsD #7845 /Vol. 73 No. 1 (Aug. 2024) 63



W2 D 5o ARG TIE, R 2R O %
HifL, TOANLTHEE LTHAILN TV DN Xiki#
ALDARPERRGLE % H I IZHRES 247 - 72 R 2 W9 %o

1. N ARBILFEEZTOBERAMR

1.1 ~NA gk

A ALY 1E, BRE T VR — 2R T O
—DOTH Y, AP OKRADBERIIK L TREES
CAEZ ETHROLNLBH T — & 2 RICHETET V&1
EL, THOWHNIS LEE2EET S LTl
BRI TFHETH L. ZORMD SREM 2 LT
TELTHONTEY, KMEHTH A itz Hw
BTl L7, TOBRFEMFICKRE QBT LHMET
VU ZZE A A (Gaussian Process : GP, BLF
GPEw9) " ZHwwiz, HEOXIZHL, UTD
X (1) 2D EOHAIS (%) BGPITHED) T L %2 KT,

FO)~GP(u(x), k(x, X)) wevemermmmeeemneeeieeenn (1)
ST, uc P Kk A=A NVEETH DB, H—F
VBB EXOBEDEEZERLTBY, BREITHI I 2

TOERELRNTTHAI, ABEITIE, DFoxX (2) T
FE N2 Matérn BEY 2 w72,

2 (Bl (sl g

k(x, x)=

(v

ZI, T rr<BEE K Ny eVBEK 6, v 8
FGA—=FTHbo vidMatérn IO & 7 & & K58
FTA=FTHY5/2& L7

NA DAL B VT, RIS D w
THEFEIND, BEMNBICIE, GP25ELNL T
BWEPHsHmE D ERINIMETHY, Hiko L —
K+ 7BRE AT 5% HIYEALEZ IR LTw 5
Z & % # & L ¢, EHVI (Expected Hyper-volume
Improvement) ? % Fv 72,

B, N4 XE@E L TIRBINGE AT — 5 2812 L7z0
JEETVREEIC L ) RBEFHNIREEZIT) 70 2D 7
B, TOFFTIZBTIIWH T — s B EE %D, D
W7 — 2 BT 2t ABUE DR E IS, EBETHE
D—=DTHY, WREMEH TV 7T52
TR T E T VRESEN TR % 7 7 VB
(Latin Hypercube Sampling : LHS, PAFLHS &\v25)W0
Z VTR b & FE0 L 720
1.2 HE{LRREE

NA DI BALERPEOMGEN R & LT, 7V Il
O HFEEREETEAN & o 720 BARIYIZIE, WHUEM O}
el dize & ONCHIHATRIE 2 BE T2 8 e L, MRk
1bdB L O ER/MEEHWE L2 HRREEIEE L
TWb,

1.2.1 ZIVIHERMO= S8 TR

i P PERERE 12 FEM (Finite Element Method) (2 &
DiT->THY, HWZZFEEFVER1IZRT. /N8
E— ANOFZEEEE L, ©K1200 mm @ H Rz
A BT O Z Bl TR & LT b, 2T Ik

1,000 mm & L7zRISOIFRHEZ MU T 5 & & b i
B swafE L, R150 & L72FET1236 km/h o il
WEEMNG L7z, B, TALBEBRBNT EREKE LT
o TV Do MHEMICIZR R TEMOEEY %
MELLZMBEHEEZHCTEBY, 2y Yoy a2y
5 mm ® Shell BEZTEF ML L TN 2 175 726
1.2.2 EHEIEH

FLEM OBEIEIR & BRI EBOMBREZRE 2 1R,
S5HDOFFEMERVTEY), FEHOZGHIZ% 2
RS KD n7 S ICEIEIEWmAVET 2R LT
BY, WEEEET 2 BEORENZEL L SEICB W
THINSZAZT I REDI SN, HLEHOET
JNC—EWii & % 2 ET VL L7z,
1.2.3 BHBEHK

HiBEE, BEr o EmlcEn iz z 4
5T & & HMC, IPHERER LI 2 THEM B R R/

Supports (R15)

Indenter (R150)

Aluminum extrusion

z T
X e
k b= (Unit: mm)
y
1 =ZREFFEET WV
Fig.1 FE model for three-points bending
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Table 1 Mechanical properties used in FEM
Density (g/cm3) 2.7
Young's modulus (GPa) 70
Poisson’s ration (-) 0.33
Yield strength (MPa) 435
Tensile strength (MPa) 480
Unit:
(Unit: mm) 125
o — t1
w0
w
t3 té\l
z - ~
XT—>y h

2 PNRIEH TR & Rt

Fig.2 Cross section of extrusion and design variables

F2 ROBALENTIC BT 2 EGEHER L £ o i

Table 2 Design variable ranges for optimization

h t1 to t3 t4
(mm) (mm) (mm) (mm) (mm)

Min. 80 2.0 2.0 2.0 2.0

Max. 120 7.0 5.0 5.0 7.0
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Table 3 Search range for objective functions
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Fig.3 Optimization flow

2 DE, FEM#TT, BMBEBORLZ1T-5 Tw 573,
ETONHEZ AEL L THFEITITRER 7u—& LTHESEL
TWwWb, ITNSwEILENTICIE, CAD : CATIA V5 (¥ v
V— -+ VAT A AfE), FE X v ¥ 240 : HyperMesh
(TNVFT7LyY=TY »74), FEM:LSDYNA R9
(Ansysth) & M7z

2. NoNE—LHEEREZHRE LS BNR
EERER

2.1 N ZRBEEDOF MR

NA A BALOA R, wm#ELT VT XA
NSGA-TI (Non-dominated Sorting Genetic Algorithms-
" Zw<, FUxgrom UMERETHSh
oAb R RS LT A L THREF R ER L 7.
NSGA-T X EIBZWT VT AL DO—FEiTH Y, it D
mluRE (LY 7 b7 = TICH AR TN TV LAREN S
WL FETH B, XA ARBELICE DO NHER
%, NSGA-T OFERE KL TR 4 1R T, %8B, A
At iz 7 — & &b 2150, NSGA-T i 2066 | D
b g LR TH Y, K BosiEaEro iy
HREICENSEZ EZRLTWD, X4 X0, Mer 28
IS — A 7BREET A2 L, REMOESGER
T8 — b 78 Y MRS A b & NSGA-T 2B W
TIEEFASTHL I EPMERTE S, MED/ L — MiE
ZEEMWNICEHI T 5 729, S5IZHERIICRT FEET
Bish, BEEEEICLIRMA L72HV (Hyper Volume)
WX BHBEIT- 720 2B, SHOMBEZE TIEEVE

Good

® Bayes
O NSGA-I

Hyper volume

Critical bending moment, Mcr (kN - m)
-
w

9
Bayes 0.5773
7 NSGA-Il | 05728
! NS HOIBT28 T
2 3 4 5 6 & 8

mass (kg)

4 XA ALNSGA- T & 155 N7z imad b R o ik
Fig.4 Comparison of optimized results obtained by Bayes and
NSGA- I

1 Pareto solution

>
B
O e i

5 NA =K 22— 2HHORK
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Table 4 Design variables and objective function in FEM results
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Design variables Obijective functions

h al 2 3 t4 mass Mcr
(mm) (mm) (mm) (mm) (mm) (kg) (kN = m)
95.5 34 2.0 20 3.9 3.56 11.9
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Transformation of Design and Development Processes with Dynamic
Process Simulator

Yuki SHIGI - Tatsuki UEDA - Kei MORITA
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Abstract

Kobe Steel has developed a simulator to analyze the process of compressors that handle fluids. The simulator’s
application enables the verification of control-system responses in transient states from the initial design stage.
Additionally, Kobe Steel’'s simulator is equipped with Hardware-in-the-Loop Simulation (HILS) functionality,
allowing the validation of control programs before installation in the machine. This paper introduces a
simulation tool that can be applied to the design verification of complex compressor processes. It also discusses

FEATURE : Digital Transformation to Embody KOBELCO’s Unique Value

the outlook for reducing development time using model-based development.
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Abstract

Production preparation work has been streamlined by a digital twin solution. Assembly verification now allows
for highly accurate detection of interference between each workpiece and loading object by utilizing a function
that reproduces the track of component installation. This has prevented reworking due to defects during
prototype assembly. In equipment suitability verification, a function that easily and accurately reproduces the
behavior of nut runners having complex joints has enabled confirmation of the reachability of the fastening
area by considering the range of motion, as well as the determination of interference among the arm, head, and
workpiece. Furthermore, recycling the parts allocation data used in preliminary verification before prototyping
for the mass-production model has enabled the parts-dispatch information and work instructions to be created
beginning at the design stage, leading to concurrent production preparation, and the shortening of development
lead time.
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WiEE DX THETKOBELCOSLE FEATURE : Digital Transformation to Embody KOBELCO’s Unique Value
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Digital Transformation (DX) Technology Contributing to Further Automation
of Robotic Welding

Yuji KIMURA - Kazuki HIDAKA - Takaya HIGASHIRA - Fumiaki SAWAKAWA - Atsushi ARAI + Kohei KOMUKAI
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Abstract

Information and communication technologies, as well as DX technologies, are advancing, raising expectations
for the acceleration of automation and labor-saving in production sites. Kobe Steel has been focusing on the
development of various functions, including welding robots, aiming at automating welding operations. However,
the introduction of welding robot systems has created new tasks requiring manual work such as teaching
and maintenance. Using DX technology to reduce this manual labor can further enhance the effectiveness
of introducing welding robot systems, contributing to increased productivity for our customers. Combining
the ARCMAN™ Offline Teaching System with DX technology, Kobe Steel has developed new functions for
automatically generating welding programs and simulating cable behaviors to reduce manual teaching work.
Furthermore, connecting laser sensors, interpass temperature sensors, and cameras linked with ARCMAN™
View to the robot system has automated the measurements required for welding.
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Fig.3 3-way sensing simulation
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Fig.8 Welding procedure report example
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Transferring Welding Skills through Virtual Training System
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Abstract

In recent years, fewer opportunities have been provided for young welders to receive direct guidance and
training from veterans. To address this issue, a training simulator using virtual reality (VR) technology was
developed to serve as an alternative to instruction and training provided by veterans. Verification results show
that, for arc welding, the educational outcomes are equivalent to those obtained by traditional practical training.
Further possibilities include providing practical instruction to young welders in remote locations, such as other
branches or factories, and expanding the training to other techniques that require a high skill level (e.g., motion

FEATURE : Digital Transformation to Embody KOBELCO’s Unique Value
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Table 1 Welding menu

Welding conditions Arc welding Semi-auto welding TIG welding
Welding position Flat, Horizontal, Vertical
Plate thickness 9 (mm), 19 (mm) 4.5 (mm)
Wire diameter 3.2 (mm), & (mm) 1.2 (mm) 2.4 (mm)

Base material shape

Bead on, Fillet, Groove
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Realizing “Sustainable KOBELCO-like After-sales Service System” through
Service Process Digital Transformation (DX)
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Abstract

Kobe Steel designs, manufactures, and sells custom-made nonstandard industrial machinery and plant
equipment. These products are generally used for 25 to 50 years at the customer’s manufacturing site. Even
after the sales, Kobe Steel continues to provide a wide range of after-sales services, from maintenance such
as equipment inspections and part replacement to overhauls, responding to requests for various technical
consultations, and cooperative support for customers’ manufacturing in general. This paper introduces the
company’s efforts to construct a “sustainable after-sales service system that is characteristic of KOBELCO”
through service process DX, to transform communication and collaboration among stakeholders, including
customers and business partners, in the after-sales service work of KOBELCO'’s industrial machinery.
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Abstract

In April 2023, the Ministry of Land, Infrastructure, Transport and Tourism announced its guidelines for the
application of Building Information Modeling (BIM). In response, general contractors and others are accelerating
their efforts to connect all the processes of design, construction, and maintenance to improve efficiency. Based
on user feedback, Kobelco Construction Machinery has developed K-D2PLANNER®, software to support crane-
construction planning, focusing on connecting the design and construction processes and aiming to solve the
challenges of that process. The expected results include preventing interference between cranes and structures
during the construction process, confirming the required crane capacity and ground pressure, and commonizing
construction procedures to prevent the need for reworking at the site, as well as suppressing construction
delays and the incurrence of additional cost. It is also presumed that streamlining model creation can reduce
the costs of construction planning, and selecting the optimal crane can reduce execution costs, contributing to

FEATURE : Digital Transformation to Embody KOBELCO’s Unique Value

increased productivity.
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Abstract

Material DX is attracting attention as a comprehensive platform for researchers and engineers to understand
materials’ properties and behavior and achieve optimal design. This platform supports advanced material design
by predicting the properties of various materials and simulating their impact on the manufacturing process.
This paper introduces an example of a material search for a Fe-Co-Ni-based soft magnetic material. The search
uses quantum simulation technology (first-principles calculation) and experimental technology based on the
Direct Energy Deposition (DED) method. The DED method, among other 3D additive fabrications, offers a high

FEATURE : Digital Transformation to Embody KOBELCO’s Unique Value

degree of freedom and allows the combination of different materials within a given sample.
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Maximum magnetic Residual magnetic

Sample No. density flux density Coercivity Maximum permeability e 3
Bm (T) Br (T) He (A/m) Um
1 0.96 0.55 39 9,436
2 1.18 0.51 115 2,057
3 1.50 0.64 148 2,132
4 1.30 0.65 1,943 170
5 2.26 0.73 159 2,095

*Maximum magnetic field Hm 10000(A/m)
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6 RS D TR R
Fig.6 Experimental result of magnetic property
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Modeling of Fixed-bed Catalytic Reactor Considering Pellet Particle
Geometry

Dr. Yoichi TAKAGISHI -« Hirokazu MATSUOKA - Ryohei BABA - Takeshi YAMASHITA
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Abstract

To achieve net-zero emissions by 2030, the efficiency of fixed-bed catalytic reactors that convert CO, into
reusable fuel substances must be improved. Hitherto, numerical simulations considering chemical reactions,
fluids, and temperature, treating the catalyst layer as a homogeneous body, have been utilized. These
simulations have examined the impact of gas temperature and flow rate on reaction efficiency. Recently, coupled
models that consider the 3D filling structure of pellet catalysts have been proposed for sensitivity analysis and
optimization of the pellet size and shape. This paper introduces a case study on the construction of a simulation
model for methanol synthesis and methane synthesis, as well as multi-objective optimization aiming both to deal
with pressure loss and achieve reaction efficiency.
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Fig.1 (a) Schematic image of fixed bed catalytic reactor,
(b) Model geometries with various pellet size
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Table 1 Kinetic parameters

A () B ()
Kinetic constant k;
0.499 17,197
(mol/kg s bar?)
Kinetic constant k;
6.62x10"11 124,119
(mol/kg s bar?)
Equilibrium constant K7
3,066 10.592
(bar-2)
Equilibrium constant K7
2,073 2.029
(bar-2)

K2 XF )= VERY I 2L —Ya vl
Table 2 Conditions in methanol synthesis simulations

(i) (ii) (iii)

Pellet radius

(mm) 1 0.75 0.5

Volume ratio of
pellets (%)
Inlet

48.6 52.8 59.4

temperature 210
(c)

(i) (i)

B2 ¥32b—va il ) PllL72@®REBICBT 5 BHEND
Ry ) — Vi
(a) 3LV v M, (b) BUGHEIH

Fig.2 Simulated stational methanol concentration
(a) Three-dimensions (pellet surface), (b) cross-section
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Fig.3 Relationship between simulated average methanol concentration
on outlet plane and pellet radius
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Fig.4 Cross section of (a) simulated static flow velocity,
(b) simulated static temperature distributions
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Table 3 Database of methane synthesis simulations

Structure
Output parameters
parameters
# Average s dard P
ticl tandar ressure X
:Aﬂr e deviation loss Yield of CH4
iameter (-)
(mm) (mm) (Pa)
1 6 1.10 0.164 0.763
2 11 0.902 0.0823 0.595
3 5 0.175 0.183 0.789
4 9 1.51 0.113 0.666
5 11 2.81 0.113 0.614
266 8 0.696 0.126 0.705
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Fig.5 Simulated relationship between methane yield and pressure loss
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Fig.6 Simulated correlation coefficient of structural parameters for
pressure loss and methane yield
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Abstract

Kobe Steel aims to provide solutions to leverage its comprehensive strengths by sharing and utilizing
customers’ information in a wide variety of business fields across the entire company. Originally, the company
had not established a system for sharing information. However, in January 2023, a customer response
transformation project was launched to build a system for sharing and accumulating information obtained from
customers. This project involves organizing the requirements for business and the system through extensive
discussions among the business sectors. In addition, activities to promote the establishment and utilization of
the system have been contemplated, and the system has been used since April 2024. This paper explains the
purpose and background of the foundation construction, the challenges of project promotion, and their solutions.
Finally, it discusses the prospects of using the system.
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Steel & Aluminum

Material Forges and foundries

Machinery

Machinery

Engineering

Construction machinery

Electric

power Electric power

Other

Wire rod (wire, bar steel), thin plate (hot-rolled, cold-rolled, surface treated), thick
plate, aluminum plate, and other products (steel scraps, milling for castings, milling for
steelmaking, slag products)

Cast and forged steel products, aluminum alloy and magnesium alloy castings,
titanium and titanium alloy products, aluminum alloy forged and processed products,
aluminum extrusions and processed products, copper rolled products, iron powder

Welding materials (various coated arc welding rods, wire for automatic and semi-
Welding automatic welding, flux), welding robots, welding machines, various welding robot
systems, welding-related testing, analysis, and consulting services

Energy and chemical-related equipment, nuclear-related equipment, tire and rubber
machinery, resin machinery, ultra-high pressure equipment, vacuum coating
equipment, metal processing machinery, various compressors, refrigeration equipment,
heat pumps, various plants (steel rolling, non-ferrous, etc.), various internal
combustion engines, special alloys and new materials (target materials, etc.), analysis
and analysis of various materials

Various plants (reduced iron, pelletizing, petrochemical, nuclear-related, water
treatment, waste treatment, etc.), civil engineering, new transportation systems,
chemical and food-related equipment

Hydraulic excavators, mini excavators, environmental recycling machinery, crawler
cranes, wheel cranes, DX solutions

Power supply, heat supply

High-pressure gas container manufacturing industry, superconducting products,
general trading companies

1 MO

Fig.1 Outline of our business
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Concretizing opportunities for value
creation based on information obtained
from our own customers.

et

S—
Customer
Customer information

Strengthening the

- competior [T Compary

creation of new value
*Demonstrating comprehensive

Information from Customer Own product information Streng_th/synergv .
+ Own assets information *Acquiring new business
External information opportunities
L

_— B
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=>Amplifying the value provided
to customers and contributing
to sustainable growth.

2 BEEMIGEY 0T 2 VOHMET Ta—F

Fig.2 Purpose and approach of “customer response transformation project”
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Abstract

This article provides an overview of the KOBELCO Future Pioneering Co-Creation Research Center (KFPC),
which has been established to create new businesses by combining KOBELCO’s diverse manufacturing
experience with Osaka University's advanced technology and scientific capabilities. While the KFPC is a
university organization for industry-academia collaboration, it has been focused on creating solution businesses
since its establishment. This is a unique characteristic of the KFPC and aligns with KOBELCO’s materiality
and DX strategy, as well as Osaka University’s medium- to long-term management vision. The first projects
involve business and solution development in the fields of cutting processing and press forming, and the article
also discusses the reasons for these fields and the co-creation process. Additionally, the article discusses the
possibility of synergistic effects for KOBELCO's existing business model transformation and DX promotion.
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August 22, 2024

Kobe Steel, Ltd.
Technical Development Group

RE: Delivery of R&D Kobe Steel Engineering Reports, Vol.73, No.1

Dear Sir or Madam,
We would like to express our sincere gratitude for your continued support and cooperation.
Attached please find Vol.73, No. 1 of the R&D Kobe Steel Engineering Reports.
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Best wishes for your continued success,
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FAX: +81-78-261-7843

E-mail: rd-office@kobelco.com

Change Notification

Before change After change

Company
name

Department

Address

Address

. No. <« (Please fill in the right lower number on the address sticker)
sticker number

Remarks

Person makin
. ¢ Name : E-mail :
this entry




