%&£ : KOBELCOD YT U7 T« EMERIE %X A 5210 0 7 HiiT

ReD Rl

Vol. 72, No. 2 /Jan. 2024 ﬁ%249%

1 (%85 KOBELCOO~T ) 7Y 7 4 EAMEAINE %2 A2 52103 75l D BTN & 72 5 T
i I
3 (#3) KOBELCOZIIL—7DrY — 2SN OEWNE XA 5 3 7350 T
8 (W) e -RODEFEBOLD - OO DICHBNT 5 o 7l Iy 2 B
13 (@3 KRADV ) 22— g VL T 7 Hl Bl HE
17 @3 RMRTBOE DD 0 ALK A BIEM - §5xE - A FR A
23 (st BB IAEY ORI A2 FO 72 S5 FErE R o Al JEST R
28 (@) BE - WO TERBE 4L R &3 A2 2 W EM ORI E RS 2 4@ ALk Fe o ERESS
33 (wat) AR AR ORIENC XD RAe - RO SIZEENY 5 S hE 2w
RIEET - NBHG - 0% 3K - ESREIR - Ceierst
38 (3 KOBELCODE TR EE R B i PR - BRRTCRE - STt
43 (W)  FEMBAR AL Z BT R — L OYE B R HIPIHGHE - FIBF 40 - FPERL - ZRFS
48 (#3) KOBELCODE DL 0 %% Z A& el EFNGRT - BA B - 5 5 - Sk
55 (a0 FL2ORE - OIZEBNT A RE - MR B 5 Tl - BT
PO - EE R - ERHEA
58 (3 [EFPICREICZE U TCHERLS SO 2829 ) IRE) - & - BI00RHE O I
W= - W - R
64 () ) — U EBUCENT 2 EFE S u v 2 L EL A 2 B ER - KR
Kb - R 56 - BILAISE - RIS
68 (at) LN REEIET B DD D —&@E N T —
B - RS - MACSER - RIS - LA K
74 (mE) BB A2 SRS - SRERICERD BT ICEHENT 2R - Uy
GIRALN - WA - AR - bk AT
79 (@3 LT B E DO DAL Z B 7 av 2l
BFEAISE - TL0 i SRR - WIER] - DA
84 (EH) M (20D | 23V bu—I$ 37005 EYE R (OREH)
MR - MG - E AR - JEREA
89 (3 A& EBITRET ST — 2EEEE - AlOR Frile 58 - RORAEAT - Kl fd]
94 (E) YU ZETTAEFEFEBUIEET 5 Y — & 2Ll =B
98 (3 VAR T HEANORYE & ek WAL
105 (a0 SEICHBELERAN AL 72270 — VSO K EE=t
10 (#at) Y AT F TN OFEBE L 2 5 W0 - it sOe s TR
116 (#a) CNALESEBUZEBRT S 7 —K v ) v — ZdEi - FI T KT B REHEE - B REH
121 P EIGRAREE KOBELCOD~ TV 7 ) 7 4 S AlifEANE 4 5% 2 5210 2 7 HifhiEa
Mh—E 2 (Vol.62, No.2 ~Vol.72, No.1)
126 SR - e T



"R&D" Kobe Steel Engineering Reports, Vol. 72, No.2 (Jan. 2024)

(FEATURE) 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

1

3

23

28

33

38

43

48

53

58

64

68

74

79

84

89

94

98

105

110

116

121

21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation
Yuichiro GOTO

Core Technologies Supporting Kobelco Group’s Contributions to Green Society
Dr. Tetsushi DEURA

Core Technologies Ensuring Safety and Security in Community Development and Manufacturing
Yoshitomi OKAZAKI

Kobelco Group’s Core Technologies: Providing Solutions for Future Society
Dr. Katsura KAJIHARA

Melting, Casting, and Welding Technologies Supporting the Art of Manufacturing in Materials Business
Dr. Hitoshi ISHIDA

Creation of High-Reliability Products Using Technology for Controlling Inclusions in Metals
Takero ADACHI

Metallographic Structure Control Technology Contributing to Development of New Metallic Materials to Meet
Social Demands
Dr. Toshio MURAKAMI

Metal Surface Control Technology Contributing to Safe and Secure Society through the Creation of Highly
Functional Surfaces
Dr. Mikako TAKEDA -+ Takahiro OZAWA - Dr. Makoto KAWAMORI - Dr. Yusuke TAKAHASHI « Toshiki SATO

Development of Functional Electronic Materials at KOBELCO
Yuki TAUCHI - Dr. Mototaka OCHI « Dr. Toshihiro KUGIMIYA

Atomic-scale Physical Analysis for Material Development
Yuki TAUCHI - Dr. Aya HINO * Dr. Yuya MURATA - Shinya MORITA

Advanced Measurement Technology Supporting KOBELCO’s Manufacturing
Naokazu SAKODA * Akira OKAMOTO - Tsuyoshi ASHIDA - Kota KUWANA

Predictive and Evaluative Technologies Based on Structural Mechanics and Strength of Materials for Structural
Failures to the Safety of Society

Dr. Junya NAITO - Dr. Keisuke OKITA - Dr. Yasuhito TAKASHIMA
Technology to Control Vibration, Noise, and Dynamics Characteristics for Quiet, Safe, and Efficient Machinery

Dr. Zenzo YAMAGUCHI - Dr. Toru OKADA - Dr. Naoki SUGANO
Thermal and Fluid Control Technologies Supporting Production Processes and Products to Realize Green
Society

Dr. Haeyang PAK - Dr. Ryo FUJISAWA - Dr. Kazuhide SEKIYAMA - Dr. Yusuke SHIGETO

Manufacturing Technology Delivering Safety to Society. Metal Processing Technology

Dr. Koichi AKAZAWA - Dr. Yasuyuki FUJII - Dr. Hideki KAKIMOTO - Noriyasu YOSHIOKA - Yuya YAMAMOTO
Electric and Magnetic Control Technology for Manipulating Machinery Products with High Precision and
Efficiency, Contributing to Energy Savings

Yasuaki TERAO - Dr. Hiroaki KAWAI + Shinya MORITA + Shumpei HAYASHI

Process Control Supporting Ever-changing Manufacturing
Dr. Tomoyuki MAEDA - Dr. Toru EGUCHI - Taketsugu OSAKA - Dr. Hiroshi NARAZAKI - Kazufumi KAMO

Decision Support Technology for Controlling Complex Manufacturing (Operations Research Technology)
Hideo IKEDA * Dr. Toyohisa UMEDA - Dr. Toshiharu IWATANI + Rihito IZUTSU

Application Technologies of Data-driven Science and Al that Evolve Alongside Humans
Ryo KATAYAMA - Dr. Nobuyuki TOMOCHIKA - Dr. Hiroshi NARAZAKI

Servicing Technology Contributing to the Realization of Business Model Transformation
Youichirou SOU

Development and Practical Applications of Welding Core Technologies
Dr. Hiroyuki SHIMIZU

Utilizing Reduced-Iron Manufacturing Technology to Contribute to Green Society
Shourin OH

Adsorptive Separation and Catalytic Reaction: Indispensable Technologies for Sustainable Society
Dr. Takayasu FUJIURA

Carbon Resource Conversion and Application Technology Contributing to Realization of Carbon-neutral Society
Shigeru KINOSHITA * Takahiro SHISHIDO - Koji SAKAI

Papers on Advanced Technologies for 21 Core Technologies Supporting KOBELCQO’s Materiality and Value
Creation in R&D Kobe Steel Engineering Reports (Vol.62, No.2 ~Vol.72, No. 1)



W45 : KOBELCODY 777« ¢MifBAIEE X 7521 DIAT i

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

(&IS)

KOBELCOD~YF U7 T« LlifERIEEX A D
21D AT EWNHFEDHETICH > T

REE—EB
PITRE B AR

21 Core Technologies Supporting KOBELCO’s Materiality and

Value Creation
Yuichiro GOTO

Wt 7V — T 1X19054F DB LR1204E 0 < DIER %
HWLT, ZHLHFEHNTHARSBERO = — %2
T OHIEEB % U TR > -2 Mk Bl 2 A L C
BY, 20144EFEMHBARBIIBNTENL Z21D T TH,
e LTHEL, Mea RFERES BEROREMR I
WHLOOEML TE e Utk — 713 K& S FEMR
¥, MRS, BIFEO=o0FE LI AV M E
HTH08ETHY, 210TT7HEMEIIO=Z2oDL T A ¥
N CTOWEE D HIRE L 228z, 025 DITtRS
HHOHMBED S S, Z 0@ HEPHIE L4270 — T
MICBITHENEARRLD DOV IFEDHAA, “KINL
A—NDOBRERICBITLBEOMRICBLELAEL D
5o ZTD72, TOEMIILL BEMKIZH TRA L&D
5, MWD aIa=r—3ary—NVELTHESEL
T&7z, (B1)

P OEIIRE CTL L, FMBHEEEIZR > T
b0 THOL7HT, ZICEE LRSI THS N
52 LB, MBICBTLELOEEIR MR g oR
B EZ 72372010, YTV —TIE (R4 - %
DTEPRES LOPRT, GERRONLDVPERLHLEE
MRS NBMR] ZKOBELCODFEB L7zwREE L
T 2 BUAE DR 2 20204E 12HlE L7z S 51
20214 5 HIZIEFRRE T RE 2 ik X 0 FBUC T, HE&HE
DIFPERHT 7= 7 A AEAN 3% % 3 U TIPS 2 fEfR LoD
BERICR R L, RN 2 &M L2 B 72012
LN = THWMY) MEREEEREEL LT, o0~
FTUTVTAEBFELAR L, o0 T )T ) T4

EZES B
A_S & (™) Y o~ == AR E =
0] s & ) C6d & o 1 ©
< e &) (esid = =, I = <+ 0 ==
H=HAY=-2 it i TEEAN=T Ly A TRAHIE H=HAY-Z MR
i FURRR B TR BOBHONEEE TN =l - RN i1
2 <> fhie L 43
r & Rez3 &k
REHNT R BEFME - REORR - ST AN - S SRR
pliloti T 1 W BRI JutasE S
5 g : AN <>
=l 8 e e @ O
MWEMOTR . PR BF R R BTIREGEIENT RSN ST
ROl Bk R D E
(A o
() 6 L4

A BRI

S e %-‘ - =

AHEFTOSMIEE  JOERSENR Y-ERALHI OR GRS 55 TSR AR
it R

1 2102 7 il
Fig.1 21 Core technologies

1, SO OMERIERR, o O AR O B
ORI, (K2)

AR, 209 b ELIZEDDOMEAEHEETH 5
[7) = VHE~NOEBK], [®4E - ZLkhEbEoD -
LD DAOEM], [TANEHMTRIRKR~ADV Y 2
—Ya ] oFREFRIIBWT, 2loa THiAE
DI EN, LX) LWEEZH DD, BE
H2IELOZ L DF A IV —T% S HI2Hl->Tw
127K 2D DRARELTE LD/ DTH 5,

Wtk — 7, HAW O Z EMH O 9 BICHAED
HEOFME R HELRLAIIS BIF72BERDH 5,
Wb W B FEDRMIE ) LML TIE R, TORRD
MR 2 VIR - SHEmRe, M- T -
FE o IEBEE, EERW G SRS FHER
WALHLL TWhole TNHIIBKOHARIZE > THE
LB THY, EEAKEWE SNDLH5HETLH -7,
AP OHEOFEHIMLEINSL Z EARD LN TV
9, EIPNHEOCERTIZ NS b R 72. DI BAE
WZHFNATBY, T - B - BHOZK5E T4
— TS B A - B - - AR YT T
RO DOPBETHEL , BERIHASEIZ DL
Do TWh,

EORWHHEA VT IREEDOEBEE T2 DFEMR

MateFiality

KOBELCO

4 II—TD
mEasEs N U7
BRI

€ €

\ |1
ET LI D) ﬁﬁ%ﬁ‘aﬁm
TEHUEE HINT Y AD3ER

2 KOBELCOZ V—7D<FYT T4
Fig. 2 Materiality of the KOBELCO group

RsD =7 8115/ Vol. 72 No. 2 (Jan. 2024) 1



BWMAKPTHL7-0, BEEGELTHEYHIZBIE
Lawas, BERfE s L ComWEIMER TERGE L
TBEMRIHRET 2720 0FE W2 L0582 3
HIZRD BNz, S HICEBRIZEN S A Z T 5
DI BEHOBEZONTRBEHOTY; - 74—V T
HY, EMOMNHRL RN TAARZ VY 2= 3
Y, BWMBEEORE - A VT F AR V-
DB E BEARDEFERM & OMTEL 284 ZiE%
BT B0V ) 2 —3 5 UL Shiz, Yt
V—THBIERAE T 5 a3 T HNE, 29 LaSbidtsa
BT L [EHOMR| ~o@fz@LReh, HF
NTELZDORERZ TS,

COENITHU TN =T HRREEHEEECCE L, [E
HAOWF] 2HEERE REDFIN, ZOEAIZHSE
L Tw5b, —2 [EmiEmoiR], ot
Z OHAAE TR L 2B H il o B £ 35 50,
HHIC Lo TERTELHHDBEI DRELED-TE
720 FLTCIEREEO AR |, Z ot R4 2k~
DBEMPELENOMRTEA L SN L REFEHMEZ
Vo ZARIZBWT TS, HAFIIBI 2 ARt ok
Fe ] REVEICEE N 2 BT AHMEBICTH %, E DT, TVF
WRALZ EHHMIC L %D DD ) OIEARMEAL % Al
fEBlE 35 [Tae RAEEOMR |, T IIE 5K ESE
WL EHRBENLD, DI YT ab A%
ERDLOOL WV ORHEEELSELE2TTRL, EVR
AETNZDLDIZHIELSWELZBLIILHEDO TS,
(E3)

7272, ZH LI RELREOFTHEILTH S LD
NBDIL, Jeimsis, FeinliEltk, 7utvAZHE L v
TAGEBIL NV TOREREETH->TEI XD, WM
WIZEH o R OMEE, 3 7% b BREEN B ERE
B LD TELNE, Lo flifiBie b
FNEMEPZODIZ LT RIZHAITIRT TV 2RI
LW, EWwWHZEThb, TOXDLY OB|IET, Kx
BEBRMRAARNI NS D X 0K E B CLHIEHIC
fibhd, ZNTLIE L DOBEMKR, L EML

N

(OF 73571 3] @RI LD
iz - BEelH BEDIKDDIRARIHESL
Skt OEAZEE
ODitFR ) Dt
ISEaEeE
otR |/
@YTSAFI—2¢ GIEHFEH -CN
ERU T MEaH . HEADEEHR
\ e Y,

3 HAWEOREIIIO 4D % 4 > OffifiE Bl
Fig.3 Four values that lead to solving social issues

WO FIZ B A EHI2 kN L Z L IETE RV, Ih
DO A FMEIIRKD SNEDE, HHICE-TEINE
F LWwikimsie, BV A 7 VRLCNZIZ Lo &7
DETREE O, 70 A DR & W2 9E o1
RIZEDT T e TEED, Fhothzxzl AR
HIENTELLHIZ, EHOMRELELSE TV Z
LS TEDLH, ZOMBEEEMBDIZLEEZ D, BR
RHZOFEOPIIHZBE X 2055, 2103 7 H % #
EbtE, WORICHEAET S XD ILH RPN L o LAl
BLTENZ LoD EEZTVEL N,

AHFETIE, FEHOMR, SLumBdli oMy, Rl iE
ottt T ab AEEOHYL L v ) HSHE ORI
DR LMODfEROFCE Fh, RENICIEFER
HRICERZ &Y, S Vv—Tm21na 7
Pz L7, €L C2QloaT7HMiehenhss, &
? & 9 ICKOBELCOZ 8T 2 il Al % i » = >~ 7
VT )T AIEZDBRPBoTNDLDN, TODORNP)DEL
NP BICOVWTREZED T LD, BEEZIILD
BREMULLEH (X72A) ORWIEREZWE L
EHIT, ARUFEDS, FAETIIHGHAOZER LIS, 2
o0 XY RELHSTFEOMICINTF, RAT—7 K
N DERERFTEEED D I2OD—WE i NTH
%o

2 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 2 (Jan. 2024)



WS

- KOBELCO D~ 77T 1L fifERIE: S 3 21 DT i

(fift35¢)

F 2D E=20154, COP21T/%Y fihE D,

KOBELCO JIW—T DT ) - HENDEBREXA537
Fi i

HUEHE SR * T (e (r)

Core Technologies Supporting Kobelco Group’s Contributions to Green
Society
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Abstract

Throughout its diverse business activities spanning materials, machinery, and electric power supply, the
Kobelco Group has offered a wide range of technologies, products, and services that contribute to a green
society. In pursuit of the challenges of achieving carbon neutrality by 2050, the Kobelco Group is actively
engaged in creating unique CO, reduction solutions by leveraging and combining the core technologies it has
cultivated over time.
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Core Technologies Ensuring Safety and Security in Community
Development and Manufacturing
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Abstract

The Kobelco Group has been consistently providing materials and key components that support industries in
the transportation sector, life sector, and energy-infrastructure sector. These core technologies were acquired
by Kobe Steel during its early years when it ventured into diverse areas like materials and machinery. They
were developed to address a wide range of needs across various fields and are unique to the Kobelco Group.
The Group is committed to further enhancing these core technologies, with the aim of supporting the creation
of products that are fundamental to our daily lives. This commitment ensures the safety and security of
our communities by providing stable energy supplies to local societies. Additionally, the Kobelco Group will
contribute to improved safety and productivity within our manufacturing facilities and at its customers’ sites.
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FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation
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span a variety of technology fields
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Kobelco Group’s Core Technologies: Providing Solutions for Future
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Abstract

Kobelco Group is dedicated to providing solutions for current and future societal challenges. In pursuit of
achieving carbon neutrality, the Group is advancing proposals for materials and solutions that contribute
to weight reduction and electrification in the automotive sector. Additionally, to address concerns about
maintaining and strengthening Monozukuri (manufacturing) capabilities in the face of Japan's declining labor
force in the future, the Group is also developing welding systems and digitization to complement the skills of
workers. These activities are based on a diverse range of core technologies that Kobe Steel has cultivated in its

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

material and machinery businesses and their combination over the years.

BRERAX-T7—-F

AL, EEL, BHEIVATA, FYSME booL)

FAPE=CNIETHLREATHIT LI LIINEETH -
72, BRI EE B9 7201021, fk4 2 ke
DI BHRKEMEL T, ZIITHIEL TWhRiFid
BV FRITEZ ML, BECHEE->TBY
BRI L O BRI 5 A 2 S SR IT L B KE
DOFFERTIEOIC X 5 Ekfah, Em LA X 2 E
WL EOMEN IO — T v TERTWAS, TNEZ
i, ZOERFETH HIRBRNEA A 2 LIRS ZH0
I WbWb [H—FKr=a2—bI ML) ~MlfEEAE
HMICHI L T b, T A0 E oD, 1
e, BHCBIETROIMANLEERNTFTH L, it
BRI, ALHEINC X 2 KL B ORI 2 & O ME)S
Hmll o TV DD, HATIE, ALRA &4 Bl
XK BB OBE LW LY, ETORENRGTT
THEOFHRMEIBEINTWD, TN X D1
OWMEFEREL R REREOLIZ, BRI VIED T
WALHEARETH D, VW olE) T, HEROHAMDOEET
FFHUTE R, BEEABWIIEERELTWL [27 AR
ATVl T uT—] LIRS BEH e H A T
W& TR DB TWE, ALARE, VR, =
Farva—%, WS, BERERE, MERAR Y

TG e BB LA R FEEIEAT VD, TNHDOH
B AR G Lo ML N, B Fio k)
WWIEH SN BN ED L) BB RD0h, BRELT
W ZEDPRETH B,

YN =TT, INHRELREBLE TR A
FOHEHHIHIE LTV 72012, Eofibhiise
BEMEZOI2E DD ) OZALITHIG L 72 HhE % 41t
HITINZ T, ZoKiEE BEAOENRLEE 7T £ 2
DOEFIKRIGTH T 57200 [V) 2—va v &
L TR MALEDT VD, ZOWRBELRLD
X, FMR, BEROSFHEFBTREEFEL &%
M- ZRea7EMchh), Thoz#Hiiabesr e
PN OLoTD, # - 7TV - F 52 -4l - &
HM B 7 & OFMRBA, BESEVEAL - AR - BEELRERL
% EOMSREAN, LT, FhEhofEOREIY;
EXRATVDE LD DB H L. MAT, IThHH
MR 2 BEATHRITEHA L TWwz72< 720
2, PREBRERED O AN, Bl Y RICELZEREOR
ST 5 [V a—Yary] i2onThiftiziEd T
&7z ARTiZ, ThETOVY 22— 3 VIKEIOFH
ERFICHTEZICOWTHBT S (E1),

UEMBSE AT V) 2= a vy v —

RsD #7842 /Vol. 72 No. 2 (Jan. 2024) 13



Core technologies Core technologies

Business for product development for Monozukuri

Social issues to be solved

Solutions for customers in the future

4 Metallographic
structure control
@ Metal working
process
4 Structural
deformation and
breakdown evaluation
4 Atomic-level analysis

4 Operations
research (OR)
application

@ Data science and
Al technology

and evaluation application
@ Functional electric & Servici
materials ervicing
@ Magnetic propert;
con%rol property @ Measurement
- & Welding mechanism unde}' Aspe(:lal
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@ Machine vibration,
. : @ Process control
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@ Electric control
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B Measures against
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B Manufacturing
’I Welding system | industry’s
international
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Fig.1 Providing solutions for the future society by Kobelco Group’s core technologies
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Abstract

Melting, casting, and welding are essential core technologies that support the art of manufacturing in the
Kobelco Group’s diverse materials businesses. Technological development has been promoted, considering
the unique characteristics of each field: steel, aluminum, copper, cast & forged steel, titanium, and welding. In
recent years, there has been a degradation in the quality of raw materials, leading to rapid demand for the
expanded use of recycled materials from the perspective of CO, reduction and resource circulation. Numerous
technologies are currently being developed with the aim of achieving carbon neutrality in the future. This
article introduces the progress and future efforts related to melting, casting, and welding technologies in each

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

materials business.
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Creation of High-Reliability Products Using Technology for
Controlling Inclusions in Metals
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Abstract

The term “inclusions” refers to substances that are generated or mixed into metals during metal manufacturing
processes, and their control is an essential factor in determining the material's properties. Inclusion control
technology can be broadly categorized into three types: technology for thoroughly removing inclusions to
enhance metal purity, technology for controlling inclusions to render their properties harmless, and technology
for controlling the morphology and dispersion of inclusions for utilization. These technologies contribute to
ensuring material stability and productivity in manufacturing processes and promote the utilization of by-
products by applying them to mineral phase control of the by-products in metal manufacturing processes,
thereby contributing to the advancement of by-product resource utilization and the establishment of a green
society. This paper provides an overview of the history of the development and future prospects of these

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

technologies, focusing on product lines representative of Kobe Steel.
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Fig.3 Fracture surface of fine wire starting from TiN

RsD #7842 /Vol. 72 No. 2 (Jan. 2024) 25



3. NEMOEREN - Filtk, BEMH, REIH

A 1E 1986 47 (el 1T ELER I CIEAR T35 % ) S &
EMR, B, BR (290 x9)), TARVF—, EHE
Bl &\ o 7240 RIS B £ R iR IE S 2 R L T
bo EHIHITFEEFRICB O TEEEA IS X ) BEEW I
D EFoNnsZERNNTHY, fila A MR, L
B O 72012, KABBIRITHIG T & 2 JEHMR AR D
bNb, BEAFEL (HAZ) TIEABIZ X DR
ZALL T (CAEW) DMETF T2 & v ) MBI L
AT (A AEW) T A TiN % B L <
M &2 3 5 KST (Kobe Super Toughness) WLBH7% $
Mok e UCTESIRZ #BE L CE 7 MboFy B
X OERKEO M IEALIC X 1 TiIN % SiH4 i 1 foi o5k
s, WK TERNE 2 54— X754 MR RALZ H
3562 EDNTEX5, MATHMLTIE, 50k]/mm % &
2 BRABEHIC B VT TINGBHI RO BLEER & 72 %
07 x4 MRERERIFEILT 258 a NI LD,
B4 DL B RABEREIIB T TIN TR %K
WL, ol EE T E BIERE M ORI LT
V‘%)IZ)O

WolT), MHIIBHT A Y OREE X RS D T4
T TWb, BHEITAYOLRPTHF ¥ =% (TiO,) &H
W27 5y 2 AAD T A Y (FCW) & aB8msli
BB RIFE W EZALTEBY, S - BRSE TR
CHOWHLNRTWD, LALEDS, —HNTF ¥ =Y5%
FCWiEV Y v K74 Y& R TEREIVEZ T L,
BHIFICENDRAE LR T VE VI FHHEHE LTz,

Z OEEE N T 572002, EHRTH R
TINNEW % RIGERAER OB E LTIERA L, BEFEEE
ZAERE»SFMBICER SIS FEIAMESINLTY
5o L2L, TINZAKIEL7-OICERREELRD
L, BRI ARKOGILKIEATFEAE LR TV E W) -
AHE U 5720, TIN DA OBRALY) ST % 16 H L 725
WEMET Lo ZORE, TiO, % &AL H IS H L
THREHNEZEZUHETELIEPHL AR, #
g R B L 72"

IS, EW R ARG L7220 & U CHEIR A%

Conventional Ti/N ratio and & zone controled
TR RN iy e JTETAe ¥

‘@ 3 :
5 , -
=3 7 -
i "-._".*_..' :
B T
» i ( -
. "-‘ = ’
S R
e p L
e v .
déZij[n §d =10 nm -100_nm

4 TINGEOEREICKIZT TI/NNT VA, BEG D
Fig.4 Influences of Ti/N ratio and alloying elements on dispersion
of TiN particles

FoND PRI SR 2 SR S5 ST,
FAEE ORI LAER I N D Z L SHHIENEE L
b WHITEDUWHIZPO DRMB AR TH HHY, B
BAOHAMAKEV, 22T, MnS %2 K% - Rik1L LT
PSS 5 2 & TGS AR 2Ny T v
IIEFA P ELTIEAT A a7 N oM EERE 24T
W, Pb7 U —HEIS O BIFEIK I LT B,

bl U722 iGN & B A o o X 912,
CHDSDORITRO SN AMEIH LT, FEHRE
NTOLWATEWIC X 2SR SN RN D
FTicEZONL, TNE THRRTEAFEWHIENIE,
Z LA HEE BRI, HRIE L2
TR A FEHT A2 LT, HENOAIBICEMTE
BiTd 5o

4. NEYHEEMORFRELE

BB P REMANZELE, »—Kr=a2—}
TV 7 b NG R BRIAL S~ OFRIE I 1)V T CO, 8%
FCTHIHBERTCEEREA T Ty TELEMITE HE
iR, M8, 7O 2 EMBLTNWCIETHL,
DL, SMPOMNTEWIZEER 70 212 &5 TEL
5720, BEOZEIIG U THED ORELZWHS %
7= OHIEEAM DL %0 5o

FHEEM OB 251, BIZIETAZ Ty FITE TN
bR LW Cu, Sn EDTTHE (T YT L AV b))
e MR 2 Bl 2SS S A, 0 TR 2 50K
BZIFANLIENTEDL L) D,

K512, AP R TSR H R - A R
DALEW 2 RIF SR HME D VR BD, ZONLRZEH
WEEM TH DB AT 7T L2 LT, AT 70HE
WAL AEZD 2 (SRR ARIEAN | 1R EEB 2 s
T& 5, BlzIE, BMA T 7 OHETH HEBEMIZBT
LRI OB T, WikED SR THEWHOREEIC
FOBBEDERLIRT FREBTRTH LY, F
7z, Ut R T 7o Cadr & FIH LT CO, % CaCO, ji
B & LCHEE b L, COHIE Ca DT &IFLZATH
CCUSHMIZHIMY ATV EHY, o7t 2ol
BMTRICBVWTCaa LR T VWAT 72 #/ET S
72O BRI E EZ SN D, Doz L
Mo, MEWHEERIEY — Ky =2 — IV TFICBIT
DS REE, 7 & ONCREIPEY & IRAG B O It o U5
WZHG T2 ENTE, FMOBEEDOAL ST R
TUVTVTA [7)—=HENOERK] 1I2b# L TWwL
FMiTHLENVR S,

AR, AR TSI BT 2 e BB 12O v
TR L7, Shbisbicr vz, i, 7>, <7 %
VAR EDEHRFEMER D BNV —TIZB VT,
REAME, FEMOMEEBEL S SIITE BB IS
LaDSEEN) A4 7 VEfEL T THEODED
L b EEREMTH B REMEZHIC, MtV —TF
DYFTV—%FHEL TV ET, BOERIZE L7
SREGFEMRGORIME 7)) — VA ORSEICETR#R L T
AR

26 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 2 (Jan. 2024)



ETC=MHHEICBVTIE, 2EZOHM T2 TIN
RO L 912, SREEBILEERIZE Y, TERICIE 2D
o 7MDK A L AT B o BRI B B AEW I
Mitk, Hi7z B BEAEAL S 5 72 NS 2 DA FEWRIR %
BELl7zh, ERARZ P70 %FMTESLLHIC
L7ch &, RECDELBFED %0 THEMIZELL T
oo ZOZENRUMOF ) -y VEGE L Z HEE
MO DR DT> TV b,

SHLN—Ry =2 - b I VRKEMER E, AR
B2 DA PR WA RN RO S N BB K X L) T
HENDL, TN D ARRE Tl FE Wl - % #%
(2, KOBELCO % & Tl O Hi7z e bkt ik h 52
ETHEADRBICHEML T,

© 00 N O Ul
e — — — —

— = =
L U i =)

—

(3]

—_
(=3}

% £ X W

RS 2>, R&DANT #AFER. 2009, Vol.59, No.1, p.94-97.
KHEH T2 R&D M8 . 2011, Vol61, No.1, p.98-101.
(k) # T SR, ARIEH— (2. 0 O CaO B F ATEW D537 7
. 455H2002-340885. 2002-11-27.

ViR I, 4ERR . 2004, Vol.s3, p.17.

o ] T, R&DAT B8 k. 2006, Vol.56, No.1, p.40-43.
KAEZ. R&DAF#81E . 2000, Vol.50, No.3, p.27-30.
TG E A, R&DAN TS E k. 1998, Vol48, No.3, p.72-76.

& R 13 2. CAMP-ISI]. 1995, Vol8, No.1, p.186.

A (22>, CAMP-ISI]. 2003, Vol.16, No4, p.840.
ARAMERIZ 2. R&DAT H0H:H. 2004, Vol.54, No.3, p.25-28.
B4 S35 R&DAMTEE k. 2021, Vol.71, No.l, p.70-75.

K BAGIE 2. R&DANF B3R, 2009, Vol.59, No.1, p.40-45.
BARIEREHZ A, R&DANT #4885 . 2013, Vol.63, No.1, p.32-36.
WA —13 7. R&DANA BBk, 2006, Vol.56, No.3, p.35-39.

1 & R3EWRIZ 2. CAMP-ISI]. 2020, Vol.33, No.2, p.520.

i % K3EIT ). Journal of the Society of Inorganic Materials.
2023, Vol.30, No.423, p.47-52.

RsD #7842 /Vol. 72 No. 2 (Jan. 2024) 27



WS

- KOBELCO D~ 7771 LfifERNIE,: S 75 21 DT i

(fiE350)

TE ROCTHBRRREHSIE XA 2BV OEIH
CRBNY % &R E RN

FERE* qer )

o

Al

Metallographic Structure Control Technology Contributing to
Development of New Metallic Materials to Meet Social Demands
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Abstract

Kobe Steel, as a comprehensive manufacturer of metal materials, has been advancing the refinement of
metallographic structure control technology as a fundamental technology to enhance the performance of various
metal materials, including steel, aluminum alloys, copper alloys, titanium alloys, and welding materials, in order to
meet the diverse demands of society. This paper presents examples of the company's initiatives: the development
of ultra-high-strength steel and aluminum alloys for automotive applications as part of its efforts towards weight-
reduction solutions that contribute to a sustainable society, and the development of thick steel plates and welding
materials, working toward the creation of safe and secure communities. These examples serve to showcase the
application of the metallographic structure control technology. Furthermore, the paper discusses the future

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

direction of this technology as an effective response to anticipated significant societal changes.
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Metal Surface Control Technology Contributing to Safe and
Secure Society through the Creation of Highly Functional Surfaces
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Abstract

In order to achieve a safe and secure society, various challenges exist, such as extending the lifespan of
infrastructure, environmental & energy facilities that use metallic materials, and achieving both reduced
environmental impact and enhanced safety of automobiles. Addressing these challenges requires overcoming
corrosion and hydrogen-embrittlement occurring on material surfaces, and metallic materials with excellent
corrosion and hydrogen-embrittlement resistance are highly sought after. Meanwhile, surface treatment
technologies that provide functions such as corrosion resistance, wear resistance, and antibacterial properties to
material surfaces play a crucial role in responding to diversified and sophisticated needs for metallic materials.
This paper introduces the “Metal Surface Control Technology,” which creates highly functional surfaces
through the control of metal surface reactions; and discusses examples of initiatives utilizing this technology to
contribute to a safe and secure society.
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Development of Functional Electronic Materials at KOBELCO

Yuki TAUCHI + Dr. Mototaka OCHI + Dr. Toshihiro KUGIMIYA
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Abstract

To enhance the performance of expanding electronic devices, maximizing the functionality of electronic
materials is crucial. Hence, when developing these materials, it is essential to consider the device manufacturing
process and device structure. Kobe Steel has thus been simultaneously advancing the construction of
manufacturing processes and device evaluation technology. In the development of oxide semiconductor
materials, Kobe Steel has not only conducted electronic evaluations of individual materials, but has also
proceeded with the creation and evaluation of thin-film transistors, revealing the correlation between device
characteristics and material properties. Furthermore, in the development of recording films for optical disks,
Kobe Steel has conducted recorded signal evaluations in conjunction with materials development. This paper
explains the essential technologies for developing electronic materials that customers and users can confidently
rely on.
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FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation
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Fig.1 Kobe Steel's R&D process for electronics material and technology
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Fig.2 Example of PITS analysis”" ', a) test element for PITS, b) comparison of PITS result with different test element fabrication processes,

¢) band structure diagram deduced from PITS analysis
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Fig.3 Example of test element design for TFT evaluation, a) sectional structure of TFT, b) test element for TFT evaluation on 6-inch glass,

¢) Optical microscope image of TFT

1.0E-02

a 1.06-04 b C _
) 1.0E-06 ) )‘ Sn-doped
2
Sn-free ="
1.0E-10
16zt
1.0E-14 (WL 3'OE_10 =
-3 -20 -10 0 10 20 30
Ve 2.5E-10 |
L0602 - 20810 | P2) Zn-deficiency
108-04 S k0 | P2 P3) H-related
Sn-doped o0 2
IGZTO % 1.0E-08 1.0E-10
s n-dope -
1.0E-10 5.0E-11 ¢ H Sn-free
1.0E-12 P3
014 0.0E+00 .
30 20 -10 V;’W 1020 %0 70 120 170 220 270 320

Temperature (K)

4 VALASBZE L 72 Sn-doped IGZTO D4, a) #E ~ 5 >~ ¥ 2 & OZHEME RS E (£ Sn-free, T3 Sn-doped), b) PITS M1,

) PITSf#NT 2~ 5153 5 2 - IRE

Fig.4 Transfer characteristic of KOBELCO’s Sn-doped IGZTO TFTs, a)NBITS test (upper: Sn-free, lower: Sn-doped IGZTO), b) PITS analysis
(blue: Sn-ree, red: Sn-doped IGZTO), ¢) Band structure diagram of IGZTO deduced from PITS
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Atomic-scale Physical Analysis for Material Development
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Abstract

In the pursuit of realizing a safe and secure society and advancing toward a green society through the
development of metallic materials, it is essential to achieve higher strength and corrosion resistance by
controlling the microstructure. This control has been miniaturized to the atomic scale. Observing microstructure
is key to expressing desired properties, and observing and measuring at the atomic level is required. As part of
Kobe Steel’s efforts to enable these capabilities, the company has been utilizing techniques such as synchrotron
radiation X-ray, three-dimensional atom probes, soft X-ray emission spectroscopy, and energy-dispersive X-ray
spectroscopy using scanning transmission electron microscopes. Furthermore, Kobe Steel is also engaged in
microstructure prediction using first-principle calculations. Amidst the significant changes toward achieving
carbon neutrality enabled by these technologies, Kobe Steel will strive to support the development of next-

generation materials through its physical analysis techniques.
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Fig.1 Physical analysis which support KOBELCO’s core technology
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Table 1 Comparison of Grain boundary segregation I' reported in
this study and previous study on other research institutions

. Segregated
Reference Method Bulk material element I (atom/nm2)
This study STEM-EDS Fe P 0.7+0.1(30)
boron .
[18] STEM-EDS carbide Si 0.7£0.3(30)
[19] 3DAP Fe P 0.6+0.3(10)
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Abstract

Measurement technology is the cornerstone of science and manufacturing prowess. At Kobe Steel, a company
that supplies a wide range of critical components supporting the world’s infrastructure, measurement
technology has evolved through continuous challenges in ensuring stable product supply and quality
enhancement. It has become an essential foundational technology that supports the creation of safe and
sustainable products, contributing to the company’s unique development. In the future, the company will
continue to provide stable supplies of essential components and products that underpin society, meeting the
ever-increasing demands for quality, functionality, and performance. This paper also discusses the outlook for
measurement technology as Kobe Steel strives to achieve a sustainable society through challenges such as
carbon neutrality and manufacturing transformation.

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation
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Abstract

This paper explains, divided into the fields of structural mechanics and material strength, predictive and
evaluative technology related to the strength of structures and materials. This technology is one of the core
technologies that have contributed to ensuring and enhancing the performance, quality, and safety of final
products that utilize Kobe Steel's products and materials. In the field of structural mechanics, examples are
introduced that encompass collision evaluation technology and structural optimization technology, aiming to
balance weight reduction and collision safety in automobile body structures. Additionally, case studies are
presented regarding component proposals that incorporate an environmental impact reduction perspective, with
a view toward achieving a carbon-neutral society within the product’s lifecycle (LCA). In the field of material
strength, technology for deformation and microstructure prediction, as well as crack prediction, is introduced,
utilizing heat treatment simulations that consider metallurgical factors such as phase transformation. Furthermore,
case studies of efforts in the field of micromechanics, which bridge the connection between material structure
design and mechanical properties, are introduced. This provides a glimpse into the potential for creating new
material products with added value and the possibility of transforming manufacturing processes.
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Technology to Control Vibration, Noise, and Dynamics Characteristics
for Quiet, Safe, and Efficient Machinery
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Abstract

Machinery inevitably generates vibration and noise when in operation, and such vibration and noise must be
kept below a certain level to provide high-quality products and services. Since its inauguration, Kobe Steel has
been continuously working on developing "technology to control vibration, noise, and dynamics characteristics”
to address these challenges. This contribution extends beyond Kobe Steel's machinery products to include
stable operation in Kobe Steel's own factories and the resolving of challenges for users of Kobe Steel materials,
contributing to the realization of a broader, secure society. This paper provides an overview of the technology,
explaining the contributions made to society thus far, and offers a perspective on future contributions to a
green society, safety, and security in urban development, and manufacturing.
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Thermal and Fluid Control Technologies Supporting Production
Processes and Products to Realize Green Society
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By

CO M ED 7 ) — Y AERANOTHRICH - 2 B - JARTIBIEAN L, RISELLK, Bhe 2B 7 0t 2 28l JE
DR TRRELTE 2. TS OEMIIIRE), L¥US, RBABEHIBMICHKAE) 720, NBHR 2 HHES 5
72O DOWUHLR 70 b X & i LS 2 720 ORIENZE S TIE AR, CFDIZ X 2 BRSO T & 720 A

TTl, EIERICET T v FREIFPCL, Bk AA F0 X9 ZEESE M) AET o R, e— MRV TRHE
bR, RALERO &) BRI 31T B B - AR EIEAR O LB IOV THEA B Z OIS 5 & L biL, -

RYZa2— b7 VEBICNT 72IFROBEZI OV TR %,

Abstract

The thermal and fluid control technology contributing to a green society, such as CO, reduction, has, from
its beginning, evolved in various production processes and product development. These technologies involve
complex interactions of fluid dynamics, chemical reactions, and heat transfer behaviors. Therefore, using
visualization to aid in understanding the internal phenomena and control for process optimization is a not
straightforward task. Hence, thermal fluid analysis using computational fluid dynamics (CFD) has been
employed. This paper focuses on application examples, centering on the evolution of thermal and fluid control
technology in production processes involving high-temperature reactions such as those in direct-reduced iron
plants, pulverized coal injection (PCI) in blast furnaces and coal-fired boilers, as well as machinery products
like heat pumps, mixers, and vaporizers. Also provided is an explanation of the future prospects for achieving
carbon neutrality.
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Fig.2 Result of partially-filled simulation for mixer
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Manufacturing Technology Delivering Safety to Society. Metal
Processing Technology
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Abstract

KOBELCO Group’s metal materials and industrial machinery have played a significant role in supporting
people’s safe and secure lives. The manufacturing process of metal materials typically involves hot processes
such as “rolling” and “forging.” These processes shape the materials and enhance their performance and
quality. Additionally, high-precision shapes are achieved through “forming” and “cutting” processes. This paper
explains the core processing technologies that are indispensable in KOBELCO Group’s manufacturing, including
“rolling,” “forging,” “forming,” and “cutting.” It provides an overview of these core technologies, complemented
by descriptions of past technical developments and practical examples. Furthermore, it discusses new initiatives
that contribute to the innovation of manufacturing, which is essential for realizing a safer and more secure

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

society of the future.
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Abstract

KOBELCO Group’s electrical control technology and magnetic control technology have been nurtured alongside
the development of cutting-edge electronics and magnetic materials, such as semiconductors, magnetic
materials, and superconductors. These technologies have been instrumental in enhancing competitiveness and
promoting the development of new machinery products utilizing these materials. With the backdrop of carbon
neutrality, electrification, mainly in the transportation sector, is rapidly accelerating. In response to changing
demand, electric and magnetic control technology has become even more crucial. This paper provides an
overview of the KOBELCO group’s electrical control technology and magnetic control technology, along with

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

introducing various technical topics associated with each area.
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Abstract

This article reports on the advancement of process control technology that has been supporting the stable
operation and efficiency improvement of production facilities, processes, and plant products within the Kobelco
Group to accurately respond to the new needs of customers and changes in products and processes. Specifically,
it provides an overview of process control technology, touching upon its historical background and introduces
several recent cases. It also discusses the relationship between this technology and Kobelco Group’s materiality,
“Contributions to a Green Society,” and offers insights into the contributions to a future carbon-neutral society.
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Abstract

Kobe Steel has developed its unique decision support technology based on Operations Research (OR) to manage
quality, cost, and delivery (QCD) in complex manufacturing processes. In recent years, the scope of decision-
making in manufacturing has expanded from single factories to interconnected networks of companies within
supply chains, extending to considerations beyond QCD, including environmental impact. In such complex
business ecosystems, the importance of decision support technology, or OR, as a foundation for creating new
value has grown. This paper explains the foundational technologies that constitute decision support technology
and their roles in KOBELCO’s manufacturing processes. It also describes the value and possibilities offered by

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

decision support technology through solutions developed for actual manufacturing facilities.
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Abstract

The steel and metal processing industries, which demand precision manufacturing in harsh, high-temperature
environments, have a rich history of actively exploring advanced model-based control, sensing technology, and
communication technology. In recent years, the rapid progress in information and communication technology
has enabled the learning of extensive performance data and has advanced inference capability. This has paved
the way for the practical implementation of data-driven science, contributing to the development of Al systems
capable of accumulating both physical and operational knowledge and presenting it to individuals. As a result,
these AI mechanisms are now making their way into the manufacturing field. This paper delves into the recent
and remarkable transformations in the use of data-driven science and Al technologies at Kobe Steel, shedding
light on the collaborative relationship that has evolved between individuals and AI through these applications.
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Table 1 Changes in ICT application and our manufacturing

era 1980-1990 1990-2000

Key word of ICT Computer communications

Internet

Mobile phone
Digital camera

2000-2010 2010-2020

Broadband Smart phone
Cloud system

Bigdata, deep learning

Key word of Mass production High quality High quality and multi- Diversified added-value
manufacturing product low-volume product

at our company manufacturing

ICT applierd to our Process computer IT(Information technology) Data cooperation loT, Al

manufacturing and
product

Signal processing
Wireless communications

system Analysis bigdata

Image processing
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Abstract

Kobe Steel designs, manufactures, and sells custom-made, non-general-purpose industrial machinery and
plant equipment. These products are typically used in our customers manufacturing sites for 25 to 50 years.
Even after the sale, Kobe Steel has continued to provide support through various technology consultations
and cooperative assistance in all aspects of its customers' manufacturing endeavors, ranging from equipment
inspection and parts-replacement to overhauling, under the framework of after-sales services. The servicing
technology results from advancing After-Sales Service Business DX within the company. It aims to create a
platform that facilitates smooth and efficient communication and collaboration among stakeholders, including

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

customers, using ICT to establish an ecosystem as a new business model.

BREAX—T7—F

PESEREW, TSI N, AVTFF YA, F—N—F—, DX, ICT, 79y +7+—24, EVARZAETIN, TAVAT A

Fa2h &= [H—EXLEfT] ORERLE

Lt TlE, BEMOERE - BT 0 T, BEKO
bODLNEEFELTHRD, DAY LA FRIEN
HREERW LM T~ b (Ui, [EER] 2ER)
FRGHLE LG LTwD, Ihbid, BRI LI~
m— R BGEHMERRTH D, mEEE - BEEN - BREAs
ROLNLERMBETH B, —#IT25~504FEDM, BK
b oo YEB Wk SN L8N TH S 720,
WRBIIBWTDH, LRI OMHELBEKD L DO
D R BT Bk 4 AR R XS, [7 7
F—H—ER] L) BTIEZRTTE7,

BEBEDS— S — B AL T D DAY, Utk T 7 v —
P RUL, BRI AR DX T v A
5, 79V bae—WEIE L COGMRE - fils Ll voiz
[4—/3—k—)V (overhaul) | FTIRL<HIEL, B%K
BeDOAGE - BT T 0 b ORBREEIC, EERMA -7
DG B b LTV nT X7,

WolEHT, 779 —H—ERADEBNRIZINET
LN B TR EAIZ L L, —f— T ALK
L7 AN DR ERETH - 72,

E)PSTMNDNNT T AL LT T ML, A—
ELTCOBAEGN L DS [HERDE DL B
LUl S [E28a ks (778 —H—F2R) %

A L7 EfE 0L | #FEILL, BEMKO TEHE
WWIB 2T TW L 72oliE, [778—H—EALEI L
A2 DO DXHEAE | H8H L o7z,

P — U2 LHEA &1k, UHNTOT 7Y - - R
T A ADDXHEMEAE R S EF N L WHTTH S,

1. [—EXMtHE#M] OBBRER (RTORERE
LSV —7R0 [#B8irEED EFE])

F— U 2ZLHEMIE BN TOT 77— —E A Y %
ADDX MR RSB TN TH Y, Bk Y
=T Y TRETH B URAS, FEPUT SR R 7
SU MR O =NV VR ARHT AR TERLT
E72 LT O=2 o[ HkMEE R M (7 4 288 7 1)
Z, ICTZIEHLEYF AV AT LLLZLDTH 5,

—OHIE, YHBEGHHOBEHENOFM TR - F D7
DO, [EHRBETOF—E ALY Y- AL rY
ST OFRERTE] ZoHIZI04FEHOE 5L
OHRTRABIGOPTAEZ A LTI NTEL [H
— U REBEFT/ oy R WEEH T =2oHET
75— —E X%l U7z B L OffifEILANC X D S
LC&7, BEMRMEME, TX25720KLENIC
BEWNW2ZL 720D [EMitdix 7+ v AFE] ©
Hb, ok, ICTRHHLTEIY ARV AT 214L/

EARBSE AR FY N4 I R— 3 YRy 5 —

94 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 2 (Jan. 2024)



Ty 74— LFALL 72 OHH — B ZLEM T H
%o
LIF, BRERICOW TR %,

2. Y—EXEEMO: [—EXIH HY—EX
IVIVZTOBRERBFE] 77y b 74—4

WA R FETIE, YaxLRrL—rnsts
A, SR oML ZERTHIY;, TATHI
Y, 8L - BRABICED L Twd, &I, Bk
IREFR R LD 2 HEETOEA v 7 F#RTHE
PRREERZLT0D, T2 T, HARLIIER LM
BN R E L L ORI IS TEbNIE 2 LH% <,
PHEEORFRRED A — RSB 5720, B b5
TIOVEEA R IZ RAH 2D W) R F i R — M ASRD Hh
bo ZDIH, VHEFEME X VT F Y ATE S —
CATLHRH - ALY Y =7 % BRI H R L
Hih R— MEERET 2 P EE L 2 D,

HERRARME T, Bl R — MO 70— A
BR v EETAERO—DELE A, K0T
L7-EER 07— IEH L s, ThET/
INTICER L TE e coYy— e 2 T L
P—CEAZ V=T OERERFEOICT ST v b7
F—2LEHEEL TE 7,

VAR P EICBNTDL, T VIV (eT—=
YO LKV TME N L ==Y 7R Yy TORE
EREH ML=V 7 Z2ELERY AT A0
016XV ET L Y= EAZ Y YV THMOER
PMFRBERLRAEAFVICEY, N=VF VL —=VF
AZa—& LTCHBARLEKMIZERL T ICT
FhEME L7z, KBS AT) TORLNZ ML —F
A THRRY P OB —ERATY - 2T
YIVZT OFREMEHEAETRE AR (K1) L LT,
20184F X ) Ak BB CH 2 i L T 5o

F oM, EEEAMCER At L R a v s
< v b (BERE) S¥E LTORMZE»L, Bk
BWEETEMLLAZICT Sy b 74— 2%, N4t
WIETUHE RS 75 ~ PR FEDOT 75— —F
A XY A AT R RE 2 TR Y — WL LR &
HDTWD,

Platform
[Grade 1] [Grade 2| [Grade 3| |Grade 4] [Grade 5]

Training
earning M raining

nline
? 2.-F.Face to

K1 [H—CRTH V-V RAIyIV=TOFRFHTE] 75
v N7 F—2A
Fig.1 Service engineer training system

3. ¥—EXMLRWD : [ —EZARHERIT/ I/
VREEEFE TSIV M T4—4

[HEREM | L IIEN 2 BESER R 77~ Ml —#%
WCHRERMTH Y, TR S REMISHE VLT Sh
LWENRH L, TDIDNITIE, BREERRIMBOIREL
SEMIRN SRRAT LS U CEY 2 LB 2479 A ¥
T YA —ECRAERRMLCTE 2. T 2Lk 8 At
L72BEERMS 7T~ M, BRSO 772 MIB
VB A EERE GBI ORI E LTI S G 2 LA
%L, A VT F VA X Bk A BB o %
SREEBERT B, TR, BRohTHohmT, 2
VIFF VA=V RAE I ALRLEFEISETL, bLAL
Fag—fghRanzmic, BUcERzEEL
MR R IN B Z X5 2 ARk 5N D,

BEMOZMIREZMZ L, LEI6 L THY 2 —K
WMENRTELAMZER LML T 2 idx—h L L
TOEBETHY, REAROA—=HTIE (B &L
TERUERINTE 2, BB wTh, THNTO
B EB e e E s g%k, LESICEDE
B MG % Z RSN T & R BR 2 e L CHi e
BEMROBA A ¥ 7 F v ABHICIRE L OJT X Tz
AKLTE, Lo, IhT TIRMERGEOERL, T
RIMEAHE F 2o 720

MBS TIE, 20174E K D, SThECHNTE
MR ENTELRA VT F v A — Y RAEBEIT ) 71
TOICT# WM L7zl 2 b2 T L EDIC, B
BEHEEDIA YT F VY AEBIEDLETDOAT =2
ANV ICTIRMZERTORIETO [ AT F >
A — Y ZWE L] OB A ZBG L 72

AR MATIE, A—ADMRET BkaTB L OHE
TN PR E L [ EB R 7 F v AEED RE
] 2L, ChoipEaikic, Ay 7F v AY
—EAEBE IO A LEBNELHEL LB Lz, —
AN LR BREME AR L 2555 (et
Tt ZAOWHAL), Hol Rk R AT & S LR AT S
AR Y FF A -] 2FEHT L7200
ICT79 v b7 =L LTHEHALE (K2),

Platform

=

Electronic Instructions

2 [H—CRAEFEET/ INTRMEEMTE] 79y b7+
— A
Fig.2 Service operation system

RsD #7842 /Vol. 72 No. 2 (Jan. 2024) 95



HIE UG BOE B X V75 » PR FHED T —
EAFRL—Y gy Y AF0E LTHEAZBBL, A7
T N7 —2EHRICLT, BEEBITE T A AN
— M+ — (FZu =2V KOBELCO7 7% —H%—E R
WERESTADOYF— VA TSRy Y=
7)) &0y, EFLTBMAV W2 TV S Yt
FRW AT T 2 b DR ERE I ATV S,

4. Y—EZMLEMO : [EiEEEX > TF 2 XF
E| Ty RN TA—LA

v L, B EIFRRY, AZEARIATDOIRSIT
K (LX) ThY, ZRIITH - R LIz
AT 2 7-00210%, [ — R 02 475 Jke AM O
BHEM] & [H—UCRIMTbNLGHORZ 1L L M
B PEYEE %5, gk [EitRREcoOr -
AXY/ = AL Yy V=TOBERERTE] 79 b
T A —=2AbE, [H—VY RAEFEIT 77 RS
Tl 759y b7 A —2fLE, SR FEBTLZ0D
ICTIEHBA TH %

T/, —EREE O L) IEARE Uil

K3 AvFF A Ama—i
Fig.3 After-sales service menu

Business
Partners

Business
Partners

KOBELCO Service Ecosystem

B 2 EHZ D IS VEY A ZATHY, [ET 4R
HBOIK] L wWESbhb, x 2 —h1%, W
BIIBWTYH, BRI DA TF VA
PoF—N—=Fk—VET, RLESBEHKRDOLDD Y4
MBI Rk A BB R R RS, 775 —
P—UCR] LWIETIBZFTCTEL, TOMET, B
BRI 2 T X 27219k K BRI BV W 7272 <
ODOAYTFF A Az a—# (B3) %, BEKE
DA ZBUTHREL, MMERMELTEZ, Thbox
VFF VA A a—HEBIOINS R - BT 5
72O DMARADS [RRIEHM 2 ~ 7+ v AF$E] I v b
T+ —LThHhb,

HIRE D BN — ¥ ZEFH DX TlE, BE D #EEREM
A= a—WERET LU HORE, mARTE,L, IO
VAT AMETETH LTV A NVHERERY AR, B
EWT 75— — A YRR T LIS E LTH
RSN TERMEMA v 7 F Y AFEOHRVHLE
HEAE L7z BARMICIE, T D00 REEMRMBM A = 2
—D7 77— —EARMANE L ZoRE T2 TS
Ty b7 x—2b2 Y, ZOT Ty bTx—LEHH
Se 7Y 7= MILTHEGA =2 —-FDT 7%
— = U ZEBHNERLRE T O 2050 HERY L
D, ZLTC, ICTIZEAT7Ty b7+ —21LIC&
D, BRYL L —CARA = 2 —HOEHKEKE, ¥
—VRAZI ATk (B4) 2#EDTnD,

Y—EAZavATFLEE MYHNTERINTE
BEMEBO A VT F Y AFERZDOA = 2 —NF CGE
BT ARLTFINE) %, ICT75 v b7+ — 2% RIS
LTH—ECRATHERH— ALV =T EDE TR A
N— b F—IZAH CF—7 B L, itfiory
FAN—= M F—L LRI, BHBEMAEERETT VT
DML EREFEBO 20D T 7 5 —F —E 2 &R T
HEL T 72DDOMEMATH L. BEKRLGDI-EY
AANR—= N F =B LORMNY, FLEIAAN—FF—
MRA S BBl 2 2 7272 EHLY A28 5 i L

Overhaul Inspection

Business
Partners

Business
Partners

4 KOBELCO #—YARALI Y AT A
Fig.4 KOBELCO service ecosystem

96 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 2 (Jan. 2024)



LWILBIBBIOEREL 2 LI2L D, BEHEE L LI
P ek el A Al L v [t YR 2z a
VAT LW OEToOMETTH B,

5, YHEsHELXTOT7I4—H—FEX-EY
F AETIVEBIEDER V) $H A4 EH]

B, SHEMEECTo, [#Ehk) b
KOBELCOJ E£H a2 E L7277 ==Y A - LI R
AETFNVERACIZE T 2D M A, [H— ¥ 2EHEDXHE
L IZOWTRRAT B,

MHATIEAER, 777 —F—E R (/)
Wo7=o0 [FE&] 2 [FHNEE] Lo BT
TH/REOR TR Z b1, Fhlic T (B/) 128
b b3 MYiEEZ ST 2 ] Lo 22 BERIRAF X124
P oTze Z D7 ORMAMA AL O EF D B & 72
D, REGEERL 7ot 2 HEEEIHE T TRANRIET
flifEFE AT b T E 2o AL E X, A%
DX AT, RO Z O b o0 ER (£
LRI N O g L) 21TV, €0 ETICT %
WL Coffifidtrya v 20 Rz 516 (F5v M7+
—24b) BWEL, IV I TA—LFLTY TV —
FMYIHEH LA ST7 78— —EY X - EVRARETFI
AT D72,

DX DR, FiitX 3 A/B/C/DDH—E AN
&, FENH A A5 A2 4 FIEERW O I8 3 7 $E 4L
fECTIEH 575, PEFERMBLL T &2 — ¥ ZAEBETH
KR FTIECH DD EDMEREINT, T 72M5450%
SERMB R IE, OSBRI L Twv % 3 B
B, QRS & o — 25 R, B X 0@ —
Y ARG, 2 EOBMICL D EOLD T IV —TITK
MEN, TN—=FTLIZT 75 ==L AL TR ADIL
i RAL D 72 D IR ERAL TR & ¥ — E AN LR %
D, WHrRE~—r 74 v 7FiEk (HEMCART 70
—F) bRLL I EDPHERENT,

[H—ERAEHBRITNE D ] 2 TGS
TRODF =Y ANE /T —=7 T 14 ¥ 7 TiE] OMEERMK
WM TOERIL, FEERMOBERT T 2 FHTO
b )5 A S R i SE R T O R G R Lk
K3 2bDTIED A7, [EiThklF 5 KOBELCO] D
FEHDD, MfEmE LTHERAELH) ZET, T
= — VY AEBNERLETO Tt A0 ME N EIco%k
Dolze F72, HYED, hFETEAWICITSTE
P—CREWVIh (FutR) Z0odb0%E, I hLn
)Ml 2 AT 720 DB R E OIANTE) & L
THAETYA Y Ky MERIZLDO%RD 5 72

—WAHARNT Z DT MR T, [SEBNE O
EREEFALZ M B L D55, BV —F 1 L] 2
HEL, ZOMPELLTCO [TOERARLV—T 14 Y OHESE
R A [HMRRE R IME] (F 4238y 7+4) &LLT
Efshb,

L OH — ¥ AER DX HEETIE, ICT 2RI L T,
RAE THI ] & L CERUBR SN T E 72HER IS/
TN RN OEHEICH A ML, ERE IR

7 b 74— fbE D, HHEWFETOT 75—
—EZ - EVARETVEALTR:E LTERLZDS,
F—EAEBURFFOMS TR~ Y Py b, BIV
EVAAETNVOEREZHEAL 2 HARHETH 5

CITT=KRRICMITT

[ — 2 Ll ] 2 BRI BEHO [0 )/
IO D] D%, FOPTBEMRICLE ST [X
DRE] N=F =L LT LEBHEZBE TV L LD
12, EVRAN= b F—LoBRELHERO TV Z LI
X, KOBELCOD~FUT YT 4 (%4 RiLhTH
CEUEN2IoRQINE S SNOWR IEXIE VL /A
— VHE~NOFM) ZEHINWELEEZ D,

WMAIE A — A, YAEA: A L 22 P R SE R
RTIT VM, WEPORENIEHEELA Y TF VAT
5 ETOEAMMAR A b (i) 2HML TS, Th
5OMRR R Ny %, Team P, Team fT),
Team B, Team HA, Team OO & L THEIAGT S
HAA (EVAAT AT AT L) OWERHEESTL &
T, BHOBEKDOZZODOH—EAN5, [, —
—DBEMDTHODOY—Y R, ZFLTHEDODOH—
EZANEIS, (%4 - BLhEHLOLLD - b5 D]
KHEBTEZ2DTIZ WAL ER D,

MZ T, B BEER LR 75~ Mg,
ROk % 2 ERHIROP T, BEHOIE, BEHKD
EIAANR= Mt —, HMGREDH 2L DREE X~
TFYASINGEDS, BEMEERET TV N OhBKE
fif e LTHIHWZ2720T 0575, BEME G074
YR A= M — EILARE L AT [ R4 - Bl
F50 N 0O | OHEAIZHY ML T, Hik
filifi, 1/ R—=Ya Y 2AEARTEIAAZI VAT A
ELTHALEE, [RREADV) 2— g U] L
TOHEIVRAAETF NV EFER L TVET\,

% £ X ®

1) AW (2017). [F9 v b7+ — L ¥ED 7 a— NV 4
B

2)  EH—HR (2018). [EZMEMW T 7 % = —E AHER KD 20D
T i =N )b ¥ — ¥ AFE M 0 SVEHERE - SRILICBE 9 2 IHLA
TEBE Y & AW 4 25 kS HHmERE CaY
(No.7)J

3)  E—HB(2018). [T 7% —H—EAE IR AMALTFEICHET 5
188 [HRS =7 T4V 7%& h v 77V VA TRy —F
4 ¥ 7 2] Vol7, 346-352.

4)  EB—HE(2021). [H— ¥ AFHFA ¥ 0B/ R % 5
BULT 79— —EREEDX] [HAR~Y =7 T4 v 75
Hhv 77 Ly A-Tay—54 7] Voll0, 190-196.

5) KA (2022). [FY 2 VRO T3y A5 A#%E] 73
I

6) EB—IR(2022). [ 43¢ 74 GBS ) BEoY
VAAETIW - 4 I R—=2 a3 VAFSICHET 5 184 ] [HAR<—
FFA4 VTS AT VYA TR Y—F 4 v 7 R] Volll,
209-215.

7)  ERE—HB(2022). [IENHESERE T 7 & —F—E 24 s
— VR E IR 72, ICTEY A AT Ty b7+ —2A4k]
[EBE Y 2 ARf7e4 4 Hom & E RS HHmERE AR
(No.2)

RsD #7842 /Vol. 72 No. 2 (Jan. 2024) 97



WS

- KOBELCO D~ 7771 LfifERNIE,: S 75 21 DT i

(fiE350)

7o) EEITEFOBNREHaEE
el

FEKBAZ * T ek o)

BEANZZ L
EFU Y IHE

Development and Practical Applications of Welding Core
Technologies

Dr. Hiroyuki SHIMIZU

E: 34

PRE ) % Wk AT, BRI AIEIRS V. BEMKIIRITFRMEOBRERT2EE L THERICESL S
LEROTWE, BHEoT7oEX, aRy b, BWEME4IZERLTWTD, BEROBEMIIZEZ LW &
L\, YHOBRBEHRERMIE, T RBICEbL TR, uRy b, HWEAEOETOREMELGL, B
WHEYV ) 2—Ya v 2L TWE, BEV ) 2—Ya V2L TWAEINSD=Z2o0EHREM 246 & LT,
FNENOHEIBIZB T % 3 T7HMERANT 5. BEFEOT)TIFTAELTHEEYY) 22— 3 v o ad%
HHDHRANT 5,

Abstract

In the process of manufacturing steel structures, there are numerous challenges related to welding. Customers
expect to obtain welded joints with excellent quality in a reliable and highly efficient manner. Even if the
welding processes, robots, and materials individually excel, they often do not fully address the challenges faced
by customers. Kobe Steel's Welding Business possesses all the essential technologies related to arc welding,
including processes, robots, and materials, providing welding solutions to customers. This article introduces,
as examples, the core technologies in each of these areas that constitute welding solutions. It also presents the
practical applications of welding solutions as an essential aspect of the materiality of the Welding Business.

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

BERX-T7—F

TR BRI, EEEE, OEEE BEoRy b EERNE

F AP E = U OBHHEERM T, HICHEEMR LS
BoXy bATLAORMOAR L ST, LHHaRY
b AN T ARy - R - IR - ok R -
B (B, 94X, 7997 A, BEY) - JEERRE, T
— 7 BRI D BRI VB 2 IR T B IR G A —
ELT, A=KV oa— T NRLeE - OO
DICHT 2 BEMROBEL RS DHHE YV 2 —Ya v
FRMELTWE, BV ) a—Ya r 2 BHIL LA %
Wd B2, R=RL R bEHEOITHME, DTO
EXo) by | R=F (-3

FEF R H K ER % B3 23 HERD [ 7ot
HEEAT ), 77— BERBEIS T =7 INERDT S
ToOOBEHEO Ry o [ FHRAMERIEBEAN ], HEEIC
Ia 7o xfiifemEaRy MK b ERRBEEIC
NA MYy F 02 RN G- 25 TR RO i
1LHifti | TH %,

KMTIX, 7T—27HHEDO—>TH5MAG (Metal
Active Gas) W2 L LT, IS Z20DHAMOME,
HEFEELLFHIE & DI, (RIS =807 s &
ZOHMEIZONT AT 5o

1. MAGBE#EECO, > —IL K

T — 7 EROP TG EEI R E C, HEIEEICIE
T, Bk H CIEA S Y SR Tw 2 DIEMAGHE
BT 5o B ICMAGHEHE O %R s GMAW (Gas
Metal Arc Welding) ®—2TH Y, ¥ — IV KF R
Ar %2 EOREM AT A % v B MIG (Metal Inert Gas)
WHATH L, MAGHE # T13100%C0, b L < 1 Ar-
20%CO AT AD X ) HRIEMET A% V50 #HifRIIC
EREINDETAY (BGHR) &, OMEBEEB»LZELT
Va—VEE, @7 —7REICE o TH, OFBME R

Wire Feeder

£

Wire __
ﬁ CO2 or Ar+CO2 Gas

Nozzle

Contact Tip.__

COz2o0rAr+CO2Gas .__

1 MAGUEH ORI
Fig.1 Configuration of MAG welding

UM Pl vy — (B axvaigET s W)

298 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 2 (Jan. 2024)



> THT, @nah, HHREREZRE, O (BH)
=7 — 7 ZREICERT 5, HAL2 mmEEOMZEY
AXZHHTIUEY 2= VRBE AT S 2 LA
TE, 7—7WERNICY 2 —IVIEE D AR TEDORE LT <
FTFEEINL -OBERRIRITE V.

1990 4RI A > N — F il OB BRI K L,
)P E A CHEEBRO BT &k
o7z, BHBRE 2SOV ARICH T A52ET, YUY KN
TJAXERNGZZ1IVATLIEHZRBITSE L7002
MAGHEHEEFHE SN, ORy MRS THEE
Bk e LTHEMMEY SRz Ar-20%CO, % Ar- %0,
HEDREHTAZHNT, 4T HBHO N Y ZH5HR
WS X, 2Ry YOFRELHE) ERTEH S
NTWD, R TRAD SEESND ArF A
DAAMIFE MATArY v FRBET A Hw7
MAGHEHOBRADOKEIZE, K2 (a) IZRTIIIZ, &
LT b EAREIIR L, ZREHC B THEEX MY
BHELRPTWIETHD, VWolF), HHT5 Y b5
KREHIHR SN BHEA AN SER U E NS CO, H
A NEEA T B o HEF AHDCO,# A A CCUS(Carbon
dioxide Capture, Utilization and Storage) &N 5% X 9
2R, CO, v —IV NiE, Ar ¥ — )V FIZIEEEL TLCA
(Life Cycle Assessment) f8HEUIR < 25725, bL bk
KA E N5 CO,D % HEHF DY — v K7
ELTHORAML TV O THBEIIMEE 25 %
W, 100%CO, % ¥ — IV KA A L § 25 MAGERE T B8
BY R EOBEAAEERT HLERTILLBEHSATY
bo V=V KHZA%EI100%CO, T % &, MO T Iim
(Bati) (27 — 27 CEPERT 572012, BT KE <
R 5. BiROKE 2EHEI AR B 2% T
5 LA R (2 ZA) Sh, ”2 (b) IIRT
I, BARBIIIEL B bo FOHELIEVTEAMRIL,
LR E T DA\ HEEREDIIET 2D EM T
BThb, P, KESKELABERD, BEIIEET
HERKD RNy & L) BRI B REL, 5T
59 72w, FEB, W BEME Z2RRREERTEE) (Lo
IEH) WAHLSETHEE LD, Va—VEES
ACHFAT 2MET A4 XY 2 H 7 MAGHEEORER, &
WRATDZENE, 100%C0O, ¥ — IV KA Z O IR 2 1 12
X BB OB L ERIAR R E, ANy ¥, L a— A,
ABh, HIARRS, TAVEREELR EE2HIEL, bk
HOEMBEL T — 78, WRBIT2EHAT L7
FHEISkw5hTw2aY,

(a) Ar—2%0,

(b) 100%CO0,

2 ¥—) FARICLBETARIBIRDE (300 A)
Fig.2 Difference in penetration shape due to shielding gas (300 A)

2. BHEORZMR & FBAT ORI

WYY a— v a3 Y ERFERT L -0ICEE LR 3T Bl
D—2 [, 100%CO, 7 A % i\ 72 MAG #E4 O I
e OB EGMT S [ 7t AHEEM] Th b,
BWHOBREBITZHMT 2 2 LA TEIUEL, A8y ¥
Lba— A% MRE TS A2 LD TET, BHRER
NUFEEND, Bz T2 L CHEERE
WHTIEHTEL, TICHEHEOIK & BT OHIEF
MNORHLAZ AT 5o
2.1 2NV 1 BiESITHIE

20004EM0IC A B &, F Y OV EHIE 3 B ek
L, EEEERMIE & EIHBATE) M 2 52412 [ L CaEtl
L,%ﬁ?é’t#f%él%’&oto%ﬁ (=vl3
B HHICEETE 27V ¥ VR o BRI
Y, b VRAFANEBEEER (W54 N TR-
800”) Z#M\WT, HWHOBMEBITE R D DD
VA TN HIE T 5 2 & TRy ¥ ORIBERK & EE
ABRDOWLZFERT B LRI LY, BREEEE
WO - 172 BEMN T 2 HEEEY o—F2R 3
2R KAMOWHEZK L, BITx@Efbsd, AX
v FIEREIR L, BEL THRVEAAREEL I ENT
XTwaY, ZoBERER FUY VISR
SENSARC™ AB500 2 REGARC™ 7 ut 2 & L CindE
ORy b EHAGDE TEALSNMESEESRTY
%o HEGETHSZ PO SN T, FEFITHVY =
T EETW D,

2.2 17NV 1Rt TE

20052 A —A MY T O T U= AR, BRI
DIV AR E T A4 YOS HEHEMAGDESL 2 &
T, WISV ERELE L TBITSE5CMT (Cold
Metal Transfer) 70+t 2™ %% 72, BiEIZHEH
HETTlERL, @%%wotﬁﬁﬁﬁ’;D@@M’?
L, ICER, KAZ, KAV TATHEETE L0
PRER, TV I = A DM, ﬁﬁ%ﬁoﬁ@,%@#&
O MBS EOBESBHICBWTHERCEHE S LT
HRCILSEH SN T 5,

I T VY NV CEREEE AEICRETE 5 3B
BTy v 7+—2]1 #F TR L. 7Y 7 Vi
ThH720IZ, IHBOEE, PIZIX—KRE—F2%5Y
WSS LN TEDL, ZOBEEBRTT Y M7+
—2x v, B4I12RT EHI27 4 VEfaz BRIk

w&f Nddd
= e

&
<

Current

-
-«
e —

A4
A

T T Time
Formation ' Transfer Formation  'Transfer

3 100%CO, ¥ = F 270V X 1 IilBAT
Fig.3 100% CO, shielding 2 pulses 1 droplet transfer

RsD #7842 /Vol. 72 No. 2 (Jan. 2024) 99



>

A Peak current

\ Base current /

a) b) ¢) d) €) Time

Wire feed speed  Current

4 100%CO, ¥ = F 170V A 1 AT
Fig.4 100% CO, shielding 1 pulse 1 droplet transfer

R - BB &, BWMEIEE 74 Y EREIEOMAAHIZ
R L7200 2 BHEE & Lize 4 a) ~ b) ([RT
I, TAVEREMICHEHEZIER L2250 7 4 X % ik
SELTEITLD, BRSNS NS, 2
OFER, K4 o) TTAXERFTIE fEkR S8 72%
D, TAXRImOBEREITEEC X o TERb L ) 2
VT D, TDDH, K4 d) IZBWTHEBELEIBIZCY
NI SN, K4 e) (2B THEKZ D ROk
B, bbb 179V A 1 EHOBRN 2 HHE T2
L7206 100%CO, ¥ — IV RH AT EN 5 KE LB~
BRLHICEE D CTHBRE T SE L2012, A8y vk
22— AOFERIIMMEL, BRI IS
%o WHOWRBEED? SEROLBERT T, HRibi
X D EAAROREAL, BEHEREOBIE L LA,
BHY - FERoREbz EhHfishs, o7t
A% AXELARC™ & U CRliaek, SFirhL, ot
GIZHEFRDD Lz 4tk 7T & v R0 R
SENSARC™ RA5001252% L Ei 2 5 L T\w %,
MAG ORI &% B+ RFEHM & L THIfEL
TWwb,

3. wEOK Y BT

BV ) 2= a VEEBT DO EE R 3 7 Hi
OO HIX, BEFEaRy MU= 27K E ZFOBEHERE
Rk LT, PRAE A ESEEICAEICHET 2 [T
EHIESEA | Th S,

ZIZTE, BEoRy FoFLMERECHwsRT
WA IATHEME LT, 1) BHEY 4 — ¥ ZHIEETT,
2) HE) 7 a7 9 3 v 78l 3) AT LAKBHE=S
Vv 7EA, 4) FEPEEABHIEEN EBAT 5,
3.1 EREY 1 —E > JHlEEi

HEVHE 2 EO@EAGARRICHHT 2% Ry NI, 1h
HEhLREE T, gD =RcHiEx —$EHE T—H b
L—2AF %, 0»ol¥), MEMRIHEHTEHETRY b
2, BRSEFIRLCEESE, ¥y v 7RHEVZH
>T, WEMEEHETA2012, Ry b PEEZER
M OBERICRNCEB S 71—y 7wy
;EZAT o

BEHORy M2, EEREITVRYLZOEENRE G

lWire feeding direction

gp
T Wire feeder

Power
source

\ Weaving direction

Welding wire

" Base Metal
Groove center \
Vertical movement error
3 %‘ \ %‘ N
H H =
(a) Center (b) Right shift (c) Vertical error

5 7 — 7t Yok L B

Fig.5 Arc sensor configuration and operating principle

WHTrT—0k Iy TV BRENDHY, 74—
FEEROTRMERERX, FOT—2Rr vy 7R
B2 FLCHFBICERELERL LS, A5, 7T—7
Ly IOERERT,, BEERIEETLSEEZAL
TWA7HIZ, TofnE s v — 27 oo Z bixER

Emktfﬁﬂéhéo@)iﬁ4—t/7¢ba%
Jep A= L TEBY, (b) E7 14—y 7Hulosh
T ROGIIRE L TWwWab, BEERERBTLZET
BHOGrh UL 2 A - BT B EDTE S, WolE) (o)
DEHIHEICE Y FEPET TN LT =220 Y
VT DOWRERINT S/ B, 20X 5 ITHERDBIEERE
T 57 — 7 @EEa Ry ME, FEMERES %
HODLLENDHY, F 7=\ %L Ol T
Ay P2y bE—FIZFEREEINTWAS,

3.2 BEMRYOREHERHTOT T I JTHI

PHBEHLORDRBEHRLOF BRI LV L b
—HE LT, BNy POBAIIEL TWDH, —ik
BIC, WEORy N AT ATIE, YAT LIS
FTEXEBHTELDIFTIEARL, BRY b AL —%
BBy MIEEERHR S [HORMEE] PLETH S,
WolE), BEMIIEZATT 2B 3 <& THRE ML
L7207z, Y AT LADRESNZOHD S HERE
BIROT N —AD3H b WHEMTZ ADBHORTHZ L
BEHETO I A2 HEERT S T8RL A7 3o
Ry MEREOATEMTH D0, FEMIZL > THRL R
OHNERFR L > TV,

F9, BESE S, BENEWIEVIEIRTH S
722, FEROBEEHORY b A—h & LTREOR
Brar OB SN0 Ry MEHE THAN & iEH 4
B2 F— AR T VT ALY By —DEIC
T EWEE AT B2 L THRL TR LT
Wb WIZ, fEZ - &M ERE, 3D-CAD & L TH
IRVAZERLTWE, ZOY AT A, RetEMo
3DCADTF—¥% #HWT, BTNy MRIEICHET
5 MR & AL & IR T & R A H B
ICRET b BEMETFT—PEET Ry F VA7 41

100 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 2 (Jan. 2024)



frk S, SRS Y R R T A CASHBICED
BTOHNTHEEIIEE 5,

HPIERER CHOR L A TFR S N0 071, A - —i%
Pt (BREHLN, 2R E) Thb, T—rBIRE B
54 1Z3D-CADF — # 12DV T L TV 575,
KECHMEL T — 7 BIRCHIS L% 7T e 79 4% H
BAER T 5720121, TTHEHET Ry b OME L K
RYVaFroMENSTOr T L OBEMEAER L, Bl
POFOBRBIHELTOT T AR RET DLULEND
b0 FRBHMIAXYLENEMGET 25 —T V05, K
BCHMEZ T — 27 LWL, BELSBICL->TE, 7—
TRy PREEERBELCHEETE RV L LD
Do HEHE - — M OBIURL A ZERT H20I2IE, &
—TNVOEH LI I 2L —Ya v, WiET AL
Wb, SNOLDOFEEMITRLREITRT LD
2, PWIREE ORI T EE Vv — b L, Bl iERE T
0275 A EMARETAER L, RV a FlshiEsEey
J 7 & O R HEEE S D PR RE R R - — A
FUFEORL A Y AT AR FEEFEE LTV 5,

3.3 BEOKRY b RATFLBBRAODRIEREER

VHOBEHET Ry Y AT ATIE, BEERY 7 Y
= 7 T& % ARCMAN™ PRODUCTION SUPPORT %
W52 eT, VAT AOKRBIRERHEET—5 2 HE)
MICRLERT 5 2 LD TE D, S HIZ20224E121F, Ffl
F—F Aty bT—2H A5 OBMEHZ NS 2
EHTE B ARCMAN™ View"™ HEIEE=%1) > 7 ¥ 2
TAaELEHLE (B7).

AUTO atl eld g ¥ ole
' Anyone can easily create welding programs
« Algorithmization of expert tacit knowledge to create
software.

+ An optimal welding task program are generated
using original evaluation methods.

« Suitable for difficult welding applications such as
positioner synchronous welding and circular welding.

’ Automatic motion generation of workpiece positioner and robot positioner.

y /o .,
A 0, B

6 KETHMZAT — 7 IRISHIET 2570 77 A0 HBEK
Fig.6 Automatic generation of welding programs for large and
complex workpiece shapes

Network
Camera ,.
9, i
ARCMAN™ HUB
PRODUCTION SUPPORT

Robot controller

7 ARCMAN™ View @ ¥ 2 7 AHERK
Fig.7 System configuration of ARCMAN™ View

ARCMAN™ View Tld, % v b7 =2 A XA 5% Hw
T, BETOBEHEaORy NV AT LAY TIVE A LT
L, ZERMEILRERARREORE) 7T — & & B % B
HWAHTHAET A ENTEL, INHY 7 by =2T 2
WA ZET, T IR0 EEIRE R B)E CHEET S
T LENTE, BREIEIECEEA B oM 2 5K % 54T
T&5%, %72, ARCMAN™ View Tl&, # X JWi{§%
RAEBLV TV AL ARy b&2)E— MIET S
ERIREE B, AFERICTOR Y MOMEIL LRSS, U
— 2 DEINCH AR EICIEA A S IZTaER Y N
ERBVPOHEETLIENTE D, ZOKEZIEHT S
LT, REMAN»SOTRy MRESTREERY, B
i EOER BRI COFELHIRTE TWw b,

3.4 EEBEOHEME

BHT — 7 OMTRMIOIE 5D &1, MROERE X
N HHERDBELD IR EV, BT — 2708
KRELBHCNIZ R I13E, BRI EHBHER Y
k0 b, BB O OBROT A, B D
WL bEMT Oy 2 OBHEO), L V—bF
Xy TOREE RO LIFHLL b, MEJR, #12E
BIANVF—BEMRTHL L —FLERELT, 7T—7
I ANVF—FEMEL, Y4 —-Err3528I2E-
TEY v TONT Y FIZFRISHIEL, EBVEREILE
GEEL L THION D ERAEEEZ LFEITLIEHNTE
o BEROBH IR & B TR E V— b F
Y v 7 HRERE L 205 HEIn LIy — ¥ 7L,
EHICUETHITHEERR, BEDWET L, B
Ry VEHWTHHOBRE L LRSS LoBEY 7572
DI, BRboOREEM S rOoFETEY I VT,
OXy PREMEEZY TVY A4 ACHBET S LER D
o TNFET, HELE S A FI2TRGL fbL, =
»IVTANY, TR FLT, HIEICLEREMES
5 2 FEAREY ShTwads, % CEH
IETE TRV, 22 THHETR, TH—FF5—=v 7
By, ATBGEEESATICH H LT, B8 12§ it
L ZORFEMOERE (74 X, 7 — 27 P, Rl
g, TERBSERIE) 2RI L, v— ¥y v AL
WA BRI 5 2 LT, RE L EIBEER
LTwa®, 7oy 7 osGEEZMET 5 L, &
Yif & HWIVE R TS BIEESTEETH 2 4%, BRI

Arc center
x.Y) Wire end

X, Y)

Weld pool left(X)

Weld pool right(X)
8 iRth & JE D O E R

Fig.8 Feature value extraction of molten pool and surrounding

RsD #7842 /Vol. 72 No. 2 (Jan. 2024) 101



10mZzZBAT, vy 7R3EHL, WEHIMOHEN
WA 3 mmiZd &Y, WA TR LzRoHR
REWDDH D, THIH LT, "RIDTA—TTF—=
VM EBEAT A LI EERMERS TN MEE
mEEE, Fyv 7L, HEW, [FEWEEDORER
AFEZ RO TV, Tl CIREUENICERZE TRy b
BRL, #diEE L e MEU EomuwmE T, St e
v 7 OERHEFIHBEL 22w,

4. TRERFOHIEST

19074E1C A = — 7 ¥ O ESAB AW 7 — 7 i ks
I L7 7R, OARIERO BN B CHif S
% RS T 5 7201, BB T — 7 B
HE o7 B, BHEMEZERELT % 72012, 1930
RN YAIBTE 7 — 7 B A E R RO TV 5, B
MHRORIZ, 79 v 7 AL ZOLFERBOBEE D S
F o TV 5, 19534 IKETMAGHEBRENEHS NS
&, V)Y FTA Y OHMALFAL OB D IHE - 720
1004ED EICh 725 T, 79 v 7 AL EDEEMFO
LEERUR, A5 4E)E OLFRK & ARk O RB LSkl ©
NTHYY, BEd & XV, FREH, M, me
B DAL & AHFR O B I HGEA DRI E L T 5,

BUEIZBWTYH, BEEME L BHESE DMK O
) INTIIBHEOIATEMTH S, ~7 vy ibrfl
WA AT, BEAT A Y o RHH A, M
(Materials Informatics) i, HEOCHIHLAR B8 A3
7ol [BEMEBORBILEN] L %> TETw5h, UF
WCHBIERBNT 5o
4.1 BER7 A Y OXREHIE

KD HATH T L EHRSIE ORI REE (GREE
CAMERE), IR A, A5 7 3Ek%me s 215
B DTN AT, BHEROBM L AR Ry M X
L BIFERBEN LT, FENEICIRE L, R oM 2
DWW R EHE TR L 2 7 4 Y ORIMHI B I,
FOEEEZHL Tnb,

MAGEHEIZBWT, BHEY A YISHEERD S THE)
(Lwo &) BHENLTCRERRZE S, N
ZRICEZ100 um D& L, 300 A DEGEERLA G EE
M SR SN D &, HNICBU 2 EREEIL 4 x10°
A/mm* 12 b ET L 2OV AT 5 L EEERIIER
L, SRS 2 & REE & 2Ld 2 ME 2N Th
bo fRBIHNEE LR wE, BERRPLERHELZ L
b€ Td, 74XV LM TOIANF =0T v 24
T, HWET2EMBITIREBRTE RV, ZHIIHLT

Material
composition
ex. C. Si. Mn. Ni,

Raw material .
ex. Powder. Hoop. ~ Calculation

Wire, Core rod
R ——

(Design)

Prediction

ex. C, Si. Mn. Ni. ex. Tensile strength.
TiO,. MgO Cr. Mo Impact value
‘ad -n ’\(f
Optimization B B Optimization \

,,i—-‘ Optimization

T A X K OBATERTEIR & AL A ARTE % 811 5
BT ET, 2OV APRTEHIENE L BN @ EYE, i
y TR, BLUOTAYEREEN ST AL TE
%o ZOFME R L CRIEE oM, BitEszc
L CRE L KR AT 5 REGARC™ME T 7 4 ¥
(K9) LI T2,

4.2 MI%&BEWBEMEERORE

FHEBOEIERILRE Y 7T — ¥ DT, EEEE R
FOEMMBTLA 7 AN —%5RE LT, AlE#o#E
EIEHFEGRLZEIBEM L T Wb, ALREET— 7 D0
LIEENzET VT, ANHMORBELZHHATE, 20
ATFA & AR B ZE I D) AN B E 2 BMIFEMITH 5.
BHEMEREICBV T, OSBRI oK, @
MEOIET 1 T 11k, OMBHEEORL, Hififzk
DGR E 72> Tnb, ZOMEITH LBHSEOR)H
L& F o L TB L LT MIBMICEN LTV 5,
WEN S OERT— 5 LR E GUMEOBENRE
RBRICTEH T 2 3B AHBEL TV,

B R B SE CLRM RO R A & T 4R O BRI
T T (=) (CHIEZEFHET 2 Pl &, B
IR OBEWAFE 2 S MR O BEF 2 W5 (<) ([CREZ #
SEBHMN D Do T 1M ERRIEORET N & 5
MORHEL A, @OBIEUE MR SRR & M B AR o L
o GEMEG), @EEROBRESR OIS (5
GHG), @OEHEEROBMITYE BEfE) %R
PEEBLEEOToTW5b, T OWEEME O M %
BLMIFE#ME LTO~ODOLMRE BT (=) -
HE# (<) Hilr (R10) 2B%? Lz $FEM R
SEMBTO T (=) IR TEE D HE AT L
T, WolE), BHEGH 5 BEMEOHER (<) 13K
WAL &2 TR L 72,

BB H DIEERG, BERS D OHEEF &Y
W (=) BRI M EHLRE R AT b 1) DA

7 [ BEGARCTOERZAYUYEDAT |
FAMILIARC™

MG-50R(N)

FAMILIARC™

MG-56R(N)

TRUSTARC™

MG-60R(N)

TRUSTARC™

MG-70R(N)

@MG-XXR(N) [ REGARC™ JO L 2REAV( 7T,

9 REGARC™UIHD A ¥
Fig.9 Dedicated wire of REGARC™

Weld metal
composition

Weld metal

Prediction property

Omsay)

10 MI % 7z Ep R o Rk R
Fig.10 Welding material composition design using MI

102 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 2 (Jan. 2024)



As PWHT
(760°C X 4 h)

Short time aging
(650°C ~5,000 h)

Long time aging
(650°C 5,000~20,000 h)

Laves phase

New nucleation

w precipitates Laves phase
2.8 mass% | mainly at g::::_:rvrzz phees coarsened
grain boundary
ey e/
New nucleation
w No precipitation and coarsening Laves phase
1.6 mass% | of Laves phase of Laves phase coarsened
occurred

AR Y BB ISR T 5 2 DL wizo,

11 T B0 s 0 BRI e 1 0

Fig.11 Microstructure control of heat-resistant steel weld metal
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Abstract

Efforts to reduce greenhouse gases are accelerating worldwide. The steel industry is one of the sectors that
emit the greatest amount of carbon dioxide, a type of greenhouse gas, making its decarbonization highly
desirable. Currently, the primary method of steel production is through blast furnaces, which rely on coke
and coal as the main heat source and reducing agent, resulting in significant carbon dioxide emissions. Kobe
Steel, in pursuit of decarbonization, is steadily implementing initiatives to reduce carbon dioxide emissions by
lowering the ratio of reductant and incorporating more direct-reduced iron in the blast furnaces. Furthermore,
by combining the company’s expertise and fundamental technologies developed through reduced-iron
manufacturing, raw material pellet plant operation, and engineering projects, Kobe Steel aims at contributing to

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

the carbon neutrality of the steel industry.
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Adsorptive Separation and Catalytic Reaction: Indispensable
Technologies for Sustainable Society
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Abstract

Since the 1980s, Kobe Steel has been refining adsorption separation technology and catalytic reaction
technology and has continued to contribute to a “Green society” and “the creation of safe and secure
communities and manufacturing” through the practical application of distinctive gas separation processes in the
steel and chemical industries, as well as environmental conservation in thermal power plants. In recent years,
as movements towards carbon neutrality and a circular economy have accelerated, it is believed that these
technologies, which involve highly separating substances” and “transforming substances into valuable entities,
will become even more important in realizing a sustainable society with a reduced environmental burden while
effectively utilizing previously discarded resources. This article introduces the evolution of both technologies

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation

and provides examples of their applications while discussing prospects for the future.
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Fig.7 Process flow of exhaust gas treatment in Kobe Power Plant
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Table 1 Evaluation technologies and testing apparatus on catalyst reaction owned by Kobe Steel

Category Evaluation/Analysis Apparatus Application
Catalytic reaction | -Evaluation of low-concentration -Lab-scale test equipment for DeNOXx for powerplants
analysis DeNOx reaction for selective catalytic reduction and industries
-Modelling of catalyst lifetime -4-column PSA test apparatus -Analysis on effect of types
Prediction of coal

-Catalyst performance

-Evaluation of conversion and
synthetic Reaction
- CO:2 conversion
- Hydrogen generation

-high temperature/high pressure | CCU (Carbon capture &
catalyst test equipment

Utilization)

-Methanation

-Reverse water gas shift
reaction

Electrochemical
reaction analysis

-Evaluation of electrolysis
process efficiency
- I-V characteristic
- I-R characteristic

-Electrolytic process evaluation
equipment

Water electrolysis process
-PEM (Polymer electrolyte
membrane) electrolysis
-AEM (Anion exchange
membrane) electrolysis

NOx/NH3/S0:2
Analyzer

Reactor tube packed wnth
honeycomb DeNOXx catalyst

8 TBAA A SO 5Tl 25 1
Fig.8 Test apparatus for DeNOx catalyst reaction
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Fig.10 Change of reaction rate coefficient of DeNOx catalyst with
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Carbon Resource Conversion and Application Technology
Contributing to Realization of Carbon-neutral Society

Shigeru KINOSHITA - Takahiro SHISHIDO - Koji SAKAI
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Abstract

To achieve carbon neutrality, it is essential not only to reduce CO, emissions and sequester CO,, but also to
recycle carbon resources such as coal and biomass. The Kobelco Group is actively developing technologies
to convert these carbon resources into easily recyclable forms, such as fuel products and functional carbon
materials, as well as technologies to safely use them as environmentally friendly products required for a
sustainable society. This paper introduces an overview of the technologies for the conversion and utilization of
these carbon resources and provides application examples. It also discusses the future prospects of technology
development aimed at achieving a carbon-neutral society.

FEATURE : 21 Core Technologies Supporting KOBELCO’s Materiality and Value Creation
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January 10, 2024
Kobe Steel Ltd.

Technical Development Group

RE: Delivery of R&D Kobe Steel Engineering Report, Vol.72, No.2

Dear Sir or Madam,
We would like to express our sincere gratitude for your continued support and cooperation.
Attached please find Vol.72, No. 2 of the R&D Kobe Steel Engineering Report.

If there is any correction or change of address, contact name, etc., please fill in the
required information in the change notification below and contact us by fax or by e-mail.

Best wishes for your continued success,

Attention:

R&D Office, Kobe Steel Engineering Report
Kobelco Business Partners Co., Ltd.

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)
seal number

Remarks

Person makin
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this entry




