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Development of Non-short-circuit-type Wire Feed Control GMAW Process
“AXELARC™”

Yoshiaki KITAMURA - Dr. Kei YAMAZAKI - Shogo NAKATSUKASA - Akira OGAWA - Yoshihide INOUE - Hiroshi HASHIMOTO
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Abstract

While conventional short-circuit wire feed control processes are effective in achieving low spatter and low-heat-
input welding, they present challenges when it comes to high-current ranges, medium-to-thick plates, and multi-
layer multi-pass welding. To address this issue, the world’s first short-circuit-free wire feed control process,
AXELARC™ has been developed, in which the process leverages the inertia for droplet transfer by alternating
the wire feed direction forward and backward. The applicability of the process to the field of medium-to-thick
plates has been examined. The results confirm its ability to achieve low spatter and low fume welding in a wide
range of conditions, from low to high currents. Additionally, it enables deep penetration, high deposition, and
high-speed welding capabilities. The newly developed process is expected to make a significant contribution to

FEATURE : Welding and Joining Technologies

improving welding quality and efficiency in the field of medium-to-thick plates.
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Fig.5 Comparison of spatter generation rate

Wire feed rate : 16 m/min
310 A-38 V-500 mm/min

Wire feed rate:13 m/min
270 A-34 V-400 mm/min
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Fig.7 Comparison of bead appearance in flat fillet welding
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Fig.10 Comparison of penetration depth in Bead-on-plate welding
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Fig.8 Comparison of fume emission rate
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Fig.9 Comparison of wire melting rate
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Fig.11 Comparison of penetration depth in flat fillet welding
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Wire feed rate 7 m/min 13 m/min 16 m/min 21 m/min

Conv. wire
feed control
process (MAG)
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process (CO,)

Smm
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Pulsed MAG
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Conv. CO,-CV
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X112 T3 AREEICB T B EAAIRO L
Fig.12 Comparison of cross-sectional profile in flat fillet welding
(CTWD: 25 mm, Welding speed: 400 mm/min)

Leg Welding Welding
/ Bea(lziD raoce:Zrance length | current speed S(ézcg;sn
pp! (mm) (A) (mm/min)
Pulsed MAG 8 380 420
10 380 300
1st 420
14 380
2nd 260
8 390 500
10 390 360
1st 500
14 390
2nd 310

K13 BHSM & EERCR (P IS APEHE)
Fig.13 Welding conditions and results for flat fillet joint

Leg length :
18mm

Wire feed rate : 19 m/min
380 A-43 V-150 mm/min

14 KHWETINTARBZICBIT S E— FAMLE BARTEIR
Fig.14 Bead appearance and cross-sectional profile in flat fillet welding with large leg length
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(300 A-290 mm/min)

B15 AKPFTAWEEICBIT S E— FABLEEAAEIR (R 9 mmHw)

Fig.15 Bead appearance and cross-sectional profile in horizontal fillet welding aiming at 9 mm leg length
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Welding Machine “SENSARC™RA500” with Highly Efficient Welding Processes
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Abstract

SENSARC™RAS500 is an arc-welding machine newly developed with highly efficient processes. It was launched
in the summer of 2021 as a higher-end model encompassing the current SENSARC™ABS500. This high-end
welding machine is equipped with highly efficient processes and functions suitable for automated welding
of medium-to-thick plates for, for example, architectural steel frames, construction machinery, bridges, and
vehicles, which are Kobe Steel's specialty. This paper introduces the highly efficient welding methods realized
by SENSARC™RA500, including pulsed MAG welding with expanded efficiency, REGARC™ with even lower

FEATURE : Welding and Joining Technologies

spatter, and tandem welding specialized for high-speed welding.
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Fig.1 Outside viewing of welding power source SENSARC™
RA500
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Table 1 Comparison of specifications between development machines and conventional machines

RA500

AB500

Rated output

100%-500 A DC-CV
100%-450 A PULSE
60%-500 A PULSE

90%-500 A DC-CV
100%-400 A PULSE
40%-500 A PULSE

Physical dimensions

W386xD629xH810(mm) | W370xD663%xH685(mm)
71(kg)

69(kq)

Temperature range

Operation
-10°C to 40°C

Operation
-10°C to 40°C

Controller

Control cycle : 12.5us
Sampling cycle : 2MHz | Sampling cycle : 40 KHz

Control cycle : 50us

Connectable device

Welding robot
Welding carriage

Welding robot

Industrial network

EtherCAT
Ethernet/IP

CANopen

7o) BRERE AL L, 100% ] 3 2 KiEICHE K S 872
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Control
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Fig.2 Layout inside the welding power source

,“ Air intake
" | from inside

Air exhaustion
to rear side

Removable
front cover

Air exhaustion
to front side

3 FA FT7u—0fk
Fig.3 Side flow structure

2
3
"
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Fig.4 Outside viewing of wire feeder
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100% i F 3 O 35 KA, B 2SV A EH T
400 AEOBERSEMIC L D mREF L2 WREIC L 7z0 —F1
ELT, VY FTAY ¢ 12 mmDERRIE 2R
51 2/R 3. RABOOD Ik KiFE@M#EEX I FTo
150 g/min %* 5 185 g/min & #20% [ 1 L, SEEFROE
B TAREIC R o 720 72 d8, WISV A EHD100%
EHHIZ450 ATH 525, ¢ 1.2mm T 4 ¥ DEREED
FERALIC & B ERSRIFES AN O B AR 4R 0% e
FEETHE, BHBERITBOARENEREEZZ DN
bo T, —REAYICA00 ABOBERSLMET TR, 79V A
BETH>THMP R ANy FDONEIFR SRS,
RA500 Tl& Z OB f i 72 23V A BTl 2 3R L
TBY, ABEAy ymERY K IETN5S (K
6)o

xR 2 BREEROBHE-F
Table 2 Built-in welding mode

Vr:jlglt(ri‘l:g GAS Wire materials ere(gr:;?eter
DC-CV CO2 | MILD STEEL(SOLID) 12, 14, 16
MILD STEEL(Rutile-FCW) [ 1.2, 1.4,
MILD STEEL(Metal-FCW) | 1.2, 1.4,
STAINLESS(FCW) 1.2
Ar+CO2 | MILD STEEL(SOLID) 1.2
PULSE | Ar+COz | MILD STEEL(SOLID) 12, 14

Melting rate (at CTWD 25 mm, Pulse-MAG)

200 ’,
===t Coventional d

= 180 ventonal ’, ...............
= - 8= - RA500
g | +22%
S 160 -
RS A
L 140 ‘/._
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D 120 |
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100 e
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80 R
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200 250 300 350 400 450 500

Weliding current (A)
Ar80%+COz solid wire, ¢ 1.2 mm,
5 BRI E 7 A YIRS O BItR

Fig.5 Relationship between welding-current and wire melting rate

Travel: 350 mm/min, Solid wire: ¢ 1.2 mm, Conditions: 430 A
6 ANy ¥ BEOMKK
Fig.6 Adhesive spatter reduced by new method
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Welding Welding Wire feed Melting ARC
Pass current travel rate rate time
[A] [mm/min] [m/min] [g/min] [min/m]
1 280 280 12 105
RA500 | 2 430 290 22 190 10.6
3 400 290 20 173 -
1 280 250 12 104 1@'—
AB500 2 380 250 18 154 12.0
3 380 250 18 154
80%Ar+CO, DC-PULSE E; T 16 mm
¢ 1.2 mm, YGW15 V: 50°
CTWD: 25 mm GAP: 5 mm

7 BT ORER LA

Fig.7 Comparative examples of efficiency of butt welding
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Method for modulation base time
X8 feskih: (N— ARRIZF SR

Fig.8 Conventional method (modulating base-time)

Method for modulation peak current

9 #HhHX (¥—2rBRERTX)
Fig.9 New method (modulating peak-current)

Streaming

450 A
Conventional Modulation_base-time

RA500

Modulation_base-time

600 A

Modulation peak-current
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Fig.10 Application image of new pulse control

New method Conventional

Welding current: 600 A, Wire feed rate: 24 mpm
Solid wire (YGW11) ¢ 1.4 mm, CTWD: 30 mm

11 7OV 2 & HER I o L

Fig.11 Comparison between new pulse control method and

conventional pulse control method

Melting rate (at CTWD 28 mm, Pulse-MAG)
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Welding current (A)
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Fig.13 Welding current and wire melting-rate

550 600

EohbT7T—rREEWEFEIL TS, B, RAS00 %
VFELNEE Y AT 2320224 6 IR BBL TV
%o

F7:, RAS00D Y v FAE—FIE, VY vy F74¥IC
MZT, 7997 AR TANICEB Y VT LABHE—
FHHERLCTWD, 7 v F ABERRIE BRI X ) B
EHELTWE720, FH—RREED Y v 7 VBRI
NTEBEREPBEN B E RO, LirL, E5I1I0H
HEEELLEE— FAYERICR DR TV &, Bh=
BN AE S R 7 — )V OREEALD R B Vol
V), 7I9v T ARDTAXEHVLE, TOTALXYDE

12

.~ Conventional

New méthodﬂ

Pulse-MAG, WFR: 20 mpm, CTWD: 30 mm
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Fig.12 Appearance of welding bead

Welding Welding Wire feed Melting ARC
Pass current travel rate rate time
[A] [mm/min] | [m/min] [g/min] [min/m]
1 280 350 9 109
RA500 2 560 350 22 260 8.6
3 450 350 16 189 -
1 280 350 9 109 @_
AB500 2 500 290 18 213 9.8
3 450 285 15 177
80%Ar+CO,, DC-PULSE
¢ 1.4 mm, YGW15 \T/ ;gomm
CTWD: 28 mm GAP: 5 mm

14 22 Eik T O R LB

Fig.14 Efficiency comparison example of butt welding
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2.4 New REGARC™ #?
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Solid wire

Tandem-Pulse-MAG, Travel: 800 mm/min Leg length: 8.6 mm
CTWD 25 mm, Lead: 400 A-32 V, Trail: 360 A-33 V
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Fig.16 Applicable range of tandem welding method using FCW

K3 7997 AAN AT — NI A Y OEMME
Table 3 Advantages of flux-cored wire

Solid wire Flux-cored wire
Welding method Pulse DC-CV
! o Bead appearance A O
Tandem-Dccv-MAG, Travel: 1,000 mm/min Leg length: 8.1 mm Tip durability A O
CTWD: 25 mm, Lead: 400 A-31 V, Trail: 360 A-37 V High speed welding A 0
15 & v FAEREO—#] Versatile A O
Fig.15 Example of tandem welding method
. 100
: N
e N Further
> 60 Reduction reduction
o o 60% 50%
E = 40 ——  —r -
g —
2 20
0
DC-CV Conventional New method

RBREGARC"

D REGARC™

17 New REGARC™ 2 X B3 2%y & B O
Fig.17 Reduced adhesive spatter amount in new REGARC™

JH7E: 2) REGARC™ i3 4t DB IR TH %0
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Table 4 Combination function with robot

+ Welding operation time

- Temperature inside the welding power source
+ Rotation error of cooling fan

+ Fine-adjustment of welding ball removal control
+ Motor overcurrent warning detection level

- Voltage detection error sensitivity adjustment
Welding + Wire-feed load monitor

+ Welding current monitor

- Welding voltage monitor

Maintenance
information

information

8. 77U —>ar
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Rail type welding carriage
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Fig.18 Cooperation with rail-type welding carriage
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4, 2010, p.138-139.
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43, 2022, p.282-283.
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Medium-to-thick Plate Welding Robot System and New Automated Pre-
process Technology

Minoru NAGASHIMA -« Yuta KAWAGUCHI - Taichi IGARASHI

E:- 354
INFECTHERBETRICBWT, BRNAZMDOTEEOT7T—r7E#HEa Ry AT AEMALTE, B
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Abstract

Kobe Steel has delivered a number of arc-welding robot systems for the medium-to-thick plate welding market,
both domestically and internationally. Welding systems are required to achieve cost reduction as well as
improvements in productivity and efficiency. This paper introduces the features of a new arc welding robot
and welding technology that realize these improvements, while showcasing examples of automated-system
implementation for pre-assembly and preheating operations.
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Fig.1 Lineup of ARCMAN™ A series
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Regular posture

2 KfyATACBIT LIRS (ARCMAN™ A60)
Fig.2 Reverse posture of ARCMAN™ A60 (ceiling)

Regular posture

[Reverse posture]

3 KBV AT LIIBIT ATV RLESH (ARCMAN™ A60)
Fig.3 Reverse posture of ARCMAN™ A60 (floor)
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Fig.4 Previous ARCMAN™ (ceiling) & route of cable
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5 RIPY AT LB DHr—7 VR (ARCMAN™ A60)
Fig.5 ARCMAN™ A60 (ceiling) & new designed route of cables
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Fig.6 ARCMAN™ A60 (ceiling) & new designed route of cables &
reverse posture
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Fig.7 ARCMAN™ A80 (floor) & new designed route of cables
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Weaving
direction

8 T EAMILDWEIENETA A —Y
Fig.8 Gap fill-in-the-blank welding construction image

Laser sensor

Weaving

direction/

K9 w1 —¥rrhAs~A AMRICE BT — 2 5k
Fig.9 Arc force dispersion method by weaving customization function

Gap measurement

10 L=ty Fy v 7Rk
Fig.10 Laser sensor & gap measurement
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Control panel
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Fig.11 System layout

Arc welding robot A
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Fig.12 Collaboration with handling robots
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Fig.15 Auto ignition action of pre-heating burner torch
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Fig.16 Temperature sensor of pre-heating burner torch
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Digital Transformation (DX) Technology to Promote Adoption of Welding
Robot Systems

Atsushi FUKUNAGA - Kazuki HIDAKA - Takaya HIGASHIRA « Fumiaki SAWAKAWA - Kohei MATSUSHIMA - Kohei KOMUKAI
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Abstract

The rapid development of information and communication technologies, as well as the widespread use of Al
technologies, is expected to accelerate automation and labor-saving measures in production sites. Kobe Steel
has been developing various functions to automate welding operations and increase the ratio of robots used in
welding processes. However, the adoption of welding robot systems has resulted in new manual tasks such as
teaching and maintenance. By reducing these manual operations, the introduction of welding robot systems can
be more effective than ever before, leading to increased productivity. To overcome these challenges, Kobe Steel
has leveraged ICT/AI technology to develop an automatic function that generates welding programs, reducing
the need for manual teaching work. This feature has been added to the ARCMAN™ Offline Teaching System.
A camera has been mounted on the ARCMAN™ PRODUCTION SUPPORT, expanding remote visualization

capabilities, which is expected to improve safety by reducing the number of workers in high places.
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Robotic Welding System with New Equipment for Steel Structures

Takao TOGAWA - Baini JO * Ryohei KURIYAMA - Shimpei KAWANISHI - Hirohisa KISHIKAWA - Taisei FUJIMOTO
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Abstract

A state-of-the-art welding robot system has been developed for architectural steel frames, featuring the latest
technology such as the ARCMAN™ A60 manipulator and the SENSARC™ RA500 welding power source. The
system is aimed at increasing productivity and has a reduced cycle time compared with the previous model.
This paper provides an overview of the system's components, highlighting the technology that has contributed
to the reduction in cycle time. Specifically, the REGARC™ process is covered in detail, which has been
improved by the new welding power source, and the welding wire, which now benefits from surface treatment
for improved feedability. These advancements have resulted in highly efficient welding conditions, improving
the welding current and speed compared with conventional welding techniques, as outlined in this paper.

FEATURE : Welding and Joining Technologies

Additionally, the development technology used to create the system equipment is described.
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Fig.7 Comparison of spatter generation rate between conventional
process and new process (column t: 22mm, gap: 4 mm)
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Fig.8 Comparison of spatter generation rate between conventional
process and new process (column t: 22mm, gap: 10mm)
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Table 1 Products applied New REGARC™ process

Products’ JIS 23312 T.S. grade of
name classification deposited metal
FAMILIARC™
FAMILIARC YGWI11 490MPa
MG-50R(A)
FAMILIARC™
YGWI18 550MPa
MG-56R(A)
TRUSTARC™
G59JA1UCH 590MPa
MG-60R(A)

*Index of chemical composition;3M1T

4

5 hours continuous welding O Contact tip

@ Inner tube
B Conduit liner

i i
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Amount of contamination clogging (ing/10kg)

Conventional Conventional FAMILIARC™
wire N wire MG-56R(A) Y,
REGARC™ Y
(320A) TED REGARC™ (3504)

9 EAGREHEN FIEWES Y B o—#]
Fig.9 Example about amount of contamination clogging in wire
feeding route parts
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MIAX %@ 52 LT, BREOESREETHRE
L2 T 3 =< VAR EREELENTE S,
3.3 AT LDERERRERIEM
SIMTRRIMRLA2EBY, H7zmREGARC™ 71t 2
TlE, B10D &) ITHEEERB X7 A Vi #E %
M EXEEZERMREE oz TOIKENTEHEE
WL TAXEGHEOFIREHHL, 352 LBLYA
T 7T LADREREE NG E U228 LA T4 % B
FE U720 BASS L7z Hme R T4, EkEBY
1N AZTEDABE3OK]/cm L FIZHIBRLTB Y, itk
O REGARC™ & % oMk ik % MirE 32 & & b Ig,
BHEREBEEEZ LIF5Z LT A 7V 5 4 254
EEBL TV D,
3.4 MFMEE

PER D REGARC™ B &M L Hi 72 R LB Hi &
ERHWT, WERZmmDITAEBLY AT 754
T2 L 7Bk & TR & Hi L 7z /S A IR
F250CBLFC, 37 4 V2 FAMILIARC™MG-56R (A)
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Fig.10 Expansion of welding current range of REGARC™

+ 2 ERD L BIFHE 50 T OBEER ORI R R
Table 2 Comparison of mechanical properties of weld metal
between conventional process and developed process

Item Location | Conventional Developed
TS(MPa) Straight 650 643
Straight 111 108
Eoc(])
Corner 123 124

A L7, BT oORMIEEE LT, 2S8R
FIRRBAE R L ¥ v )V — RGBS R o2 FR 2 12
Mo BB, Yy VUE—MBRAEIET T A Liih HRE
TGRS 7 mm O ETHEML 72, FIRBEL > v
VBRI, & B IHERIE & AR TR
HHNLIEREE T LTS, T2, BARRES
IZoWnWTh, R1oWE~ 27 u5EMNRTEBY,
KB HZICBIE L 2RI B W TS ORI SO
TWb,
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FEONBIZ RS,

ARCMAN™ A60 DHfED—2 & LT, By b 11k
BRBIER DL S22 o THB Y, 1R — 7V %

XI12 ARCMAN™AG0, HBE)/ 2 sffid i
Fig.12 ARCMAN™AG60, nozzle auto changer
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12, ek ¥ A F 2 ARCMAN™MP & # ¥ 2 7 4
ARCMAN™ A60 CTOBYERE O it % 773,

Dbk Xz, BEpEEICHEK S5 ARCMAN™
A60 B X OBHERERR IS A U A % fiA L C & 7295,
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Fig.11 Cross-sectional macro comparison between conventional method and developed construction conditions
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Fig.13 Comparison of related equipment time in structural steel
assembly welding robot system
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Table 3 Comparison of estimate cycle time

Conventional New system
MPx AB500 A60xRA500
Cycle time (min) 201 171
Welding time (min) 148 129
Arc ratio (%) 73.4 75.5
Shielding gas
. 3,689 3,229
consumption (L)
Pass count (pass) 16 16
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FEATURE : Welding and Joining Technologies
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IR SEBEAT?

Characteristics of Robot Welding Joint with Heavy-thickness Press
Columns

Fuyuki ITO - Shigeto TAKADA

31

B 2 EORMIE, BRI E R TW B, BHEO Ry NV ATLAOER
BIOER - SRECHM 7L ZAREMAEHME (FLRATTL) OFEICEY, WESOmmUTOFL A5 4
OFHBIABEMLTV5, $72, SHRENEOmMmAZMZ 5 7L 235 0N RAEh s,

AT, SBROBREMFNEO -2 L2 HHL, WEOmMmZBAATLATTL20aRy MEHEDOKE
WF—Z oW THET 5, BRI, RO R &2 L, B2 80E L TR L 22 AZ - S X
JENERE R BB O MBI D W TR RS, BT, BEDD R LM EEAHONTWD 2 MRS
TWh,

Abstract

Box section columns assembled by welding are commonly used in ultra-high-rise buildings and other similar
structures. With the widespread adoption of welding robot systems and the development of heavy-thickness,
high-strength cold press-formed square hollow section columns (press columns), the application of press columns
with a plate thickness of 50 mm or less is increasing. In the future, an increase in the use of heavy-thickness
press columns exceeding 50 mm in thickness is expected.

This paper presents the fundamental data on the robot welding of press columns with a thickness of more than
50 mm. This technical information can assist decision-making when considering the adoption of robot welding in
the future. The paper includes outlines of the build-up plans and the operation time estimation. It also describes
the heat input, inter-pass temperature histories, and quality of the welding joint confirmed by fabricating trial
works.

The results have shown that the welding joint has achieved reproducible and excellent mechanical properties.

BRERAX-T7—-F
, 47775, GHE7TVAREABIRE, SEEHoRy by 27 4, 550 MPaikdits, A, 7S HRE

FANE =TE, BEHOKRIMLIZEY, B OER -
FREALDEA TV S BREEREY 2 ORI,
4 BLOTB % 8 L CRAE S 0 2 354 4L 37 T2 B 1 A
(Ry 7 AL BMEND) PRIBENDL Z &0 —fk
Tho7ze VolE), HIHERMIC L THIEME DML
ETVAICEDBIE L6 T L A A (DU
TL AT L) 1E, BiETEBBERREDHIRZ LI
X0, ShFECTHPTE2EEYORBIEL LT
720 L L, dAEIZER (BUF60 mm) % 5 (550 MPa
W, 590 MPaflk) OF L A35 AD%, BHaRy b
VAT ADOMINREICLY, EEEEEYICBVTHE
LA RIAE CTld 2 <, RIE 45 mm % 50 mm & 7
VA5 AORMBIPHEMLTW5. 5H%IEHE50 mm
ZHZAHTVATT AORMEMS HAEh, ZOEIC
X, TeRy MEBEOBHAMEIL RG] 2 [7LV A2
TAERDOISINEZELRH I BL YA T 7 T 5L OEBEHE
OREMER] DT EEELRREEO—DIZh b,

AT, FERLHMHEEO—BhE2b 2 L 2 FL,
ME 55 mm & 60 mm P 550 MPafk 7L A a5 4 Ll L
AT 7T AEREROTR Y MEEICHT HERT— 5
WZoWTHET %,

1. BE7TLARFEATEEDBE

Mthix, I FE TEINERKHD 15000 ton#h 7 L A i
1% KT DAl 2 RBGE T3 (bR) & LT, mmEE R mhk
BT VAT LZMBELCEL, 7LAITL2DO—E
1, BEWRETERER 28T,

TV AT AL, EHREC AT O BN TIC X
HWEER ZERE LAt ER g oBE, BRaB Loy

®1 EHEETLZAITLAOBMNEEO T RBREME (e K
HETSE)
Table 1 Specification for mechanical properties of high-strength
column (Sasaki Pipe & Tube Co., Ltd)

rand mame YPor YS 7S vEo
(MPa) (MPa) ()
zggigzz 385~505 | 550~670 | Straight part: =70
SBCP385T Straight part: =70
SBCP385T-725 3857305 | 350~670 c;:ir p[:uat =70
Shcratrgast | 5505 | so~em | oo
Zﬁggﬁgg 440~540 | 590~740 | Straight part: =70

*Exempt from design addendums

CURHREHAN RS A Bl v s — WY AT AN
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%2 SBCP385, SBCP385T, SBCP385TF, SBCP440 %I i
sf (e 4 RELEET3E)
Table 2 Manufacturable size for SBCP385, SBCP385T, SBCP385TF,
SBCP440 (Sasaki Pipe & Tube Co., Ltd)

Thickness
(mm)
Diameter
(mm)
400
450
500
550
600
650~1,000
1,050 B
1,100
1,150
1,200 S
1,250
1,300
1,350 P
1,400 P
*Only SBCP385, SBCP385T, SBCP385TF

28,
19 122 125 (32,140 |45 |50 |55 |60
36

Manufacturable
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Fig.1 Example of steel structure welding robot system
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Fig.2 Schematic diagram of trial work assembly
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Fig.3 Shape and dimensions of trial work (Unit : mm)
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Table 3 Materials
Column SBCP385B
Diaphragm KCL A385C

Welding wire | TRUSTARC™ MG-60R(N)

R4 BHEEMSEM
Table 4 Welding conditions

Maxi
Pre heat | Heat input in?iz:-glal;? Root gap (;rr?golze
°C kJ/
© (Iliem) temperature (°C) (mm) (deg.)
— =30 =250 4,10 35

a) HUF:55 mm b) % :60 mm
a) Thickness: 55 mm b) Thickness:60 mm

4 T
Fig.4 Build-up plans
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Fig.5 Estimated results of robot operation time
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Fig.6 Heat input and interpass temperature records
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ssssssssssssssssssssssssssss

NG RG
10 mm 4 mm

ag BRES5 mm AR
a) 55 mm Straight part

RG | i RG
10 mm i = 10 mm

9 1,234 5678 !u1?$$§ 3
d;ﬂi’?@mm AT

60 mm Corner part

cg 60 mm Straight part d

7 RO~ 7 05
Fig.7 Macrostructures for welding joints

K5 RERESBLIUOTIIV A
Table 5 Excess weld metal and flank angle for weld metal

Thickness: 55mm Thickness: 60mm

Straight | Corner | Straight | Corner
part part part part
Excess weld 15.2%3 16.5%3
metal*! (mm) | 17.6% | 19.5% | 173 19.0
_ Criteria | 10~22 | 10~2075
Flank angle®? | 15073 153%3
) 1595 | g | 133 134
~ Criteria | - -

*1 Excess weld *? Flank angle *3 RG4mm *4 RG10mm

_ ¥ metal j ,
$

R 6 WSRO PR R

Table 6 Tensile test results for weld metals

Straight part Corner part
Test
position YP 7S EL | YR YpP 7S |EL|YR
(MPa) | (MPa) |(%)|(%)| (MPa) | (MPa) |(%)|(%)
Outer 611 676 |30[90| 597 667 3090
Center 663 711 29193 640 698 [31]92
Inner 640 703 [30]91| 638 697 3092
Criteria | =385 | =550 | — | — | =385 | =550 | — | —
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X
1
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Fig.8 Positions of specimens

4775 Al BOND, BOND + 1 mm, DEPO H1g:
7V A25 Al BOND, BOND + 1 mm® 5 fé§ijii & L
72 (M8)e WTNDRBMETHT0 JEBLZLLEL
7EDHER TE TV b,

F#kTF ORI T 2 mm OMEIZIB V) 50 S AR R 2
K9 IIRT, iEE N GENEN, KRFEHNL) »HE4
LRI GAMIOHZMEE LTHONTWAE v —
ZWE (HV) 73350 % 8 2 2 HIE BA 2O B b &
TR LN o7z,

R Y v VYRR
Table 7 Charpy impact test results

. Straight part vEo (J) Corner part vEo (J)
Test position
Each. Ave. Each. Ave.
Diaphragm BOND+1mm | 195 | 176 | 168 | 180 | 182 | 240 | 235 | 219
Diaphragm BOND 216 [ 250 | 166 | 211 | 266 | 261 | 212 | 246
Weld metal 145 | 131 | 138 | 138 | 126 | 174 | 180 | 160
Column BOND 190 | 168 | 150 | 169 | 190 | 182 | 161 | 178
Column BOND+ 1 mm 197 | 233 | 89 173 | 190 | 240 | 216 | 215
Criteria — =27 — =27
350
BM HAZ Weld metal HAZ BM
300 A
250
§ 200
=~
= 150
100 ~

50

-40 =30 -20  -10 0 10 20 30 40
Distance from weld metal center (mm)

9 Al S ARG R

Fig.9 Hardness distribution test results

3.4 FEB

BESSmm E60mmD TS L AIFLEBLY AT 7
T AaEEToOuRy MEERBREERL, EET—5 &
LT, A -8 ZAMIREESERE, BT ORESZ A L
720 SR CIIENZITTHIZR & BMINIEE 2R 5 C
WA ERERRL 72

CITC=817 7 7TOFFEELYHETORAO LR
S0, BHIRIE BN %400 MPafk B £ O
490 MPa#%, HE 9~40 mm DOHPH CHLS T A O R
v MIRFIEE A L TWb, 483, 550 MPafk,
JE60mm LT D7 L A a5 2 @FHHICK L CHiid 2k
FRAALIWEEZ TV,

2 £ X W

1) KREREIED. R&EDMFRAEINR. 2009, Vol59, No.l, p.40-45.

2) SN, RS SEROCEE. 1980, No.300, p.13-20.

3)  NREFEUE . AARBSES ARSI A1 ARG T
2019, p.1141-1142.
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Performance of Preheating-free Type KCLA440 Steel for Construction

Yuki YASUOKA

£

Pl L7307 ) — M KCLAMOH IOV, B L BT O MEoBiN» S, oML MM L7,
TMCPHAMZIEMT 52 E12X ), BHOMEZMEREL 205 BMRMEZ KRS 52 2 &g E %), FH T
) —EBTEL, T2, EERTICOWTIE, THRINS X 5 HAZ RO SR b, o X 2 HAZ o
MA 3K X Y, 90 kJ/mm DK ABIERETH BIF R 2R T & 72

Abstract

This paper presents the performance of newly developed preheat-free KCLA440 steel in terms of base metal
and weld joint properties. The thermo-mechanical control process (TMCP) technology has enabled the reduction
of additional elements while maintaining the strength of the base material, thus realizing a preheating-free
process. As for the welded joints, excellent properties have been secured even in high-heat-input welding of
90 kJ/mm, thanks to the grain refinement achieved in the heat affected zone (HAZ) by the addition of Ti and to
the reduction of the martensite/austenite (MA) fraction in the HAZ by composition adjustment.

BREAX—T7—F

RSN, T T ) —, KRABEHE, WTFEHM% HAZ, MA, Hy, TMCP, Py, ESW

F AL E =0, BEHEWIERIEIEATED, %
PL SN HMRITHEELL T 5, 5l 590 MPa
M EOEREE2 R T 57:0121F, 8K 0ORNEr
BWind b2 N —HHTHE, LArL, S4Eonin
NI AR ZERE (LT, Py v9) OB
Mz E, BEE LD PRSLEE 7 b, FKIZ, BE
ANEREHTAHZEICLY, =LV 7 VO RT TERE
(LLF, ESW &\ 9) DR ABIBHRO BB (DL
T, HAZ & w9) MBI KL LA 4 b EBIR
<NV F AL (LUF, MAE W) ORAHMMEEZRD,
HAZBIVEDH LKL 5 Y 2o X Hi, FP#7
) — B X R ABEEET- B0 PE O W PR 23 i B8 O RS
THo7

11%LClE, TMCP (Thermo Mechanical Control Process,
LUFTMCP & v 9)) SO & it % Efid %
XXy, FETY —BIORABGEERTIEICE
N 775|550 BE 590 MPa$i# KCLA440 # BFS L 720 AFH
TiE, ZOMIENEZHIT 5.

1. O3 LT+

1.1 FRT ) -BJOBRERFIERFROI LT H
—#IZ, BEICHEOBEMEIMIC & b % o TPy A3
bnj—é f:&b, %?f&fﬁ‘ﬂ‘% k 7{2 Z)o PCM % OZZJJ\TL:Té

EPET ) — DR TE BV R ABEERE T
LT, HAZEIZBIT S (1) XA F A M RkEHIL,
BLO (2) MAGFEICE Y IEER 572, (1) 12
LTI, HAZEOIH y RO AL 2 Wi $2 2 &
PEMTHY, TINICLSZ Y VILDORIBROEH % TB &
LT L (2) 1S LTiE, CilhsE O ImRA %) #
WTh 5%, SIZEHEETHMAGEMEKST L &
BHONTWEY 72, CIRINEDOERS &L O°Si L 21t
#TBE LTHRAI L7,

1.2 BMSMEROIC LT

PEF A 590 MPadil Tix, A 4&ItEoRmE#Ein
Z, 754 Y TORBANE GOBMER BT 2
X0 REBEREE, & 12590 MPa 27 5 A O 5| R % fif
RLTWD, wWolR), KREAFEHMIZHAZEEO MA 5%
AR S B 72012, HEREI590 MPa i 12 T C %%
WEE, FSILAELTWDS, &5, P77 —
ROz DIZ P KR EETE Y, AETEORMNE
b KA 590 MPa il 7> HARIK S & 5 LB DH B, ZD
X9 BEP R RSB TR 2R X2 5720
12, TMCPEMAMIZ & 2L Z M L7z, Shick
0, K Pey R BT 590 MPa D5 | HE5R I % Ff
THLIENTET,

UG T OV IR BeTOHE v  —  SBURSERE (B BRSOV I B NNk IRERAT  SUBCHANTE)
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2. KCLA440 DEE45M4

2.1 FREORS

B OS2 1 IR T . BREMOKSIE, ek
FNCHRTCERIERESE, F/4SIVAELTWS SIS
Wb, THIZHAZEOMAGRKKZ - 725 D
Thbo E5HIZ, HAZHIH y WEOHMMILZ H, Tiz
WL Twh,

ClME DR B L O°Si L Z4LIZ & 5 HAZ#E D MA
EROEALER ISR T B RMNEOKIZE D,
MAGHEPETLTWA I EDMHERTE S, TITHRMIC &
5 HAZFDIH y MEOEAEZR 2 12R T, TIRMIC X
D, IHy KDL L TWD 2 EDRERTE 2, F72,
B CIX, TE T ) — RO 7O ICEEILHE DRI =
LS ETEBY, KPPy (£022) {LEFEIHL T2,

2.2 B

FRFEMICR L ChRAER, ¥ v V¥ — i BB & F i
L7 (R2BLUEKI), £1IWIRLAZEHIZ, FFEHM
EHERT 590 MPa il R T Poy R TlddH % D
@, TMCPHEMOIERIZ LD, TIERE, ¥y VE—§
Br& HICKCLA440 DHEIREAE % 53 e LT b,
2.3 BEH

BHIEHI R L Cy IRd el alin e 9206 L 720 35
HBIUORBEREZINENRAIBIUTRSIIRT,
ABAFEM D3 I1E Py (£022) TH D720, T
0CTHHEIIIFEET, PHT Y —Z2MRTE T2,
2.4 BEHRFEH
2.4.1 ESWBFMREFHEIC & /- > TOERIIRE

ESW (3 2 584 15 F s IS AEH S 5 Fil 2 e i
DTS ABDKE L, & TR IPEREIRATRE &

=1 BN
Table 1 Chemical compositions of steels

Chemical compositions (mass%)
Steel
C Si Mn P S Ti Others Pcm
Depeloped 0.09 <0.01 1.50 | 0.005 | 0.002 | 0.012 Mo, V, Nb 0.19
Conventional 0.12 0.24 1.47 | 0.007 | 0.001 | <0.001 Cu, Ni, Mo, V, Nb 0.23

Pcu=C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B

4.0

Test conditions:
| | Equivalent to
heat input 100 kd/mm

3.0
25 r
20
15

10 1
05 r

©0.25%Si
BSi less

Volume fraction of MA (%)

0 0.05 0.10
C content (mass%)

1 C, Siflins & MA 5530 BIfR
Fig.1 Relationship between C, Si addition amount and MA fraction

0.15

g2 IR

Table 2 Results of tensile tests

500
i Test conditions:
s .
< 400 | Equw.alentto
N heat input 100 kd/mm
c
‘s 300 r
)
2
E 200
(2]
s
« 100
.Q
a
0

Conventional Conventional+Ti

2 T X Z1H y KRG L

Fig.2 Refinement of prior austenite diameter by Ti addition

£33 TR L
Table 3 Results of Charpy impact tests

Thickness | Specimen . N YS TS EL YR i E..
(mm) shape Position Direction (MPa) (MPa) (%) (%) Thl(i:«;‘;ss Position | Direction v E,Ja)ve
19 JIS No.5 |Full-thickness C 474 656 39 72 19 | /4t L 284
32 JIS No.4 1/4t G 507 697 30 73 I~ /2 3 972
t
40 JIS No.4 1/4¢ C 518 657 28 79
65 | JIS No4 1/4t c 494 648 25 76 40 174t L 281
100 JIS No.4 1/4¢ C 503 669 27 75 65 1/4t L 303
JIS No.5 |Full-thicki 29=
KCSI;::40 = No4 u ]/l: ness c 440~540| 590~740 = <80 100 1/4t L 231
' ot /R KGLA440 -
C: Transverse to rolling direcrion 1/4t L 70=
spec.
L: Parallel to rolling direction
Specimen shape: JIS Z 2242 V notch
RsD #7548 i%# /Vol. 72 No. 1 (Jun. 2023) 39
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Table 4 Welding conditions for Y-groove weld cracking test

Welding conditions
Thickness| Welding Welding Pre-heating ]
(mm) method material Current | Voltage| Speed Heat input
temperature | oy 1 () [(mm/min)|  (kd/mm)
GMAW JIS Z 3312
100 1o, | Gs9gATUCIMIT 280 | 30 30 168
K5 yIEERI B R 1,600 - )
Table 5 Results of Y-groove weld cracking test l tp: Thickness of diaphragm
1,400
) Pre—heating Cracking ratio (%)
Thickness temperature 1,200
(mm) c) Surface Section Root
0 0 0 N 1,000
w
100 0 0 0 0 =~ 800 0
(&}
0 0 0 -
600 _\65
=60
400
< > 200 e
t,=2
0 1 1 D' 2 1 1

Diaphragm

Pillar (skin plate)

3 Ky 7 AMIZBI % ESWHKFER
Fig.3 ESW joint in BOX column

%% ESWIZR 3 IZ/RT & 9 % i HEM AT HiAE: (R
v I AKE) ICBUAAFU T L= T AT T T LD
B SND 2 LD% v, 22T, HFWEMHRIS
BEERDLAFY T L= T4 T 75 LOWREHMAE
HEFMZOWTHEBE %17 726

—#e1Z, 590 MPa i o HAZ #fkix LA 4 &
MA OREHMETH Y, KM KT 5, HHEE
(HH) ORERF — AT F A4 MZCHBMET LI &
XD, MARBIAICREN L7 — AT+ A M
LA ING, L7zA>T, COMFFMAEWITE,
T bHH800T—=500C DHHEEH (Tc) NEWITL,
MAZGRIIKREL Do VWolE), XA F4 FHER A
A TeARWVIZEMKIZR S, D EOHE2S, Tead
BV EHTFHEIIMRMEC L2 L E 25N 5,

ZZT, AF YT — FAEHWIT LB ABOED
INEL, TeldEL B D, WolZ), ¥4 775 60K
WIFEBHBABDNKE L, TcldEL b, LEA5T,
AF 7= FNEXRHEWIETE, 2OoF AT 77 LENE
WIFETclREL b WA BEEKTICBW T,
AF¥ T —=FEIHLTEA T 75 LENRKT 4
A AT v TETOWEMAGEDEIREHEIN, ¥4 77
FTAEHRATIOmMmEFT THEHEINE, £2C, ¥

20 30 40 50 60 70 80
Thichness of skin plate, t, (mm)

4 fFiADAF Y TL—=F e T AT 7T MBS Terl bR
Fig.4 Tc calculation results for various skin plates and diaphragms

A7 75270 mml FOWREHMD L &, Flit o2
FUTLU—PMEIHLTIA T 7 LIEN4H AL T v
TOEMT T, TehikdEL % A REFF % FEM T
WCEDEBL, TOREEE4I1RT, K4TE, ¥
4775 LERZFELTAF Y7L — NEERZBL ST
EEDTcOEALE T AT 7 I LRETEICERTRLT
Who T, FATIILERZAF YT L—MNED 4%
AZXT v 7OF =5 2HKEDTTy PTRLTWS,
A% v 7L — MNEIFA0~50 mmOHFH (ThbH & A
7 7 F KIED60~70 mm OFPH) 2B WT, TeA A
75 2 EDHERTE b,
2.4.2 ESWiHF#HM4

B CTHLNZI L, TehmAlERDAF T L
— MEH40~60 mm OHEHPHICB T, AF 7L — 1|
40 mm, #4775 560mm%EHAGDOELLEGOMK
FRMEAE % —B & UCaMIi L 7zo LIRS X O]
KaxF6, Wi~ BEHRERS IR K5 XD,
T BT IAARIRREIC 2 > TV 5D Z L DHERT
&b, Yy NVE—HBRFRILEEZR6, ¥ v LY —;
B R 2R 7 IR T ABI0 k]/mm DK ABEREICH
WCh, BRGSO O R~ = 2
TN ITHEESN TV B EHENERTH 5 P27 ]
PEZET2 T 5 LD HRTE 2,
2.4.3 SAW, CO,BEMFHM

Ry 2 ARHOAF YT L= 547752812
ESW2SEH SN 5%, R7ISRT LI, AEHITBW
TRY7T~—T7— 7% (SAW), H-H#IZBWT
W COBHEEN/EM EN G, 2T, FEMIIHLT
SAW HEFHHPE, CO, i HEMk T 991 & 574 L 72,
SAWIZ BT B EH&MNB X UMLK EZERS, Wik
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K6 BELMB X UHLEIR (ESW)
Table 6 Welding conditions and groove shape (ESW)

Thickness Pre-heat Groove shape Welding materials Heat input
(mm) (mm) Welding conditions (kd/mm)
Ii‘ [Welding materials]
- JIS Z 3353 YES-602-M

SP- 40 60 JIS Z 3353 FES-CS
DIA: 60 None 90.2

: \ 4 [Welding conditions])

| 380A-50V
? 12.6mm/min

5 Wi~ 7 o BigHEAR (ESW)

Fig.5 Result of cross-sectional macro observation (ESW)

140 mm|

6 ¥y VY —RERNIRIUE (ESW)
Fig.6 Notch positions for Charpy impact tests (ESW)

K7 VyVE—HERGER (ESW)
Table 7 Results of Charpy impact tests (ESW)

. . Absorbed energy (J)
Thickness Collection site Collta_gtlng Test ter(pperature Notch position
(mm) position (°c) Each Average
77
BOND 48 76
SP:40 . . 6mm below 102
DIA:60 Skin plate side the surface 0 28
BOND + 1 mm 131 67
43

<7 BB RAEE 8 IR T, T SR E T A
HIRRBBIZ > TVAL T EDHERTE %0 ¥ v W E—ilBR
FRIIEZE9, ¥ v VY —REBiE 2T I ITRT,
[~ =27 VOREMNRETH 5 FIt27 T UL % 55
BT 5T ENTERTE 2,
CO BB 2 IBHEMB L UHLEKE R0, W
M~ 7 B FEERZRI018 T, KP4 2 ED
AARIREIC R 5> TVD ZEDHERTE L, Yy IVE—K
¥ v )V ¥ — iR R 2 R 11 1R
Fo F~=a2 7 VOEHRENRETH 2 FIHE27 TP EE+
WIRT B DT E 2,

B PRIUAL 1 2 X111,

Column—to—column joint

Column corner CO, welding

SAW

Bea

7 Ry 7 AREITBIF B SAW, CO, EHMKTH
Fig.7 SAW, CO, welded joints in BOX column
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xR 8 BHELMNB I UBLEIR (SAW)
Table 8 Welding conditions and groove shape (SAW)

Thickness
(mm)

Pre—heat

Groove shape
(mm)

Welding materials
Welding conditions

Heat input
(kd/mm)

65

None

T a

[Welding materials]

65

JIS Z 3351 YS-M1
I 65 JIS Z 3352 SACG-I1
[Welding conditions])
L:2150A-45V
T:1800A-48V
170mm/min

64.6

8 Wi~ 7 o Bl R (SAW)
Fig.8 Result of cross-sectional macro observation (SAW)

65 mm

65 mm

9 ¥y V¥ —R B RIULE (SAW)
Fig.9 Notch positions for Charpy impact tests (SAW)

x99 ¥y E—HERBAERE (SAW)
Table 9 Results of Charpy impact tests (SAW)

Thickness | Collection | Collecting | Test temperature . Absorbed energy (J)
; e o Notch position
(mm) site position (°c) Each Average
133
Central DEPO 130 128
7mm below 121
Flange side the
surface 8
BOND 63 70
68
65 0
90
Central DEPO 100 99
7mm above 108
Flange side the
backsurface 48
BOND 110 78
77
F10 BELEMB X OB (CO, %)
Table 10 Welding conditions and groove shape (CO, welding)
Thickness Pre-heat Groove shape Welding materials Heat input | Welding
(mm) (mm) Welding conditions (kJ/mm) | position
[Welding materials]
- JIS Z 3312
G59JA1UC3IMIT
4\4 /
" > [Welding conditions]
280 A-35V
100 None 300 mm/min <30 Flat
100 .
I ‘_7> Interpgss temperature:
=250°C
Number of passes:
101

R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 1 (Jun. 2023)




K10 Wi~ ok (CO %)

Fig.10 Result of cross-sectional macro observation (CO, welding)

(=11 pl5 e | Single bevel groove BOND

BOND I 1 mm

I N
L il

100 mm

BOND | eliig1Rn]a:I0N |Single bevel groove BOND

I N {50 7 e O N | ;$

~

- ]
7 mm

B11 ¥ v v ¥ B BRI E (CO, )
Fig.11 Notch positions for Charpy impact tests CO, welding

F11 ¥ v VE—FHERBHR (COHH)
Table 11 Results of Charpy impact tests (CO, welding)

Thickness | Collection Collecting
(mm) site position

Test te(l;ng)e rature Notch position

Absorbed energy (J)
Each Average

Vertical

side 7mm below
the surface

Inclined
side
100

Vertical
side
7mm above

the backsurface

Inclined
side

107
Central DEPO 115 116
126
77
BOND 76 73
65
214
BOND + 1 mm 257 226
208
135
BOND 119 134
149
107
Central DEPO 138 119
115
118
BOND 80 112
139
272
BOND + 1 mm 239 253
249
109
BOND 110 110
110

CTV=F721THFE L 72 FE 7V — B KCLA440 $i O 7%
HEICDWT, BB X OB T O KR 2 5 M4 L
720 TMCPHEMTOWEMIC L Y, REMRE % MR L 22 k
TP LSRR E 2 D, FET ) —fLPEBITE 72
T/, BETEEICBILTIE, CHRRB L OSSi L 2L &
% MAKIR, TidRhnc X 2 MM LR R Ic X D, A
90 kJ/mm D K ABIEHERIZ B\ T b B2 g % TR
THEE 2o 72,

BRI T, MEEY o RE L, K2R LE &I,
EO R EEEMENRDLENT VS, TD720, FER
MBI ENOEE SR EEE o Tnb, Y, 2

N H b FERO = — Z\HIE L 72Rah &2 FgE - fefltd
5T EICXY, ERSHBOFRICHIL TV FIFETH
%o

2 £ X B

1) AR #13A gk & . 1979, Vol65, Nog, p.92-101.
2) IF I AR 1981, Vol50, Nod, p.11-19.

3)  BAGEES S AR E - FESI, S, 2017.
4)  SFHFYIEA TH . 1999, Vol.38, No.3, P.236-238.
5)  — Mtk EIEN HARGIRES 1 S B, JTSSIV-13. 2016.
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Welding Method and Welding Consumables for Offshore Wind Power
Generation Facilities

Kosuke YAMAGUCHI - Satoru KANO

E: 34

20504ED A — Ky =2 — I VEBICHTT, ENTIZCOIHEMERVEAETREL A VF -2V ES
FEANOBLDET o Twh, 2 THHELEENEERRZ, BESEENE T o TWAIRETEO—2TH 5, FLEE
NEERMCIE, MHEZ L2 2R E LTEI NNV ERH VO NS, IE4E, WIEAAE LS, LR
MTHBE 7S NVEMBERHENERILL TWE, BERE 2N V2, BERPRHEINTEY, WEKD
IR 2 VA TIER BB RO O NEFNTWD, BT, ThOOERHIIEZ 57012, WERK
DB E T L 7 N a X T VEETIETH S [SESLA™] LkBEYr 7~—V 7 — 27 BN TH 5
[FAMILIARC™ US-29HK / TRUSTARC™ PF-H55LT-NJ # B3 L 72,

Abstract

Japan's domestic policy aimed to achieve carbon neutrality by 2050 has resulted in a growing interest in power
generation methods that employ renewable energy sources with low CO, emissions. Among these methods,
offshore wind power generation has garnered significant attention in recent years. Wind turbines in offshore
facilities rely on foundations such as monopiles for support. With the increasing size of wind turbines, the
monopiles have also grown gigantic in diameter and length, making it necessary to use extra-thick steel plates
for their construction. Welding these plates requires an appropriate welding process and welding consumables.
To meet these requirements, Kobe Steel has developed a new electroslag welding process for welding extra-
thick plates, SESLA™ and welding consumables for narrow-groove submerged-arc welding, FAMILIARC™

US-29HK and TRUSTARC™ PF-H55LT-N.

BRERX—7—F
H—Kry=a— TN, FAETEIRALVF— ELAJ, 284000, WEK, L7 boXT7%EH, SESLA™, kst

YT — VT - EE

FAHNE=201143 11 HISHs4 L2 HARKREFKLL
B, EINOZANVF—BORARE SN, FHiohz iy
—FE L CHATRIALFEF—~0HErE T o T
bo ZOWHT, LIEHESNTWEEANEL A LF
—O—ONFELENFETHY, WMNEETHETT S
IANVF— G20 P 572012, MKW TERR)
HEORKMBAZEARBLEREL TS, HNTYH,
P EEEERX IR BWTTI Y Y F1DOARLYET L
L, ST VER2BIUTT Y FIDOANLD RIATNT
‘/‘Z)l)o

FEREDIEE T, Rl AW, REGER, ik, R
T2 I A PKREL, REEEZHERT 5720121
JAH 1 M 7-) ORBRAROLILOEETH L, B
— & EAEO KB X 2 @k I HE OB B % b 1§58
WZATbh Ty, R1IRTEHIIC, MAREICHT
2 O ERMINIE L BN L T 5, FETIE, &k
1 5~8 MW O RHE A LR FEBICHEM S hTw
%o G1£1310 MW BL o s ) % i 2 % KRR 0
L EE s, B ERIIEER O KBS T &)
Wrehns?,

B 21239 & 912, AT FEE B TR H % 52
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2
250 | 25 2
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Fig.1 Growth of rotor diameter of wind turbines and rated power
for wind power generation®”
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Fig.2 Schematic image of a 5 MW-class offshore wind power
generation facility
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1.2 BERADOEA

SESLA™ T, eI v A B PH C FLAT 70 Bl i M 8
SN, BRESOMmM T T 1 /SATHEBENIETH S
CENHERIN TV S, HIE 80 mm O HIEMAFE D
Brp X OS2 R IR T, BHICIEZ]TIS G 3106

F£1 ABB X OBESLMS
Table 1 Test condition of butt joint welding

FAMILIARC™ ES-XS55E FAMILIARC™ EF-4
JIS G 3106 SM490A,

Wire-flux combination

Base metal 80 mm'x(150+150) mmvx 600 mm-
)
80

Groove configuration

20° [Unit:mm]
A
Welding parameter DCEP, 420 A-47 V-17 mm/min
Heat input 69.7 kJ/mm
Preheat Room temp.
PWHT condition As-welded

6 AT oW~ o

Fig.6 Cross-sectional macrograph of weld joint

K2 BESIEOLFMNS (mass%) * !
Table 2 Chemical composition of weld metal (mass%

C Si Mn P S
0.06 0.20 1.22 0.010 0.004

*1 Location: Center of weld metal

)* !

£ 3 HHEESEOEWOMEE

Table 3 Mechanical properties of weld metal

Tensile properties™ Notch toughness™!
Location | 92%PS| TS |EL Absorbed energy (J)
(MPa) | (MPa) | (%) | [-40°C] (-20°C]
168 186
T s | ser || 190 | N B | g
153 214
191 202

40 mm beneath Avg. Avg.
the face side 438 568 | 25| 176 174 207 200

155 200

162 184
73 mm beneath 446 577 |23 | 159 Avg. 200 Avg.
the face side 163 161 136 173

*1 Tensile test specimen: round tensile specimen, Dia.=6.0 mm, G.L.=24 mm
Impact test specimen: 10X 10 mm square shape, 2 mm V notch based on
AWS B4.0

SM490A Z ] L 720 IEHART- O Wi~ 7 vl 2 X6,
BHREBEOLFRr 2R 2, TORMMTEE 23R 3 1R
Fo WMIESO mmIZB T HEAAIRITH o720 ABL
1369.7 k]/mm X THM L 7225, EHESIE L5755
BLUO-40CTORIZ CAMZHIRTE TV,

2. BEKY TY—T T —UBEMH

WER DB, BEELE ETHEYT~—
T—rEE (DT, SAWEWSH) s Nb, Z0
FRERALICIE, BSOS ER 2 TEO—DOTH
%o ARG G O SAW M FHE L T, FAMILIARC™
US-29HK ~ TRUSTARC™ PF-H55LT-N % #r 72 \ZBi%E L
T2o TOFMELLTICHAT 50

FAMILIARC™ US-29HK i3 #EHH Vv U v K74 ¥,
TRUSTARC™ PF-H55LT-N (&4 o {b# — B Ltk m by
BORYFT7Iv 7 ATHY, WEELXEDLRTITv
AHFERHAL TS, TORER, 79 v 7 Aikito
WAL &) B UAMEE BRBIEIC B B BIF R 2 5
AN 2R L, it (DCEP) B X UK (AC)
THHTEX2H2H 5,

2.1 BELEEOREMAE

FAMILIARC™ US-29HK /TRUSTARC™ PF-
H55LT-N O 4 E oshtfk 2 4 L7z, iliE (DCEP)
BLUORIH (AC) BT 2HEEEROILFE S %K 4
BEOTTORMIMEARSBLIOR7IIRT. &
BREE (550 MPa#) T, —60C £ TOWILLT : L F—28
BIF R BESRAEOND Z EDRRSR TV,

FAMILIARC™ US-29HK ~TRUSTARC™ PF-
HS5LT-N OMLAE T, it (DCEP) T#E#:LA%ED
PR ERAR6IRT, 7T v 7 Aikit ot
XY, PEEMEAKFE R 3 mL/100g & W EE R L
TWh,

2.2 TREMFOREMRE

FAMILIARC™ US-29HK ~TRUSTARC™ PF-
H55LT-N OMLAE THRINE SAW iER R 2 17\, i

x4 BELSEOEES (mass%) !
Table 4 Chemical composition of deposited metal (mass%

Polarity| C Si Mn P S
[FJUS-29HK, DCEP | 0.07 | 0.29 | 1.85 |0.013 | 0.002
[T]PF-H55LT-N"? AC 0.08 | 0.27 | 1.73 |0.013 | 0.002
*1 Location: Center of the deposited metal
*2 Welding condition: 550 A-30 V-420 mm/min; Ext.=30 mm; 4.0 mm wire dia.
*3 [F]: FAMILIARC™ welding consumables,
[T]: TRUSTARC™ welding consumables

*1,2
)

£5 BASEOBMEYELT

Table 5 Mechanical properties of deposited metal '

PWHT | o~ T02%PS| TS | EL

condition ty (MPa) |(MPa)| (%)

[FJUS-29HK, ] DCEP | 514 | 603 | 28
[TJPF-H5SLT-N' | Aswelded == 534 | 618 | 29

*1 Size of impact test specimen is based on AWS B4.0
Tensile test specimen: round tensile specimen, Dia.=12.5 mm, G.L.=50 mm
Location: the same as analysis location for chemical composition
*2 Welding condition: 550 A-30 V-420 mm/min; Ext.=30 mm; 4.0 mm wire dia.
*3 [F]: FAMILIARC™ welding consumables,
[T]: TRUSTARC™ welding consumables
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Fig.7 Transition curves of notch toughness of deposited metal in
as-welded condition "2

*1 Size of impact test specimen is based on AWS B4.0
Impact test specimen: 10 X 10 mm square shape, 2 mm V notch
Location: the same as analysis location for chemical composition

*2 Welding condition: 550 A-30 V-420 mm/min; Ext.=30 mm; 4.0 mm wire
dia.

£ 6 AR R
Table 6 Diffusible hydrogen test results ’

Diffusible hydrogen content (mL/100g)
N=1 N=2 N=3 Avg.

[FJUS-29HK, o

[T]PF-H55LT-N DCEP 3.2 33 33 33

*1 Test method: JIS Z3118, gas chromatography method

*2 Welding condition: 550 A-30 V-400 mm/min; Ext.=30 mm; 4.0 mm wire dia.
Redrying condition: 350°C X 1 h, Welding atmosphere: 11°C X 79 %RH

1

Polarity

xK7 WStk
Table 7 Test condition of both side butt joint welding

FAMILIARC™US-29HK,
Electrode| Leading electrode(L):4.0 mm dia.
Trailing electrode(T):2.4 mm dia. X2 wires

Flux | TRUSTARC™PF-HS55LT-N

Base | JIS G 3106 SM490A,
metal | 80 mm'X(150+150) mm¥ X800 mm"

=8 WH: SN
Table 8 Welding parameters for both side butt joint welding

No. of . ] Heat input
passes Welding parameter (kJ/mm)
1 Single, DCEP, 600 A-30 V-600 mm/min 1.8
Ist 2 Single, DCEP, 650 A-30 V-600 mm/min 2.0
side 38 Tandem, L: DCEP, 650 A-30 V 33
T: AC, 600 A-32 V-700 mm/min :
ond 1 Single, DCEP, 600 A-30 V-600 mm/min 1.8
side | 221 Tandem, L: DCEP, 650 A-30 V 33
T: AC, 600 A-32 V-700 mm/min .

*1 Preheat and inter pass temperature.:100~147°C

MRT-OFEVERE 2 JF L 720 SRS 2R 7, Bkt %
x8, HLHIREETEHZR 8 IR § . Mgtz H
W2y 7 aiEie L, BRATHICIE 24 mm O B % i
MUl7ze &Y FABHROEBRLEZR 9 IIRT, BH#H
MF-OWH~ 7 1 2R10, HHESEOLFRIIT 2RI,
ZORMBEE ZR10IR T HEHERETICBNTY,
SRR L DD, —60C CRAZEEMREZHRTSE

60°
\8‘/\7 1st 1st
27 \\§7// R=8 _
10— 1
< 80 << 80 <
58
43
R 1
/\/\ 2nd ‘\o/' 2nd
40° 16°  [UNIT : mm]

8 PFHJeIIR & it T2

Fig.8 Groove configuration and pass sequences

Welding direction

|

T: AC L: DCEP

CTWD: 35 mm CTWD: 30 mm

Distance: 17 mm
K9 %7 riEHo WA E
Fig.9 Electrode configuration of tandem welding

K10 #EHEMFFOWIH~ 7 v

Fig.10 Cross-sectional macrograph of both side butt joint welding

%9 BEAIEOILFHS (mass%) ™!
Table 9 Chemical composition of weld metal (mass%)
C Si Mn P S
0.09 0.30 1.78 0.014 | 0.003

*1 Location: Center of weld metal

*1

ReD = 881+ /Vol. 72 No. 1 (Jun. 2023) 47



£10 EHAE ORI

Table 10 Mechanical properties of weld meta

1!

Tensile properties™ Notch toughness™
Location 02%PS| TS | EL Absorbed energy (J)
(MPa) |(MPa)| (%) [ [-60°C) (-40°C]
112 161
7mm beneath | 496 | 618 | 33 | 123 | A% | 156 | A8
127 147
162 194
40mm beneath) 550 | 634 | 28 | 181 | V& | 196 | V€
152 196
128 184
73 mm beneath 591 664 | 28 | 130 Avg. 185 Avg.
2nd side 179 146 183 184

*1 PWHT condition: as-welded

*2 Tensile test specimen: round tensile specimen, Dia.=6.0 mm, G.L.=24 mm
Impact test specimen: 10 X 10 mm square shape, 2 mm V notch based on AWS B4.0
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Development of Automatic Welding System for 9% Ni Steel LNG Tanks

Kenta YAMASAKI * Hirofumi MANIWA - Dr. Yoshihiko KITAGAWA - Tsuyoshi MIWA - Keito ISHIZAKI

31
FEOWMPAATNTOLEALRAT A (LNG) Offik - ki shzs s v (LA - ) &, —#
P 9%NIfi CHLE SN T VWb, TOBEHBTIIMAEARR R EORMPELRT L, BuHEIERS NS, &
TIE, 9BNisH O BEIIHT 2 Bidae t, wReRIbZ HIICSs L2 TR HEH Ry b ¥ 27 212220 THRAT
bho RY AT AL, HAKMERORY FE2R=212, WOMNFHE, vy oy 7, BHEER REEgEstr
IUNIFHHMING 7 v 7 DEEIZEHLETHEL, INSEZHMAGHET—D2ODIATLELLZLDTHL, 2D
TRy hYATFLEFCDLZ LT, O%NISHONINEHELICBWTRELRWEOBERET 2L TE, F
TeARL =%k 0Ky FZERHICE ) RIERFIPETE LI EBWLNnE R o7

Abstract

The demand for liquefied natural gas (LNG) is expected to rise, and 9% nickel steel is the material of choice
for tanks (both for land and sea applications) used to store and transport it. However, welding such tanks
requires high skill levels and is prone to defects like lack of fusion. To address this issue, this paper introduces
a portable, specialized robot system designed for the highly efficient and deskilled welding of 9% Ni steel. The
system utilizes a cartesian coordinate robot with mounting fixtures, sensing methods, welding power supply,
and optimal welding conditions tailored to the manufacturing of 9% Ni steel LNG tanks. This robot system
allows welders to produce sound-quality welded joints during vertical welding of 9% Ni steel with reduced
defects. Furthermore, an operator can employ two robots simultaneously, leading to significant improvements in

FEATURE : Welding and Joining Technologies

efficiency.
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Fig.2 Schematic diagram of improved sensing method
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Fig.3 Nozzle appearance after 40 minutes continuous of welding
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7 B HERBR O RN D W TR T 5o

9WNISHHING ¥ » 71F, BRI sShD [k
Wy 7] L, T oOERLBRE Y 7 & LT
END S 7] CKIEN D, ZNOIZERERIC
PR SN LM REA R A2 5 720, NiZEFCW 21
PREMIARC™DW-N709SP (f& /) & PREMIARC™
DW-N609SV (filil) @ 2fii% 54 v+ v 7L Twh,
WINOREE D, VIEEROMEEEIEN S i3It
Thbo 21 L 22/ TR LAZEBY, KI700h k> ¥
Y LEREBRCOE LT, TRhZhoONIEFCWICE
WCHGHE R RN (B -EE - HE -1 - s
Jiik) LAY — U HHBINICER SNz, OB
Fff - BB/ S S — 2B IR AR & i L 72k
31HiL 328 TR RIF M ES SN0 T, DL
TICRERT %,
3.1 BELEALNG4Z> 7 BERH

Fe EFILNG ¥ ~ 7 O @ #06 T.% % L 72 KI-700 O 5#
HEHZ2R1IIRT, 72, BEBLEHLNGY v 7 HiaH
7 4 v PREMIARC™DW-N709SP & O #l & & b ¥ T,
BWIE12 mm OMFHEEZ ANSLMEE LCHBIER S U
TWRBRSBOM D RER2 IR T, ZOfEE
b, EBRICHLERZER L. 2OTEIL, 1stfllix

F1 KI700 0@ (B 1 LNG & >~ 7 {1:4f)
Table 1 KI-700 applicable groove dimension for aboveground
LNG storage tank

Welding position Thickness Groove angle Root gap

Vertical upward 12-35 mm 55-65° 3-7 mm
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F 2 KI-700 230 L7284 (BUE 12 mm PREMIARC™ DW-N709SP)
Table 2 Welding conditions for PREMIARC™ DW-N709SP generated by KI-700

¥Machining
[back chipping]

¥ Ceramic backing bar
consumable was used.

(mm)

Root gap 3mm
Welding | Arc Welding Wﬁg‘;‘g
current | voltage speed input
150 26 156 1.5
1st
160 26 219 1.1
160 26 132 1.9
2nd
160 26 114 2.2
Root gap 7mm
Welding |  Arc Welding | Welding
current | voltage speed inout
(A) W) | (mm/min) | PPO
150 26 96 2.4
1st
160 26 162 1.5
160 26 132 1.9
2nd
160 26 114 2.2

F£ 3 KI-70012 X 2 HkF O € — FAMBL I~ 7 0 B X ORGRERR R (PREMIARC™ DW-N709SP)
Table 3 Bead appearance, cross-sectional shape of weld metal, mechanical test results of weld metal by PREMIARC™ DW-N709SP

Root gap 7mm

Root gap 3mm

Bead appearance

Macro-structure

2

Tensile strength (MPa)
(Test temperature : 20°C)
[Target value = 690 MPa]

754
(Fractured position : weld metal)

725
(Fractured position : weld metal)

Absorbed energy (J)
(Test temperature : -196°C)
V notch
[Target value = 557]

91,78,92

Avg. 87

86,95,78 Avg. 86

A& 75 4~ FHfEl &2 M AA D, 2nd il st
MAFERIC T 54 AR EOMIN T 247572, £20
AP CHBNAERE T - 2B, ¥ — FAMBL Wik~ 2 o
BEBXOBWIEREEZERIISRT. V- FFx v 78
3mmé 7 mmdELLDEMFITBNTDH, BIF42M -
BEMVEREDE SN T b, MTT R CIEH SR
WiEo7zb0n, BMOMERKZmELTBY, E
NEBOHMETDH 5 JIS B 8265 DERZHML L T 5,
WIS X B EHBIEE TR, TR TOR AR
BHEEIIMART00 mmEE L E 2 b b, KI70012B W
TlE, ZoOHIRAZ W20, 1 mPLEEwvoRRERE
ICBWTORE LAl L o Tnd, BN
BRICB L% S 572012, 1 mEOV S
Pk F 2 3 L CRUHRE B2 1T - 720 T OHHS
PREHRER AR BHHEI0 mm 2k L TEAR
BIZBELTBESY, 7u—Fc—VEZ 7% >Tw
%o ZHUZ]JIS B 8265 DA MEHBLME (JIZ Z 3106 D 1 K F
723 28) R+HociiRT sK#ETH ), PREMIARCE™
DW-N709SP & KI-700 D& 812 & 2 £ RN a0 &

£4 KL700A 4B L 7 % % 4 (H)E 16 mm PREMIARC™
DW-N709SP) & X i i ik s -
Table 4 Welding conditions for PREMIARC™ DW-N709SP generated
by KI-700 and radiography results

Welding Arc Welding Welding
current voltage speed heat input
a) v) (mm/min) | (kJ/mm)
150 26 126 1.9
1st
160 26 149 1.7
160 26 136 1.8
2nd 170 27 143 1.9
160 26 116 2.2
. XAir-arc gouging + grinder [back chipping]
1st X Ceramic backing bar consumable was used.
16 —i
2nd
§0° K 60°
Linear defect Spherical defect JIS B 8265

Blow hole 7pieces
(dia. 0.6~0.9 mm)

»Evaluation length in radiography : 900 mm

N.D. Satisfied.
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%5 KI700 0:# M (WA LNG & >~ 7 414k)
Table 5 KI-700 applicable groove dimension for marine LNG

storage tank

Welding position

Thickness

Groove angle

Root gap

Vertical upward

12-35mm

55-65°

0-3mm

%6 KI-700 24 L7284 (UE 12 mm PREMIARC™ DW-

N609SV)
Table 6 Welding conditions for PREMIARC™ DW-N609SV generated
by KI-700
Welding Arc Welding Welding
current | voltage speed heat input
(A) W) (mm/min) | (kJ/mm)
160 27 181 1.4
Ist
170 27 151 1.8
160 25 237 1.0
2nd
170 27 191 1.4
¥ Air-arc gouging + grinder
[back chipping]
1st (mm)
12 R=5~7_ .
: A\ : { =6
2nd 5

W R EVEATERE S Lz,
3.2 MAALNG Z> 7 HEEZMH

HLNG ¥ >~ 7 O T % g L 72 KI-700 058
HPHERSIIRT. MY » 7 TH b 72 E R
kL L, BHEBEOEECTRERMICELLZ VWX IS,
V—bFx v FTEAHMAIZELHLNG 7 > 27 X ) Hkuv
0-3mm&ioTWnbh, 21 TRLAZEIIC, ko
vV HFATEF Yy 70 mmiZBITEY v TRy
VU BRBIRATAEE LI, BLE MOy Yy
FTOMMIADPEELRT V. 20720, HMHLNG
¥ OFEMTIE, BBty v ZEERRA L.

Be L LNG # >~ 7 fls# 7 4 ¥ PREMIARC™DW-
N609SV & DM A A DL T, WE12mm O FHEEE A
NEMFE L7z L EOHERBREFMFOBNERERE
Y. TOMRE DL LT, EBRICHELZER L. €D
FEL, Istflz M 2GIWT L 75 4 » FHl % fAas b
&, 2nd NG IstMlEBRICZ T 7T =2 Vv e s
S4 v ZRAE DRz, 6 D&M THIIAES
To72Bo, ©— A8, B~ 7 0GB X OB
HEER7 ISR T o BUFZRIMB & M ITERED S 5 Tw
HZENDMNS,

FELHLNG ¥ v 7 o4& L, MHOREICS
OB ERBHBLEEELZFMT 272018, BHEREZmO
SEIANAER T 2 R L OO E R & AT o 7o TR
SRR ERBIIRT, WHE1800mmY72) 07
U—FR— VOIS MHTHY, MEARIZFEL TRV,

£R7 K700 X 2 BEEMTOC— RV, Wi~ 2 ok X Ok
WA (PREMIARC™ DW-N609SV)
Table 7 Bead appearance, cross-sectional shape of weld metal,
mechanical test results of weld metal by PREMIARC™
DW-N609SV

Root gap 0 mm

;

=

-8
5

Bead appearance I3
%

Macro-structure

Tensile strength (MPa)
(Test temperature : 20°C)
[Target value = 690 MPa]

Absorbed energy (J)
(Test temperature : -196°C)
V notch
[Target value = 34 ]]

722

(Fractured position : weld metal)

84,80,80 Avg.81

R 8 K700 L7245 (BUE 16 mm PREMIARC™ DW-
N609SV) & X Hade il kg 5t
Table 8 Welding conditions for PREMIARC™ DW-N609SV
generated by KI-700 and radiography results

Welding Arc voltage Welding Welfimg
current W) speed heat input
A) (mm/min) (kJ/mm)
160 27 207 1.3
1st 170 27 194 1.4
170 27 167 1.7
160 25 199 1.2
2nd
170 27 153 1.8
; X Air-arc gouging + grinder
N A [back chipping]
1st y
16 \V __B_=_5~7
S v5:
S60°
Linear defect Spherical defect JIS B 8265
Blow hole 5pieces
N.D. (dia. 0.6~0.9 mm X 4, Satisfied.
dia. 1.0 mm X 1)

3 Evaluation length in radiography :1800 mm

fii i ©» PREMIARC™ DW-N709SP & [l B12, JIS B 8265
DEHHELR 3T S 2 KHETH ), PREMIARC™
DW-N609SV & KI-700 DHLEE12 3BT BRI HLE
B B B ZEEDERR S M 7ze

4. KI-700fERAIC & BT EEEDE EXNR

Ni#&4TiE, ¥— Mo 7 L—F I3z 8d
HNPFEELTCLED) 20, E—FHREOBRICIEZ L —
YEha 74 v THRERET DLENH L, 3FET
Rk 92, K700 % W72 LNG % & 7 s T
O E L RRBENTERTH DL, 00, P
HENAH CTLEEL ENAH700mm Z & O ¥ — Nk Xk
DTIAVTEENHIR S NG, T2, Bk
FOBREMBICEDETRGEZBHTLIL VS22 LD
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N
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N
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S
£
)
K=
& 100
(@]
2
=
1)
= 50
44.8
0
FCW
(1 welder)

KI-700 (one unit)
(1 operator)

® Preparation
® Welding (semi-automatic)

Welding (automatic)

Simulate condition ;
- Assuming construction of marine LNG tanks.
+ Thickness:20 mmXx length:4,000 mm X location:36

B

KI-700 (two units)
(1 operator)

5 AMhE T X A VESERE I o Heig

Fig.5 Comparison of total working hours by various welding procedure

ANEIZ D, 512, KIT7001d A5 7 % BET B
AHMTHRFER T 5 2 L R CBBTRER 720, TRV —%
A= AT 2 HFOR TAEFEZ FRICIT) 2 & SRR
5

ME 20 mm, HEEE 4 moOVIRERT 2 BELY
— N T36 AT & i T L7360, #ESER A R
#E5IRT, BHEERONFRIIA S ZFhE 71—
YDTIA4 Yy FME (= FX), #igoh, avs
7 NFy TRETH Do KI700 % #H$ HHE1CIE, 2
ML — VEREREE L KI7001C X et > v v 7y
WIS % 720\ AR R R K 2 B A%, BHEEILA
L S N5 72DV OVERREHIZK50% 1272 50 W
PRI PHBIERE L AEDS v b o0, BHELR
REHTOBETE B0~ H 4720 o4k mE L &
b0 61, —ADIEEEN2HEDOKLIT00 %2> TR
FICHEAG LB 2ATH S 8T, R S OEERIR R
HERARZ IR TR 40% 5 < % ) THORMEKN S,

ETO=ARTIZ, LNG¥ > 7 ViIaEEh Lo lismk
1t - EHERAL - SR EAIHT B B OB Y H A %
S L7z Sthix THATRDIBEHEINLIBEE YY) 2 —
a vl #HIELTWD, NiziFCW LA GbE7:
KI-70012 & 2 HEpERE Y A7 20&, B R v b -
R - T ) U2 oMM A mH L2, F
SWCHEHEY ) 2= a yBmE B A5, HE, =KV
—a—MIVEHICMIFZZANVF—-L v T75L LT,
INGZ v 72 THhL, KE-TVYEZTIYVT, W
1LCO, % v 7 D= — X B WL L T 5, SN
L7-Masy ) o — v g YR REL, HAaEm%
X Tw<,

Z F X ®

1) BB AVF )T G - D © 20304F/20504F 2 WAk 2 724
il - RERAZABKO T (R). REGRL ANV F—HAEE &
- RS I - RIRT ANRH 23 (F5131). 2021

2) ALIMEZIZH Z X HA A4 B B LK — b 2022, Vol63
2022-4.

3)  abWrZ1E7. R&DMF RFIHCAL 2013, Vol.63, No.l, p.48-53.
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Influence of Various Factors on Toughness of 308L-Series Stainless Steel
Deposited Metal for Liquefied Hydrogen Tank

Hirofumi MANIWA -+ Masamichi SUZUKI + Mayumi ABE

£33}

ARTId, SUS30AL B LKRFE Y » 7 ~o@H % BHIIZ, 308LRA T » L ASEEGBICBIT 54— A7+ 14 MiA
OREEBLNT7 274 MEEN - 196TCIZBIF 2T AV F— e HEIC T TREL, ¥y VE -8R
BRICE DA L7z 2R, WIRZANVF -3 7 2 T4 MNEBOEEEZKRE 2T 505 BENEEZF -2 7
FA MAPARLEC DI E AT R2EAARON, MLFHR VT o4 NEBOZES LR TH S Z LA
LS NTzo BONTHERD S, MRV T R 2N A0V ¥ — LR 12203 515 Cr & NiO#iPl %2 18 5%
L7

Abstract

With the purpose of application to liquefied hydrogen tanks made of SUS304L, the stability of the austenitic
phase and ferrite morphology in 308L stainless steel deposited metal, and their influence on the absorbed
energy and lateral expansion at -196°C have been investigated by Charpy impact tests. The results show
that absorbed energy is greatly affected by ferrite morphology, while lateral expansion tends to increase
as the austenitic phase becomes more unstable, suggesting that the influence of strain-induced martensitic
transformation is dominant. On the basis of these results, a range of Cr and Ni that provide suitable absorbed

FEATURE : Welding and Joining Technologies

energy and lateral expansion at low temperatures has been proposed.

BERX—T7—F

WALKE S > 27, F=AFF A4 MRAT ¥ VAGEREE, KR C A, B R, Md30, MTHE~LVTF Y41 ©,

7 x4 MEE

FANE =0 H—FRr=a— I VOEBIIAITT
IANVFE—JFRE L TORENEH SR TS, KFEiZ
-253CICHHT 5 2 & Tifb L, AR 005 D 1
275728, WALKFEIC X 5 KHBERAHE ShTw
%o WALKEMH 5 ~ 7 OREERICIE, KR U AMEICE
NBEF—AFFA FRAT ¥ L AMOBEHIMET ST
B, SUS304 % SUSS0AL AMEM D —2 & 7% o T\ B
COMMEIIA — AT FHA MHPERZETH D, BHLE
BRI TR~ VT 9 4 NERZA LS 2 & TEN:
HEVER UAMEZ RS ERMbRTWEY, —#kIyIC
SUS304L 1212 SUS304L & » & Cr, Ni% 844 L 72 308L %
DEFMFDEM ENL D, HAbkES » 27 IZHTT 5
BEICIBESRICOENRRE T A (-196C Y v
V¥ —EEEERER I B 1 2 B R = 053 mm?) AVEK
ENb, TD2D, HERDEIERCAMEICENS AT
YU ASEEM B OB IRD LN Twb, BIRLIE,
308L REHEIEIZ 7 24 PEMEVIZE Y ¥y L E—
EEEERERIC B BWINT ANV F =@l b EHE LT
WBEHRY, WALKES v OBBEERICE T2 T4
Y N— (WRC-1992%2 X 5) 234~14ThHhrHrI L %
KOONL0Y, 7274 M EOKBRICIZRAEND 5,

WolZ), FHEOLIFINTTICAT VL AHBESRE
IZBWT, F—A7F A MHZ B E ORI H]
WMLTMIHFR~ VT VA b2ELZXELZET, &
TICBFBRINT A F =DM ETHZEZHLRITL
TwaY, 7 MBESIEF—2FFA FRAF VLR
WEEERP O 7 254 MEEMMKIRIC BT 2 N A
VE—EBEG 2L MELTEBYY, EARREES
B Cr Y& ENINEORA 7 =54 MERICHEL
FlZ$ EHELTWAY,

FROBATHEIZTRY, CAMOREE LTy Y
WY —HEREBFICBITL2WINZ AN F -2 T Wb,
W T L 3 — & M R R B AR L 2T W IE O I B 2%
HHIENRRIASNTWDEY, BREST—ATF
4 b TH25308LABHEEEIIB T HBRICHE»D
L2EAHTH S,

Z ZTARRTIE, SUS3MAL #igifbkE s v 7 miFo
308LARBEAESEIBICBVWT, +—AFF 4 MIOLEE
BLO7 =74 MEEZGIEL TS 20N A
VE—-LRBHREICB LI TEEEZRAAETL L LD,
ZFNSH RN ESED 20O iEEHI D W TG L 724
REWtT 5,

MU PO v 5 — RS
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1. KBRIE
1.1 M

7T v 7 ANOEERSRINEEELSETT v
AADTAXY (T4 XF12mm) 12X 5 MAGHEELZIT
W, 308LARART ¥ L AEAE SIS R E R L7z, WS
1, HIEMLEDCEP, WHEE200A, 7 — 27 HHE28V
=V T A%E100%CO, & L7zo BGIEIRE X UHilE
FEER1TITRTEBY & L7
1.2 Yy I)VE—EEHER, SERERD KCILERS

¥ )V ¥ — i RARERICIE, JIS Z 2242 DFEHEV v F

20°
e ~
2-layer buttering

S 12
<

"~ Steel backing

\\

ASTM
A36

%,
NN,

16

Unit : mm
B 1 BSEIIR & At 24

Fig.1 Groove configuration and pass sequence

RERF % w7z 5IERHRERICIE, JIS Z 3111 A0 534
Bl Hwiz, R ER 2050, JIS Z 3111ICH
D RERF DL DSE O & 7 B ALE 2 HERILL 72,
T b ¥ — i R O BRI X - 196C, 5RO
BRI IZER (20C) & L7z ¥ v W E—fliB R0
BEHEB L ORI AV F— VE-196T) 4> 7
VEn=3 2B 5 Z 72, LRSS G
1253 2RI D, 5ok BREUAE & [F) A& C R 5T
I ZAT 5 720 VEH L 72E SR OIS B L O
MR EZR1ICRT, 2B, BFOMI)34— A
FF A4 PHHORFC0IDTIEDOE T AE G 2 725
12, HIREDB0% SN T v A NMIERT 5 IRE &R
Fo Md;yl3, F—A7F 4 MIOREEEZETMHLS 2
%o GO MZ1EA (1) (RTINS REL T
WA EH W72 XD C, N, Si, Mn, Cr, Ni, Mo I3 &7
EFRPOZILHEDOEE/N—1 ¥ NEIRL, Md, AR
RBIFEF— AT FA MHBRREEL %5, "
Md,,("C ) =483 — 555C — 528N — 10.3Si — 12.5Mn
—10.5Cr — 24.0Ni — 5.6Mo
1.3 e
WAESENEZ TARTIy 727 L, SeEmmsEz M
W 7 okl T L 72

(a)Tensile specimen

X2

(b) Charpy impact specimen

R PR 1

Fig.2 Location of specimen

F1 BRI G & AR’
Table 1 Chemical composition and mechanical properties of deposited metals
Chemical composition (mass%) Mo 0.2%proof Tensile £l . - qre  Lateral
M - . /30 ongation v£-196°C )

“ o s W o we w0 o o M owmn T e s BTG e
1 0.03 0.4 0.9 10.2 19.0 0.065 0.08 3 19.5 135 1.45 -27 389 531 44 42 0.58
2 0.03 0.3 0.9 10.3 18.2 0.017 0.08 3 18.7 12.0 1.55 7 336 497 52 44 0.88
3 0.04 0.3 2.9 10.3 18.3 0.042 0.11 2 18.7 14.0 1.34 -36 382 543 42 48 0.66
4 0.03 0.3 2.5 10.3 18.4 0.040 0.09 2 18.8 13.7 1.38 -29 368 522 47 45 0.64
5 0.03 0.7 1.1 9.5 20.0 - 0.019 0.07 13 21.0 115 1.82 -2 411 598 36 47 0.71
6 0.03 0.3 2.6 10.4 18.4 0.29 0.040 0.09 3 19.2 13.8 1.39 -35 383 528 44 40 0.55
7 0.03 0.7 1.1 9.6 19.9 0.30 0.018 0.08 14 21.2 11.6 1.83 -4 449 646 37 59 0.69
8 0.03 0.3 2.7 10.4 18.3 0.44 0.040 0.10 3 19.2 13.9 1.38 -37 382 527 42 43 0.60
9 0.03 0.6 1.0 9.6 19.8 0.45 0.018 0.07 14 21.2 115 1.84 -2 457 646 31 57 0.72
10 0.02 0.6 0.9 9.2 18.0 - 0.014 0.07 7 19.0 10.8 1.76 35 332 579 47 39 0.88
11 0.03 0.7 0.9 9.2 19.1 0.014 0.07 11 20.1 10.9 1.85 22 395 651 38 55 0.86
12 0.03 0.7 1.0 9.2 20.0 0.015 0.07 16 21.0 10.9 1.93 12 418 658 37 56 0.90
13 0.02 0.7 0.9 9.7 18.0 0.014 0.07 5 19.0 11.2 1.69 23 338 545 51 40 0.93
14 0.02 0.7 0.9 9.6 19.0 0.015 0.07 10 20.0 11.3 1.78 12 358 554 45 40 0.78
15 0.03 0.7 0.9 9.6 19.9 0.015 0.08 13 20.9 11.3 1.86 3 425 642 38 51 0.77
16 0.02 0.7 0.9 10.3 18.0 0.014 0.08 3 19.0 11.8 1.61 10 332 510 50 42 0.87
17 0.02 0.7 0.9 10.2 19.0 0.014 0.08 8 20.0 11.7 1.70 1 363 523 47 34 0.69
18 0.02 0.7 0.9 10.2 19.9 0.014 0.07 11 21.0 11.8 1.78 -9 365 542 47 34 0.63
19 0.02 0.7 0.9 9.2 18.0 0.017 0.11 7 19.0 10.9 1.75 33 346 589 45 40 0.81
20 0.03 0.7 0.9 9.1 20.0 0.017 0.11 16 21.1 10.9 1.93 11 441 656 34 44 0.64
21 0.02 0.7 1.0 10.2 18.1 0.015 0.11 4 19.1 11.9 1.62 8 348 527 48 42 0.83
22 0.03 0.7 1.0 10.2 20.1 0.016 0.11 12 21.2 119 1.79 -13 388 559 39 38 0.57
23 0.03 0.7 0.9 9.6 19.0 - 0.017 0.11 9 20.1 11.4 1.77 10 371 558 43 41 0.76
24 0.02 0.7 0.9 9.6 18.9 0.17 0.015 0.11 10 20.1 11.2 1.79 13 389 577 39 40 0.74
25 0.02 0.7 0.9 9.7 18.9 0.30 0.018 0.11 10 20.2 11.4 1.77 9 395 582 37 44 0.74
26 0.02 0.7 0.9 9.6 18.6 0.39 0.017 0.11 9 20.0 11.3 1.77 14 400 591 34 41 0.74
27 0.03 0.7 0.9 9.7 18.0 2.10 0.018 0.10 13 211 115 1.83 6 468 662 37 47 0.62
28 0.03 0.6 0.9 9.0 21.5 0.34 0.015 0.07 28 22.7 10.8 2.11 -2 467 663 37 43 0.68

*FN: Ferrite number by WRC-1992 diagram , Cr,,=Cr+Mo+1.5Si+0.5Nb , AV7,,=Ni+30C+30N+0.5Mn, Md;,(°C)=483-555C-528N-10.3Si-12.5Mn-10.5Cr-24.0Ni-5.6Mo

56

R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 1 (Jun. 2023)



2. BRBLUVEE

2.1 Y rlE—ERHARBRER
211 BREESIVERRIXILX—-ETIIMMF
> IN— DR

ER L 7-BESROMBHREE 7254 b FvN—
(WRC-1992 K2 X %) OBRZERIS I, Il : L
F—t 7254 b FUN—DOBRER4I1IRT,
H3&y, BEHEE 7254 b -0 RICHIE
ZHBIEESN RV, WolT), TN AV F—2on
TR7294 b FUN=D0~10BEFTE7=51 b
FUN—DORINZEE S TW BRI T L, 10~150#
pCAER LT, 158 BT R EE U A )8
M4TRON, ANSY 12X BE, 316LRA— AT F
4 FRAT VU AHERSESFEIZB TSP F L F —
L7294 MU= ClkoBEmS RSN, FORE
I RV F— DB B — FIC L o T2 bT50 7«
T4 POKMBIERICKRE S EBE 2T 5720 TH 5 Lt
HLTwb, £2C, ShOREBHEROPCRER/E—F
e 39 Cr 44 (Cr,) & Nidd (MVi,) Ok (Cr
Wi /NiYE) &, WIRT A VX —ORER 5 12577,

1.4

1.2
1.0
°
0.8 ® 9
o8
0.6

0.4

Lateral expansion (mm)

0.2

0 5 10 15 20 25 30
Ferrite number by WRC-1992 diagram
3 wESROMIBEELE 7254 P FUN—DBR

Fig.3 Relationship between lateral expansion and ferrite number

by WRC-1992 diagram
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Cr¥if & NI 0B IZUToXZ vz,

Cro=Cr+Mo+15SiH05ND «+everveermeeeeeeeninens (2)

Ni,, =Ni+30C+30N+0SM «+eeeereereeseseeneeens (3)

I T AL F—1%, Cr2¥m=m/NiKEmH ¥ 1.80 F TlEZ
OWIHES> TWERNIKTFLTEY, 18005
LYODFPH TR LAT A A ON, 2L T, CrY
B/NIYEAWIOL EIC R 2 &, HEWY SRk d
ICHE LT b, RiicBIr2%454)m & LTI, Cr
Mg /Ni Y@= 281.80~1.90 DA TN AV F =21
Wbl nwzb, 2OZEMH, CrYm/NiSEDE
BEAZFERT—RFICXE6 72514 MEEOZEAL
B5, WINZ AN F—ICTRESEBELTVWE I LAVRIEE
N5,
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. Ferrite
No. Creg/Nigq morphology
28 211 A
12 1.93 A
20 1.93 A
15 1.86 A
11 1.85 A+L
9 1.84 A+L
7 1.83 A+L
27 1.83 A+L
5 1.82 A+L
24 1.79 L+V
22 1.79 L+V
18 1.78 L+V
14 1.78 L+V
23 1.77 L+V
26 1.77 L+V
25 1.77 \
10 1.76 \
19 1.75 Vv
17 1.70 \
13 1.69 \
21 1.62 \
16 1.61 Vv
2 1.55 vV
1 1.45 Vv
6 1.39 Vv
8 1.38 Vv
4 1.38 V
3 1.34 V

*V : Vermicular ferrite
L : Lacy ferrite
A : Acicular ferrite

Fig.9 Microstructure of vermicular ferrite (No.16)
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Welding Consumables for 780 MPa Class Steel with Excellent Notch
Toughness after PWHT

Satoru KANO + Masayuki NAGAMI + Masahiro INOMOTO - Dr. Takanori ITO
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720 PWHT #® LA T, BERE L& W LR AR R O HRLICER T2 2 & 2 Ao, ThboikdEz
ML TE BBBERE DR EE L, BNz %E S L2, PWHTHO U AN BT 7% 780 MPa #% 50 H 7%
WME L LT, WE7 — 7 B TRUSTARC™ LB-80LSR % #fnit L 72,

Abstract

Over the past few years, the demand for larger structures like spherical tanks and pressure vessels has risen,
leading to a requirement for stronger steel and welding consumables. However, the use of post-welding heat
treatment (PWHT) to relieve welding residual stress has been known to deteriorate the notch toughness of
high-strength weld metal.

To investigate the factors contributing to this deterioration, an analysis has been conducted on the fracture
surface morphology and microstructure after impact testing of weld metal for 780 MPa class steel, with
electrodes for flux-cored arc welding as the main focus. The findings suggest that temper embrittlement and
precipitation hardening caused by carbide are the main reasons for the deterioration of notch toughness after
PWHT. Following several studies, an empirically derived component system of weld metal has been developed
to minimize the negative aspects of temper embrittlement or precipitation hardening caused by carbide after
PWHT. Utilizing these results, Kobe Steel has launched TRUSTARC™ LB-80LSR as a shield-metal arc-welding

FEATURE : Welding and Joining Technologies

consumable for 780 MPa class steel, which boasts excellent notch toughness even after PWHT.
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Table 1 Chemical composition range of weld metals investigated
in this study (mass%)
(] Si Mn Ni Cr Mo | Others
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Fig.2 Fractographs of impact test specimens containing different Mn content at low LMP condition
(a) High Mn content, (b) Middle Mn content, (c) Low Mn content
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Fig.3 Concentration profiles of phosphorus around the PAGB at low LMP condition measured by APT method
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Fig.4 Optical micrographs of weld metals (a) As-welded, (b) Low LMP condition, (c) High LMP condition
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Fig.5 SEM micrographs of weld metals and SEM-EDX analysis results of Ni
(a), (d) As-welded, (b), (d) Low LMP condition, (c), (f) High LMP condition
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YP325 MPa Steel Plate for Cargo Tanks Designed to Carry LPG and NH,

Tomoyuki TONAN - Kiichiro TASHIRO + Haruya KAWANO - Satoshi SHIMOYAMA

BE

Bipe ALt K OMEIIF 72 H BB E LT, 7Y E=TANOMENEE > Twd, TOT Y E=T Rk T
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Abstract

Expectations are growing for the use of ammonia as a new fuel for building a carbon-free society. The steel
plates for cargo tanks transporting ammonia are subjected to stress corrosion cracking, and hence, the upper
limit of their yield point (YP) is specified. Larger cargo tanks to meet the future increase in transport volume
require higher strength and construction efficiency, which has led to the development of a YP325 MPa class,
low-temperature service steel for consolidated-carrying ships for LPG and liquefied ammonia, a steel allowing
high-heat-input welding. The newly developed steel has excellent base metal properties and welding joint
properties with a YP less than 440 MPa. This is a result of the strict control of HAZ toughness improvement
technology and TMCP, combining the suppression of MA formation by low C, fine dispersion of TiN particles
by Ca addition, and promotion of intragranular nucleation by BN. The newly developed steel will contribute to

FEATURE : Welding and Joining Technologies

the improved fabrication efficiency and safety assurance of cargo tanks.
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Table 1 Target properties

Mechanical properties of base metal Mechanical properties of welded joints
Tensile test _ Charpy impact test Tensile test Charpy impact test
YP TS Thch;ness Test temp. vE TS VE
(MPa) (MPa) (mm) (c) ©) (MPa) )
< R
25t<=t2<5 30 gg Transverse Transverse

325~440 | 440~560 = - Ave.=27 440~560 Ave.=27

0<t=351 65 1 Minz19 Min =19
35<t=40 -70 = =

- it o THARINC X 0 TINKL T %2 Ml 5§ S &, HAZ®D
2. BROEZS

R FEDE 2 F7 &2 B AR T IR A
WaRBEH LG E, B, & TR ERT (Heat
Affected Zone, LLFHAZ &) Ok L HLIK
LU, #ETEELFILT B E VD) 8D B, —HRIIC
HAZ BiPE DS #121E, Tao 3 FEFAMTH S Y,

(ODMA (Martensite-Austenite constituent) @ 4zH)

il

QBEREEDOF — AT F 4+ (y) RCHIRALEIH
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of TiN
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|

4| Precipitation of BN |
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Fig.1 Concept for steel plate development
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Fig.2 Schematic illustrations showing temperature profile and target microstructure in the controlled-rolling
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Developed
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Mechanical properties
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Fig.3 Comparison of microstructure and mechanical properties of developed and conventional steels
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Table 2 Example of chemical compositions of developed steel plates

Chemical compositions (mass%) %1

Steel c S Min P S Others Ceq
A 0.07 0.24 1.37 0.006 0.002 Ti,B,Ca 0.30
B 0.08 0.19 1.50 0.006 0.001 Ni, Nb, Ti, B,Ca| 0.35
Spec. =0.14 ]0.10~0.50/0.70~1.60 20.025 §0.025 - §0.41

%1 Ceq=C+Mn/6+(Cu+Ni)/15+(Cr+Mo+V)/5

=3 BAFSH OGO —51

Table 3 Example of mechanical properties of developed steel plates

Tensile test™' Charpy impact test™*
Thickness

Steel (mm) YP TS Test temp. vE
(MPa) (MPa) (c) )

A 12 407 475 -55 321
A 20 381 480 -55 267
B 35 407 488 -65 330

Spec. 325~440 | 440~560 - %27

% 1 Flat tensile specimen:NK U1
% 2 Charpy test specimen:NK U4

R4 BESEMDB X URKTRE

Table 4 Welding conditions and mechanical properties of welded joints

10mm
ﬁ

Welding condition Properties of welded joints
Thickness | Welding ¢ Tensile test Charpy impact test™?
: Heat 1 Test VvE
mm method ;
(mm) 2?2'06\,? w‘;ﬁi;gile nss]iir input LISP Fr:g:re temp. [ TWeld [Fusion| FL | FL | FL
(kyimmy|  (MPa) (°C) metal | line [+1mm|+3mm | +5mm
Wire: Base
TRUSTARC™ US-255 472 metal Surface | 57 87 | 8 | 100 | 197
20 FcB™ [ 60°Y |Flux: 1 12.0 -55
™
FAMILIARCTM PF-I50LT 474 BasteI SBrafck 63 204 167 294 277
FAMILIARC ™ PF-I50R metal urface
i ~ =27(Ave.)
Target properties 440~560 — >19(Each.)
% 1 Flat tensile specimen:NK U2B
¥ 2 Charpy test specimen:NK U4
350 T
-- - :1mm from surface
= 300 { —e— :1mm from back surface | @ ) "
=
2250 4
[0}
5]
- 200 J
[0
2
3 150 4
Q
<<
© 100 ﬁ __________ < Ave.=27J1
i "aA B, Eachz19J
" 50 A A 4 &
1
0 ‘ ‘ I I I -

+1mm +3mm +5mm
Notch location

4 FCB™ A Bk T8 o0 1 B 3Bt S
Fig.4 Impact test results of FCB™ welded joints

5 FCB™EHAT-OWH~ 7 v ko —#
Fig.5 Examples of cross section macrostructure of FCB™ welded
joints
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Fig.6 Example of microstructure near the fusion line of FCB™
welded joints
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Fig.7 Hardness test results of FCB™ welded joints
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Effect of W on Creep Properties of 9Cr-3W-3Co-Nd-B Steel Weld Metals

Hiromi OYAMADA - Hideaki TAKAUCHI - Shigenobu NANBA

EE5

ASME Gr938ii%, #RDICr7 =74 FZMBEMIIW, BEZRIML T2 — T HREL SO -HAMTH 5,
GrO3$fimHma)E 2 x50, WlRIMEA 27 ) — 7HikiE B X O SRR I8 2 RE L. WiRine%
FAL KRB HERO 7 ) — FHMRERTIZ, WEBR$ L 7 ) — FHERERE 258K U 720 650°C TEMER) 2 1 L
LB OB S, Laves HOGFEEDTER E N, Laves I X R T HGRILIC X Y 2 ) — FREI R AsBE K L
TeeEZ oML, WRMELHNT % & Laves OB LML, & SIZEEFR)H O Laves O RLRAL s
N7zo BUERIR O Laves HOMAKALEE L, + A MV FREOHB R LRO7-5HEME L S AF L7z, Laves
HHNE MG [FRENZ 5 ZA DRIKALZPIHI 55 Z 212 & 0 7 ) — T LIS LT A I RENA S 5 6

Abstract

ASME Gr. 93 steel is a heat-resistant steel, in which creep strength is increased by adding elements such as
W and B to the conventional 9% Cr ferritic heat-resistant steel. An investigation has been conducted on the
effects of W addition on the creep rupture time and metallographic structure of weld metals for Gr.93 steel.
The results of the creep rupture test on weld metals with varying additions of W show that creep rupture
time increases with the increasing amount of W. Observations of specimens thermally aged at 650°C have
confirmed the presence of the Laves phase, suggesting that the increase in creep rupture time is attributable
to particle dispersion strengthening by the Laves phase. Increasing the additive amount of W increases the
number density of the Laves phase and, furthermore, suppresses the coarsening of the Laves phase during
thermal aging. The coarsening rate of the Laves phase during thermal aging has been in good agreement with
the calculated value obtained from the theoretical equation for Ostwald ripening. Like MyCg, the Laves phase
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may contribute to the creep strengthening by suppressing the coarsening of the lath size.
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R1 BEREEOLFERD

Table 1 Chemical composition in weld metals

(mass%)
Specimen | c si Mn Ni Cr v Co B Nb N
mark
2.8W-A 2.8 0.3 0.007 | 0.05
WA e o1 | | 05 0.5 9 0.2 3 | SO0 | S 002
2.7TW-B .
W 2.7 0.1 0.3 0.5 0.5 9 0.2 3 0.004 0.08
1.7W-B 1.7

L)) 2Lz, BESBEOLEESERTITRT,
1.2 27U -7k

BRI & PATICE — FRH e D AR g7 i o 3
BB O AN S 7 ) — THEMERER N 2 3R 72 iR
FIRITATERIE AR ¢ 6 mm, RS 2B A 30 mm o AU
& L7zs ABRIEEEIZ 650, I8 1412170 MPa, 80 MPa
L L7
1.3 HBEE

ERE A E T W% (Field Emission Scanning
Electron Microscope, ML FFESEM & w9 ) 12Xk hiE
BEEOMBIEL M L7, BIgEIIEESERD
Y — T RER RS AH Y S AR & L7z AT % ]
ET A0, TANVF =5 B X #oHrEE (Energy
Dispersive X-ray spectroscopy, ML TFEDX &\w9) % H
WTIEHES v ¥V 77— # U L7z
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RF™ Backing Fluxes Three-layer Spreading Method

Kotaro HATAMOTO - Daisuke SUGIYAMA
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Abstract

RF™ is a one-side submerged-arc welding method that can form excellent backing beads even for joints with
thickness differences resulting from factors like linear misalignment and taper. However, when welding thick
plates with a large heat input, the backing bead shape can deteriorate, posing a significant disadvantage. To
address this limitation, this paper presents a new method called the “three-layer spreading method for backing
flux”. This approach involves adding a new backing flux to two conventional backing fluxes and spreading them
in three layers, enabling the formation of a good backing bead even on thick plates with high heat input. The
use of this method is expected to expand the applicable thickness of RF™ leading to improved productivity in
shipbuilding.
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Table 1 Welding conditions in comparison tests of 3 layers spraying and 2 layers spraying

1st electrode 2nd electrode
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Welding speed
Current Voltage Current Voltage Current Voltage Current Voltage (mm/min)
(A) V) (A) V) (A) (V) (A) )
1350 35 1000 32 1200 44 1150 44 880

3 layers 2 layers

\/' XIS

X6 3 2

BEATDET T v 7 ZAD I

2 layers (RF™)

s

Fig.6 Comparison of backing flux between 3 layers spraying and 2 layers spraying
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Abstract

To improve durability and reliability of arc weld joints of automobile chassis parts, we developed welding
consumable that can improve the electrodeposition coating properties of weld bead by adjusting the deoxidizing
elements in the welding wire. In this paper, the lap fillet weld joints were prepared using conventional and
developed wire, and the surface and cross-section of weld slag were observed to investigate the relationship
between oxide state and electrodeposition coating properties. It was confirmed that the composition of the
major oxides in the weld slag of the developed wire is multiple Mn-based oxides, rather than Si-Mn composite
oxides. In addition, it was confirmed that the constitutional state of the Mn-based oxides in the welding slag
changed due to the dilution effect of the base steel plate, and that these also affected the electrodeposition

coating properties.
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Fig.1 Appearance of weld bead before and after cyclic corrosion
testing
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Table 1 Chemical composition of welding wires (mass%)

C Si Mn P S Ti
Conventional wire 0.05 0.75 1.25 0.010 0.004 <0.01
Developed wire 0.05 0.10 1.96 0.010 0.006 Add.
(Low Si wire)
=2 ST O—B)
Table 2 Chemical composition of steel sheets (mass%)
C Si Mn P S Ti
440MPa steel sheet™
<
(SPH440) 0.12 0.02 0.88 0.014 0.004 0.01
Mild steel sheet
(SPCC) 0.02 0.01 0.11 0.017 0.002 <0.01

*Hot rolled sheet.

K3 BHHEEM
Table 3 Welding conditions

Robot FD-V8 (DATHEN Corporation)
Power supply Welbee PSO0L (DAIHEN Corporation)
Welding method Pulse MAG
Shielding gas 80%Ar-20%CO,
Base metal 440 MPa steel sheet
(2.3 mmT*x50 mmWx200 mmL)
Current-voltage 200A-24V
Travel speed 80 cm/min
Travel angle Perpendicular
Contact-tip to work distance 15 mm
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Fig.7 Slag observation point (frame) and back scattered electron (BSE) image (conventional wire, SPH440)
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Fig.8 Results of phase analysis [chemical composition] (conventional wire, SPH440)
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Fig.9 Slag observation point (frame) and BSE image (developed wire, SPH440)
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Fig.10 Results of phase analysis [chemical composition] (developed wire, SPH440)
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Welding Consumables for Pipeline Market

Takahiro YAMAMOTO - Naohide FURUKAWA

BE

AT T A PSRRI A 2 REEBE D72 o TRADDIEFINIHE S 5 T e LTERMIcERLL T
D, % ZOUGEEMEIHMINT 2 L FPRENTV L, X 774 YOPFLHETIE, BHTHERLEzO4%
WE TSRS BTSN, FICHE T — 2 @R, VI Y FIAY, 7997 ARDTAY, T4 7HENE 7
AXBHCSNL, EAEDISA T T4 VHETHFITH SN B EFEMFHIIIMKR CAER B VIREIS RO 5N b,
T72, WA THEOERFAOZOIHEMEERO AL EATE Y, ABERISET 2 EEME RO L6N
TWwao ARTIE, INHO=—XITHIS LZEEM IO W TERRIC X 5P KR 22 5 /T %o

Abstract

Pipelines have gained widespread popularity worldwide as a secure and cost-effective method for transporting
oil and natural gas across long distances, and their laying distance is expected to increase in the future. Girth
welding is the primary method used for laying pipelines, which involves connecting steel pipes on-site using
various welding consumables such as stick electrodes, solid wires, flux-cored wires, and TIG rods and wires.
Welding consumables used for recent pipeline laying work must demonstrate low-temperature toughness and
high tensile strength. Furthermore, there is a growing trend toward automating girth welding to improve
the efficiency of the laying process, which necessitates the development of welding consumables suited to
automated welding. This paper introduces welding materials that meet these needs, including actual joint

FEATURE : Welding and Joining Technologies

performance.
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NRAT T4 YHMEEBET 2HEEIHL D 5D,
API (American Petroleum Institute : >k [® £ {Hi 1% 2%)
Specification 5L “Specification for Line Pipe” ( PL T,
API 5LE v 9) 2SR TR LE R L T b, API
SLICHE SN K7 L — FIEORIEEREZFR1 IR
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F1 APISLICHE SN TWA KT L — B OMEER
Table 1 Strength requirements for each grade steel pipe specified in API 5L
PSL1 PSL2
API 5L
pipe grade YS TS YS TS
(MPa) (MPa) (MPa) (MPa)
X42 2290 2415 290~495 415~655
X46 2320 2435 320~525 435~655
X52 2360 2460 360~530 460~760
X56 2390 2490 390~545 490~760
X60 2415 2520 415~565 520~760
X65 2450 2535 450~600 535~760
X70 2485 2570 485~635 570~760
X80 555~705 625~825
X90 625~775 695~915
X100 690~840 760~990

2. X174 L H58FH*
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%2 WEMEEEREEME (SMAW)
Table 2 Welding consumables for steel pipes (SMAW)

Covered electrodes
_APl 5L Welding Low hydrogen type
pipe grade pass High cellulose type Vertical Vertical
upward downward
Root FAMILIARC™VKOBE-6010 FAMILIARC™LB-52U
FAMILIARC™MKOBE-7010S TRUSTARC™MLB-52NSU
. FAMILIARC™LB-78VS
X56-X60 Hot FAMILIARC'™MKOBE-7010S F:hA/ITf_III_AIég%Lé%-ZszlS FAMILIARC™LB-88VS
™ _ - -
Filler & cap FAMILIARC™MKOBE-8010S TRUSTARGTMLB-22NS
Root FAMILIARC™KOBE-7010S FAMILIARC™MLB-52U
Hot FAMILIARC™MKOBE-8010S FAMILIARC™LB-57
65 FAMILIARC™LB-8018
TRUSTARC™MLB-62
Filler & cap FAMILIARC™MKOBE-8010S TRUSTARC™LB-62D
™
TRUSTARCTMLB—ESZL EAMILIARCT™L B-88VS
Root FAMILIARC'MKOBE-7010S Eé’\dlsl}lﬁggwtgjggﬁ
FAMILIARC™MKOBE-8010S
X70 Hot TRUSTARC™MLB-62
TRUSTARC™LB-62D
Filler & cap FAMILIARC™MKOBE-8010S TRUSTARGTM[B-62L
Root TRUSTARC™VLB-62U
Hot ™| R_
& R 2D TRUSTARCT™LB-98VS
USTARC "LB-67L TRUSTARC™LB-108VS
Filler & cap TRUSTARC™LB-70L
TRUSTARC™LB-106
%3 WEMEEHREEME (FCAW, GMAW, GTAW)
Table 3 Welding consumables for steel pipes (FCAW, GMAW, GTAW)
API 5L Welding Flux cored wire Solid wire 16 wi g
. Wwire or ro
pipe grade pass Ni<1% Ni=1% Ni<1%
Root - - TRUSTARC™TG-S62
Hot FAMILIARCT™MDW-A55E TRUSTARC™TG-S60A
X56-X60 FAMILIARC™MDW-A55ESR TRUSTARC™DW-A55L
Filler & cap | TRUSTARC™™DW-AS5LSR TRUSTARC™DW-PA55L
TRUSTARC™DW-A81Nil
Root - TRUSTARC™TG-S62
Hot FAMILIAR?M DV_V'ASSE TRUSTARC™DW-AB5L MG TRUSTARC™TG-S60A
X65 FAMILIARCTMDW-A55ESR TRUSTARC MDW-PASSL FAMILIARC'™MMG-S58P
TRUSTARC™DW-A55LSR TRUSTARCTMDW-ABSL FAMILIARC™MG-PA50
Filler &cap | TRUSTARC™DW-A8INil TRUSTARC MDW-PAGSL
TRUSTARC™DW-AB5Ni1
Root - — TRUSTARC™TG-S62
- TM:
X70 ot TRUSTARCT/DW-ABINi1 TTRRUUSSTT/-\ARRCCTMDDVYIV-PAASSSSLL TRUSTARC _TG-S60A
] TRUSTARC™DW-AB5Ni1 TRUSTARCT™DW-AGSL
Filler & cap | TRUSTARCT™™DW-AT7OL M
TRUSTARC™DW-PAG5L
Root - TMT .
X80 Hot TRUSTARCT™™DW-A65Ni1 TRUSTARC HDW-AG5L TRUSTARS To-se0AM
) ™ TRUSTARC™DW-PA65L  [TRUSTARC™MG-PA55Ni1
Filler & cap TRUSTARC™MDW-AT0L TRUSTARC™MDW-PATOL - -
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LF¥ vy INAFECTHHSND B LT
— 7 BHRYED L, ERER L, BHEIOKREZTT
R HEEICHDE— PR KT A1 LETH L, HEEE
DR E LT, TR LTSRS oo
BAARPERT W ERBITONL, WEDIL T 54
VHGRTHTIE, #TERomeESEEHINL L
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TRUSTARC™ LB-52NSU ¢ 32mm, &v F32H5
¥ v v 7732 £ TIE TRUSTARC™ LB-52NS ¢ 32 mm
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TRUSTARC™ LB-52NSU
Welding current: 95 A

60°

[Unit: mm]

1 BIJ%IEIR & TRUSTARC™ LB-52NSU (b — R /82D &),
TRUSTARC™ LB-52NS % v 7275 g 245

Fig.1 Groove shape and pass sequence of butt joint welding with
TRUSTARC™ LB-52NSU (root pass only) and TRUSTARC™

LB-52NS

x4 BT — BRI 2MFoOBESMN
Table 4 Welding conditions of SMAW butt weld joint

Welding wire

[Root] TRUSTARC™LB-52NSU ¢ 3.2 mm
[Hot~Cap] TRUSTARC™LB-52NS ¢ 3.2 mm

Welding position

Vertical upward

Polarity

DCEP

Welding parameters

95 A (TRUSTARC™LB-52NSU)
110 A (TRUSTARC™LB-52NS)

Pre-heating/inter pass
temperature

115~130°C

K5 WET— 7 BRCL LM TFEEOLFR S
Table 5 Chemical compositions of SMAW butt joint weld metal

Chemical compositions (mass%)
Location™
C Si Mn P S Ni Ti B
Face 0.07 0.31 1.40 0.008 0.003 0.50 0.013 0.0022
Reverse | 0.06 0.30 1.36 0.009 0.003 0.43 0.014 0.0023

3 Analysis location; Face: 7 mm from face surface, Reverse: 7 mm from back surface

K6 WET — 7 BRI X TR oML
Table 6 Mechanical properties of SMAW butt joint weld metal

Tensile properties™! V notch toughness™?
02508 TS . A Absorbed energy ) FATT
(‘M;a) e | & o Location (Brittle fracture (%)) “c)
6 6
-80°C -60°C -40°C
47(56) 169(26) 162(22)
73(64) 145(30) 172(16)
Face 71(55) 167(26) | 160(26) S
Avg. 64(58) |Avg. 160(27) | Avg. 165(21)
506 | 577 | 25 81
17(79) 93(53) 167(26)
108(56) 92(56) 114(40)
Reverse | q(73) 82(50) 169(26) 58
Avg. 58(69) | Avg. 83(53) |Avg. 150(31)

¥1 Specimen location; 1/2t
32 1010 mm, 2 mm V notch, Notch location; Center of weld metal
Specimen location; Face: 7 mm from face surface, Reverse: 7 mm from back surface

K7 VI FIAYICL BT OB
Table 7 Welding conditions of GMAW butt weld joint

2 WET -7 BRCL2MFEROWIMN~ 7 0 GH
Fig.2 Cross-sectional macro photograph of SMAW butt joint weld
metal

AB%E - EHLShTWwEY Y,

FAMILIARC™ MG-PAS0XHE N4 75 4 »ilisin
FIZBE SN2V ) vy FUAXYTH D, X70F TOME
WZHEM &b, FAMILIARC™ MG-PA50 & H Btk
DMMAG DRI L B MEBERTO—B%HN3 5. &
Bstrak7, BLIRE SBEBLECBIT 2 BHEHRT
SREOWH~ 7 0 EHZR 3, ©— FABlAR 4, &%
WFOLFR 2R 8, BMMITEEEZRIIIRT . KHE
BRBICBWTHRELE— FERPELNLTWS, &
HRET oM, X70 O AR LTk
FEfRIS ) & —40CIZBVWTENRZZ CAME R LTV,
3.4 T2V JRAAYTAF¥

MEEZE- 799 7 ZA0 74 XIZi3FICF 7 =7%
T 7 AR TAXBHSLNTEY, HEEERIC
X5 LEBRECH TSNS, FI=TRTT v 7 AAD
TAX T, BHRICRET AT I PERBEHICE
JAEROFENZB L LT — FERZ% 2, HEs
BEMEDOL LA BIFR DL T 5, BEIEIRIE40
~60°DVELS—HBTH Y, LRIV vy K74

Steel pipe

API 5L X70
1,016 mm dia. x 21 mm wall thickness

Power source

DPS-500P(XIONGGU ELECTRICAL)

Welding equipment

Dual torch welding system A-610 (XIONGGU ELECTRICAL)

Welding wire

[Root] Solid wire ¢ 0.9 mm

[Hot~Cap] FAMILIARC™ MG-PA50 ¢ 1.0 mm

Polarity DCEP

Welding current: 110-230 A
Arc voltage: 22-24 V
Welding speed: 47-70 cm/min

Welding position 5G (downhill welding)
Shielding gas 80 %Ar-20 %CO,, 25 L/min
Pass sequences 8 passes/7 layers[Hot~Cap]
Pre-heating/inter pass 70~110°C
temperature
* Welding parameters are well controlled and programmed at each position

Welding parameters™

YL 2B T HEERE X D DIV DS, ROIEAARDEE
SNDIOMERRIEED Y A7 /N E v, T2, V)
v K74 X O HE)AEE CHEH2HE L 6GRBTORE
WCHBELTBY, WO LMW T4 0 2k
FTHBIET Ty 7 ARD TAXIEUETH Do IR
FETIE, V)Y FIA YRV F>EEEG 250
ThHHA, WREHEICENLTWETI vy 7 AA)TIAY
FHW BERER T ORI BN Tw5,

7597 ARNTAY B HEAEEKRT T, K
A%y FEEAERIIINZ T, BBPIZA T 7B HRICHEE
T5ZERL, BERIINY S22 HVTESICHRE
TELBREMENNLT L E SN D,

TRUSTARC™ DW-PA70L %, Lt A T 7 4PEIC#
HLUTHBELAZX0HMH 75 v 2 AR TAXTH b,
TRUSTARC™ DW-PA70L % i\ 72 6 G LT HON
Pl Co—BlZ2fRNT 5. BHEMER10, FILEIR
ERBHLBI BT 2 BHER TSRO /UG EEXR
5, E— M BlZE6, HHEMKTFEREOILFRS %
11, BMATEE2R1217 3, X803 U Atk
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21mm 18.6-19mm
3.2R
5:0-1.2mm
1.0-1.2mm
75°
3

Internal welding
solid wire ¢ 0.9 mm

External welding

/I

V) R4 YICE 2T ORGIIRE SER LSBT 2EE#TER O~ 7 0GR

Fig.3 Groove shape and cross-sectional macro photographs at each welding position of GMAW weld joint

Welding direction

4 V) y FIALXICLBHTFOL— FibEl
Fig.4 Bead appearance of GMAW butt weld joint

x8 Vv FIAYIZLBMTEEDILFRS
Table 8 Chemical compositions of GMAW butt joint weld

metal
Chemical compositions (mass%)
Location™
C Si Mn P S Cu Ni Ti
Face 0.10 0.73 1.44 0.009 0.009 0.22 0.01 0.002
Reverse 0.09 0.68 1.47 0.008 0.008 0.19 0.02 0.003

X Analysis location; Face: 7 mm from face surface, Reverse: 7 mm from back
surface

19mm

£9 Vv FIA XX HHTEREOBMTEY
Table 9 Mechanical properties of GMAW butt joint weld metal

Tensile properties™! V notch toughness™? CTOD 4
02%08 TS . RA Absorbed energy (J) Hardness (mm)
-2 7 i Brittle fracture (% Hv] *#3
(MPa) | (MPa) | (%) | () | Location (Brite fracture (4)) S

-60°C -40°C -20°C

11

55(60) | 94(38) 13%%

Face 66(60) 104(30) 130(8)
60(60) 74(38) Av

Avg. 60(60) | Avg. 91(35) 12650)

668 | 735 | 31 70 Max.257 | 061

78(38) 105(25) 135(11)

60(53) 103(30) 142(8)

Reverse 77(38) 103(30) 122(15)
Avg. Avg.

Ave T243)| 10528) | 133(11)

X1 Size of tensile specimen; Dia. = 4.0 mm, G.L. =16.0 mm, Specimen location; 1/2t
32 10x10 mm, 2 mm V notch, Notch location; Center of weld metal

Specimen location; Face: 7 mm from face surface, Reverse: 7 mm from back surface
3 Measurement at weld metal
X4 According to WES 1108

£R10 79 v 7 AAD T4 XX BHTFOEESRMN
Table 10 Welding conditions of FCAW butt weld joint
API 5L X80

Steel pipe

1,219 mm dia. X 21 mm wall thickness

Power source

DPS-500P(XIONGGU ELECTRICAL)

Welding equipment

Automatic welding system A-305 (XIONGGU ELECTRICAL)

Welding wire

[Root] Solid wire ¢0.9 mm
[Hot~Cap] TRUSTARC™ DW-PA70L ¢ 1.2 mm

Current type, Polarity

DCEP

Welding parameters™

Welding current: 180-190 A
Arc voltage: 22-23.5 V
Welding speed: 15-24¢c m/min

Welding position

6G (uphill welding with 25° slope )

Shielding gas

80 %Ar-20 %CO;, 25 L/min

Pass sequences

8 passes/6 layers[Hot~Cap]

Pre-heating/inter pass

55~105°C

temperature

* Welding parameters are well controlled and programmed at each position

External welding
TRUSTARC™ DW-PA70L

#

Internal welding
solid wire ¢ 0.9 mm

5 7797 AR TA VL BMTFORLILIRE KEELHBIIB T 2 BHMRTFERO~ 7 uGH

Fig.5 Groove shape and cross-sectional macro

photographs at each welding position of FCAW butt weld joint
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E6 79927 AANTAXICLLHTFOL— FiHE
Fig.6 Bead appearance of FCAW butt weld joint

R11 7997 ZARDTA XX BHFEEOILFER S
Table 11 Chemical compositions of FCAW butt joint weld metal

Chemical compositions (mass%)

Location™
C Si Mn P S Ni Mo Ti

Face 0.05 0.26 1.32 0.008 | 0.006 2.29 0.41 | 0.041

Reverse | 0.06 0.26 1.36 0.008 | 0.006 1.94 0.36 | 0.043

3 Analysis location; Face: 7 mm from face surface, Reverse: 7 mm
from back surface
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K7 A4 XICHARTESER R CEND, 72, B
WCRAET D AT IHPEMBOEREZIHT L LD
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Table 12 Mechanical properties of FCAW butt joint weld metal

Tensile properties™! V Notch toughness™? CTOD *4
02%03 TS . RA Absorbed energy (J) Hardness | (MM
.2 % : (Brittle fracture (%)) [HV] *3
(MPa) | (MPa) | (6 | (%) | “ecation -10°C
-60°C -40°C -20°C

56(38) 79(20) 104(1)
69(38) 90(19) 101(1)
71(30) 86(19) 110(1)
Avg. 65(35) | Avg. 85(19) | Avg. 105(1)
695 | 744 | 23 66 Max.278 | 031
53(38) 74(25) 91(19)
57(31) 67(25) 94(19)
58(31) 78(31) 95(19)
Avg. 56(33)|Avg. 73(27)|Avg. 93(19)

Face

Reverse

X1 Size of tensile specimen; Dia. = 6.0 mm, G.L. =24.0 mm, Specimen location; 1/2t
%2 10%10 mm, 2 mm V notch, Notch location; Center of weld metal

Specimen location; Face: 7 mm from face surface, Reverse: 7 mm from back surface
X3 Measurement at weld metal
¥4 According to WES 1108

FR13 HHYHE T — 7 BHAEOFHILE
Table 13 Features comparison by types of SMAW

Resistance Resistance Low
Types of covered Usability on X against low | Welding
against weld e temperature
electrodes root pass temperature| efficiency
defect N toughness
clacking
High cellulose type O O @) [©] AN
Vertical
L upward ©) ©) ©) JAN ©
ow
hydrogen
type .
Vertical
downward A © © © o

¥ O: Excellent, O: Fair, A: Inferior

K14 779 7 AANDTAXEY ) v FTA Y ORI
Table 14 Features comparison by types of GMAW (flux cored
wire and solid wire)

i - Resistance
Types of welding| , . We.ldaeba'l'ty Resistance against low | Welding Low
materials utomation n ot against temperature | efficiency temperature
position |weld defect clacking toughness
Flux cored wire OK © (€] © O €]
Solid wire OK O @) [} ©) ©

3% ©: Excellent, O: Fair, A: Inferior
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HoHN, HESETICOEEE, SUAESERINS
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ERERLO = —XDH ), HBEEROBEH S K LT
&0 ARTIE, ThHOZEITHIST HEHEMEIZD
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Abstract

Materials Informatics (MI) is attracting attention as a new problem-solving method in developing welding
materials. This paper focuses on the use of data for material design based on MI and examines the effectiveness
of a data utilization platform called “Datalab for welding material development,” which consists of a database
sub-platform and an analysis sub-platform. Through this effort, the effectiveness of MI has been demonstrated
in actual development projects, such as flux-cored wire for steel plates coated with inorganic zinc primer,
and submerged arc welding material for 2.25Cr-1Mo-V steel. In addition, a database infrastructure has been
constructed emphasizing the sharing and utilization of high-quality and abundant training data to support the

MI. A highly usable data storage and analysis environment has been developed.
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Fig.1 Concept of MI application for welding material designing
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Fig.2 Fracture face in longitudinal direction of fillet weld metal
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Table 1 Investigation results of testing materials

Absorbed energy | Creep rupture

Testing materials Prz)ﬁ';;r;ss at -30°C time
) (h)
[ PWHT condition | [705°Cx8h] [705°C*x8h] [705°C*32h]
Conventional material 589 101 747
Former improved material 623 62 958
MI improved material 610 150 1,382
Specification Max. 620 Min. 54 Min. 900

PWHT: Post weld heat treatment

Tensile test: JIS Z3111 Al ( test temperature= room temperature )
Charpy impact test: JIS Z3111 V-notch

Creep rupture test: Test temperature=540°C, Initial stress=210 MPa
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(M1~M4: Groups by the type of raw material)
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Fig.4 Raw material composition ratio in flux cored wire
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Table 2 Chemical composition of deposited metals

Chemical composition of deposited metals ( mass%

C Si | Mn P S Cr | Mo | V W Fe
Conventional material [ 0.48 | 0.6 | 1.0 |0.010] 0.01 | 4.8 | 0.6 | 0.02 | <0.1 | Bal.
MI improved material | 0.46 | 0.5 | 0.9 [0.010{ 0.01 [ 4.6 | 0.6 | 0.02 | <0.1 | Bal.

Specification 0.10- [Max. | Max. [ Max. |Max. | 3.0- [Max. |Max.|Max.

(JIS 73326 YF3B-C-600) | 1.50 | 3.0 | 3.0 | 0.03]0.03|10.0| 4.0 [ 2.0 | 4.0

Testing method: JIS 73326

Testing materials
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Shroud Bonding Technology on Centrifugal Compressor Impellers

Yukihiro NISHIMURA - Yoshihiro NAKAYAMA - Hiroaki ISHII
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Abstract

Closed impellers of centrifugal compressors are made of various materials such as stainless steel and low-alloy
steel due to the working fluid, and also have various combinations of size and blade shapes according to the
specifications of flow rate and pressure. Therefore, the optimum shroud bonding method must correspond to the
material, size, and blade shape. In this paper, the features, applications, and inspection methods of liquid-phase
diffusion bonding and slot welding are explained in detail, in case the common fillet welding is not applicable.
The explanation of liquid-phase diffuse bonding mainly covers bonding theory, tensile-test and ultrasonic testing
results. The explanation of slot welding mainly covers the welding method used for lower thermal deformation,
dimensional accuracy after welding, and non-destructive testing methods.
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Fig.3 Tensile test pieces and ruptured shapes of liquid diffusion bonding

F1 BAERET OFIREE & 0.2% BRI
Table 1 Tensile strength and 0.2% offset yield strength of liquid diffusion bonding test pieces

Test pieces Tensile strength y(i)élfjoﬁts:::tth Test pieces Tensile strength y%éo/:tcr:f':tth
Bl 1.055 1.146 C1 1.056 1.155
B2 1.054 1.211 C2 1.052 1.208
B3 1.052 1.203 C3 1.052 1.206
B4 1.052 1.205 Cc4 1.055 1.184

Tensile strength and 0.2 % offset yield strength are shown as the relative
values to each impeller material specifications.

B and C use different production lots of insert material.
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Fig.6 Appearance of 3D impeller with liquid diffusion bonding
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£2 20y MNEERBR OB & 0.2% FERis )1
Table 2 Tensile strength and 0.2% offset yield strength of slot welding test pieces

Test pieces ) 0.2% offset .
] Tensile strength ] Elongation
location yield strength
DEPO 1.020 1.105 1.267
HAZ 1.144 1.099 1.195
BASE METAL 1.077 1.082 1.317

Tensile strength, 0.2 % offset yield strength and elongation are shown as the
relative values to each impeller material specifications
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Methods of Measuring Welding Residual Stress

Dr.Takuya NAGAI
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Abstract

In general, residual stress often acts as a factor in mechanical damage such as fatigue and corrosion, and its
magnitude and location must be correctly evaluated. To address this, several methods have been proposed. This
paper outlines the characteristics of the strain gauge method and the X-ray diffraction method, both of which are
widely used in the industry for measuring residual stress. Also outlined is the modified internal residual stress (MIRS)
method and its features, this method being capable of measuring internal residual stress. A case study is presented
in which the MIRS method and strain gauge method have been used to measure the residual stress distribution,
including the inside of an additively manufactured object produced by wire and arc-based additive manufacturing
(WAAM), a lamination technique using arc welding technology, which has been attracting attention in recent years.
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Influence of LME Cracks in Resistance Spot Welds of Zinc-coated Ultra-
high Strength Steel Sheets on Joint Strength
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Abstract

LME cracking, seen in resistance spot welds of ultra-high strength steel, has become a subject of discussion
in the automobile industry. However, only a few articles concerning the effect of this type of the crack on
joint properties have been reported. Therefore, in this study, LME cracks were classified into 3 types based
on location and the influence of these cracks on static and fatigue strengths were investigated. Type A
crack, occurring within an indentation of a spot weld, slightly affected the joint strength, while type B crack,
generating on the indentation periphery or outside it, significantly lowered both tensile-shear and cross-tension
strengths, which decreased by up to 35% and 44%, respectively. Type C crack, seen near the interface of the

sheets, deteriorated fatigue strength as well.
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Fig.12 Results of (a) TS, (b) CT fatigue tests
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Fig.13 Surface and cross-section images of welds (a) without crack, with artificial crack (b) on indentation periphery, (c) outside indentation
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FEATURE : Welding and Joining Technologies
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Influence of Steel Sheet Mechanical Properties and Weld Metal
Microstructure on Joint Strength of the Dissimilar-Metal Joining Method
“Element Arc Spot Welding”

Tatsuro OSHIDA - Dr. Yoichiro SHIMODA - Dr. Reiichi SUZUKI
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Abstract

The application of dissimilar material joining methods to ultra-high tensile strength steel sheets exceeding 1,000 MPa
is not fully established, and various issues can arise with the increase in tensile strength of the steel sheet. In
the element arc spot welding (EASW) method, using filler metal for high-strength steel sheets causes a decrease
in the joint’s peel strength as the strength of the steel sheets increases. It is believed that this is due to the low
toughness of the heat-affected zone and the weld metal. To address this issue, the authors have investigated the
possibility of improving the toughness of the weld metal and have found that in EASW joints that use 1,500 MPa
class high-strength steel sheets, the peel strength can be improved by using a nickel filler and austenitic stainless

steel filler metal, while controlling the weld metal near the bond to have an austenite structure.
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Table 1 Strength grade and carbon content of lower sheet

Strength grade . Carbon content
(ﬁp a% Plating (mass%)
590 Galvannealed 0.06
980 Galvannealed 0.09
1,180 Galvannealed 0.13
1,500 - 0.39

#11.0
$69
$4.9

7
cos | JL9] 1.6

Unit: mm
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Fig.2 Schematic diagram of element and dimensions

£2 BHAMN
Table 2 Welding conditions

Shielding gas 100%CO, , 25L/min
Welding current 130~150 A
Welding voltage 23~25V

Welding time 0.7 sec

Extension 15 mm
Mode Wire feed control
Welding position Flat
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TIX 6 (b) Type DIZ/ART & 9 ITEHREIE O SR ~
R s & M ERCHER L 720 F 72, 1180 T T
Type C, DO OO M SR I Nz b,
6 (a) OFFHIRREBEBZEOPTFWHEED D B, 1500
WMFOT NV IWB LV Type COBMKMIRE L 72 o 72/KT
2B, )y ZIRISEER L2 7V ISR B L C
WA DEEIZIZE > TV, i liRRBR %k ORER
Fréi A o s E LIS BV TIE, K6 (o) IRT &
912, 590, 980k T Tld &AM ImFR A & BEA BV
DOBGZEININT R L2 WolZ), 1500 TTlk &
NS 5 R v Pl OBEERSIRIE X 0BG E
WIS CHERE L 720 1180 MK TF-Cld, X 2D IRIm A & B
SEIRICI ERE L22a L, RS R Y RO
EBRSIEIE L OB L R LG50 2 O
HOIDAAE L 720

712, BFo5|REE AMTRE (Tensile shear
strength, LALFTSS) &, +#55kEE (Cross tensile
strength, LLFCTS) Z7R$ o SAGREE ORI LE W,
53R A W BR 2 OB RE 1L Type A% 5 Type B~
LERLIZLDOD, TSSIEEMHTIZBNTTI~I0KN &

FRRETH > 720 Vol S, SHGREDBINIE- T
CTSIE T L, 590 # F0# 7.7 kN IZHK L T, 1500 #k T
TIE3HD2HEEDOHSORN & 20, BKrIEEIL Type
CHh 5 Type DNEERL 72,

BT T 18T O SRR D REFE 73 A A R 8 ISR T, F 7z,
SRR L o 721k (Weld toe) OfiiE%E, X8
WIEPFRE L T 20 AHEAIR ST I SAR SR 21 & 5 37320
~370HV Tdh 5 720 Vo T, BEBEIIZOWVWTIE,
590k T2 B TR EAT341IHV Tdh - 725, HHR
FEOBINZ RIS & < & 0, 980k FT402HV,
1180 #kFT489HV, 1500 #kF T653HV TH -7z, 7z,
WINOMFITBWTY, BUBERI LRI S
N, WRALES O 1 590 Jk T TLE 172HV, 980 #k F T i
289HV, 1180k T- Tl 314HV, 1500 T T & 394HV T
HoTzo

PUFIS, SAGREE & CTS OB X Ok Wi RE D %
BIZOWTEET L, WTFNOMTICBWTYH, 575
TREABRIRE O O & ZSER L, IWETERE 7 5 1k
YR & T o Tz EZFSA ML B (S EE A5 D
LY, FEL 72 EZIRDMESMMRWET, Thbb
ORI TERMISEL EEZ SN b. 2O
1&, 590, 980T CTILIMCAELE & 70 2 BAGLEERHRAL R (X
8 M 35mmfir), 1500 # T Cld e mE (K8 @
L83mmftit) &7%o7ze VolEH, 11804kF CTldin:
SR & B BEIRAL I O X IZR%ETH - 727
0, BOEBRHALEB L OBHSE IO VLTI D TR
THUEEMEDS D O, WO X RS L &
EZAbNb, XRMDERLZIEWHB LR Y N
(B8 ®20~30 mmAyiL) DEGEEIIZ, —HIYIZHE
BABRELGHIRN L TEARE IO VT V¥4 M
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WMRTHIENERE LY, WMPHEEIC X S$ TSSIE
FIZ—EDMEERLIZEEZBND, T2, TIREAW
B RE OB R OB WIEENIK 6 (b) @ Type A5
Type BB L 72512200V TIE, 590fkT-D KR > Fils
DBGZEIRD U ATEA LI N 72 D IR 232 U5,
HR O IEBGE B CTIMITEU LN AE L2 E2 N
5o

3. BESEMRBE EASWMFREDRREF

228 BWTIS00FO CTS BSHF KT B2 &
AHER S N7z720, EASW o H i P O L K I 13k
BREEDOWESLE L E 2 5 b, 1500 kT Tl +F5%
REEAE ORI 2B WT, XD SR Y Nk
DEGEERB L OBHRERTICER L2720, SZRER
L7t o CAEOR S BER &2 ) CTSHE T L7
EEZo6N5, EASWEE7VIWRBIPZL AV b
DFEOBUT CHBERMORMRD Y, ABGHEIZL S
BOE O UAMSESHNETH 5, 22T, FHLI,
UAPED S E T & M REVED D 2 B HSEIRICHER LT
CTSIC FIHloMat 2 A7z BAKMICIE, —ICH
BEB»E LAEOF — A5 F 4 MMk 25 =
TVBIOA—ATF A FRAT Y VAMEBHETIA Y &
T, 1,500 MPa #h sk s R I A & 7 ov I o
EASW #kTF O BRI 2 B4 L 720
3.1 EBREM
3.1.1 #HEMEEeaEH

EHOT7TVIRBLIOZL XY M, 211HEB L UOX
2 LB BEAM % 720 T, # 1 ® 1500 MPa
S e EEE MR, WE14mmE L7 EASW
FLICHWARBEHEIA Y ZETEZL2mmTH Y, Z
DNSHEETB L OMLERTERIITRT, K3 DHE
BT A XY WI~W5%2 TR SN EASW# T %,
DFCIEWIkFE~WokF Ltk %, 72, WIHTF
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DF—=FZ1FI22H THW/Z1500/F R UDHDOTH 5,
EASWHi TICH W B &M 2 R4 ITRT. 74 Y
TERABIUHEASR L 5720, £74 YHOMTARARLE
BBIMVRINEL b X912, BELNZ%E LT
3.1.2 WMFMETMS SO BFHEEEAE

R T 00 B AT 35 X VWA EE A 2 1, 212TH &)
D F B Tlr- 72,
3.1.3 BRELEBEHEESN

KT OBEREREMBICH L, EBSD (Electron
Backscatter Diffraction) (12X 1), EHEEBIBEHNO o
BIOy MHERE L, WEErd, 5|k
IS HENFEE 2 ZERDOR Y FiEfE L L7z,

x£3 BT YOJIISTES L LS
Table 3 Welding wires Japan industry standard number and
chemical compositions

3.2 ERERBLIUVEE

W2~W5kF oW~ 0 GEEZR 9II/RT . Kk
FIZBWT, TFREICEELZ 5258200559
TR BBISHERE S N 2o 720

1012, FlREAMREREZDS X 5% O
W2~W5F O Wi~ 7 BB EL, il W7 % o s 1K
X, BIOHTFOMBMOEHOBKKEZRT, Tl
ABTRER R ORI ICB W TIX, W2~W50#F T3,
10 (b) Type EIZ/R$ &) ICHEHERHS L X~
B AN W S D X 9 SRR L7ze F 72, HlRkeE
AW ERER A O BBR P SR O R TR DI B VLT, W2 Rk
FTIEMI0 (¢) WWRT I ICEAPBEREETh %
ASHEHICHEELZ0IR L, W3I~WHMtFETIid &z
MEHEERMN BRI BB LRI ER L2,

TR ERBZORBIT ICBWTIE, W2, W3jkFT
136 (b) Type DIS/RT L9 ICHIHAR ~ KB L O

I mm e 1 mm

Wire N Chemical composition (%mass) . ‘ ) N .
TN Nigg [ Ni [ C [Mn[Crg] Cr [Mo]Si BB TR L72e volE), W4, WH5HkF
w1 GJSI;AZ 13?1\;3 246| 0.01]006]1.08| 276 1.39] 0.56 ] 0.54 TIE 6 (b) Type CITRT TNV IMALL X ¥
DA b7 5y U ESMEIRC R TR L7 F 72, I
2 1326112.15]0.01 | 1.50121.41]18.68]2.14] 0.39 S EAL =n . " 1) 3a -
W21 ys3i6L R O BT R OMET LIS B VT, W2, W3Rk
w3 JIE{§33()392] 1572 13.52| 0.05| 1.51 [24.20 [23.40] 0.10 | 0.46 FTClE, SO R Y FIBEOBEEEETICE
JIS Z 3321 U720 T2, W2HMP TR S RPBREICHERL
w4 2447121211 0.08]1.54]27.80]2696]0.14] 047
YS310
JIS 7 3334
W5 SNi2061 97.28196.30]0.03]0.15| 0.02 - -10.01
Nigq: %Ni + 30 X %C + 0.5 X %Mn
(,'req: %Cr + %Mo + 1.5 X %Si
x4 HHESMN
Table 4 Welding conditions
Shield gas 100%CO,, 25L/min
Welding current 110~150 A
Welding voltage 21~27V
Welding time 0.7~0.8sec !
Extension 15 mm W4 joint W5 joint
Mode Wire feed control 9 KRET-OWrim~ 7 05
Welding position Flat Fig.9 Cross-sectional macro photos of each joint
I W2 joint W3 joint W4 joint W5 joint
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(a) Cross-sectional macro photos
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(b) Test piece after fracture
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Fig.10 Cross-sectional macro photos of joint after tensile shear test and cross tensile test,
and schematic diagrams of the test piece and cracks in steel sheet of joint after fracture
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Trends in Friction Stir Welding (FSW) Technology

Dr. Yoichiro SHIMODA - Dr. Reiichi SUZUKI

BE

Afaid, OBEFEIERSG (FSW) ORI A =X A, @fE, BEHE, MBFHITA~OERF, OREEE,
BHSRE, SRS EEANOBHNE, OFSWHE - #6Y -V a0y 27 ARFBEEH, @IREFMN IOV CIE
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Abstract

This paper provides an extensive review of the following: 1) the fundamental mechanism of friction stir welding
(FSW), 2) practical examples of its application in the railway, automotive, and aerospace industries, 3) challenges
related to applying FSW to similar metals, dissimilar metals, and high-melting-point metals, 4) current trends in
the system development of FSW equipment and joining tools, and 5) derivative technologies. Notably, the use of
FSW for aluminum joining has progressed in practical applications, aided by the development of control devices
and tool shapes. Additionally, practical applications of joints of dissimilar materials, such as aluminum and
steel, as well as steel-to-steel, are being considered. As joining equipment continues to develop and new FSW

FEATURE : Welding and Joining Technologies

methods are proposed, the range of FSW applications is expected to expand.
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ML E2#EETH2THEELE LT, MBEEORETH LK
W77 — 7 58, BWAETH LRV b - F v b,
75 NI FSW @ 3FsEICO Wi L7 (1), Ol
T5M (EEERS), @ax b GEEMOLENE), O
& AE L7 HBM bR IS, @ORFFRE (3 7 ok
?@ﬂvf&%Eﬁ%)aDﬁ%ﬁm@ﬁﬁf%@Lto
FSWiZ, O TEEE? 2 1) —¥ CE#, o —203
AL, @%l (HEEMAAE), @HBMLTE, @
EmEE T (BEAHBES O OBGEIVNE L, FEERL A
M) R EOEHZAL TV, WolE), OIS (F
Wi 1) ANTELRVI EWEITTH D, MEZ WPERE)
X5 Z e WEEREM L, BESEEA T FHT
L7200 FABIZONWTIF4EE SETHR5S,

FSWi, LRloEFHON L0 T, AR AB
WYL BABROERI/NE W EPPETREJERE
ERTWBEY T, ZoEIZOWT, FSW T nHESMt
WX o TRERDPELLZ EE2HEHIIMRALTVDH,
HBRICAELAEROBEANEZR S R8T, 7 — 7 %

T HBEE TEBIS BT 50 VW olT), FSWT
ii‘ﬁr4mm®A5058|_J:[:0)jc§/\i’)ﬁ‘?%é B 12 %
BkND Y — VAl LAARMEIFET LT L%, HOHN

S Plastic flow of aluminum 7 o .
2 = - > N -
fmm gt (" AL TWEY, O X ) M LARMEORKIIZED,
7’
V. Aluminum (transparent display) | S E ke bR N L A2 N N
L v BRER TEE T A LEO R BN EPEL L 2 DD
> 0y ) =~ 0y ~ - N, ._;4 s
E4 FSWHOMERIBE DA A — %o TOINEITIE, FHIRIZIE U2z d ) 3o kE 53
Fig.4 Image of plastic flow phenomenon during FSW HBETHLEEZON S,
F1 FSW LHERILETE L OFFEILE
Table 1 Feature comparison between FSW and conventional joining methods
Fusion welding (arc welding) Non-fusion welding method
MIG (Metal Inert Gas) Threaded fastener (bolt and nut) FSW
Work environment harm Fume, spatter, ultraviolet Clean Clean
Shielding gas Necessary Unnecessary Unnecessary
Auxiliary materials Necessary (welding wire) Bolt & nut Unnecessary
é Automated system By robot Difficulty By robot or machining center
:g Repair joint (handheld) Possible Possible Impossible
5]
£ Joint shape No restrictions Fllletjmnlvg' s dlfﬂc.Uh Fillet welding is difficult
b1 and pre-drilling required
=l
@ Difficulty
S | Similar metal joining (steel) Possible Possible (need to high melting point
tool material)
Difficulty Possible
Dissimilar metal joining (formation of thick intermetallic Possible (need to control the position
compound layer) of the rotation tool)
. Process temperature Above melting point Room temperature Below melting point
% Microstructure after joining Melt-solld{ﬁed Stmd}l re Not effected Crystal grain refinement
5 (crystal grain coarsening)
=
:g Thermal strain Large Non Little
- Plastic strain Non Little Large
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Thermal strain i Press
-~

Plastic strain :
..hnﬁ::Jﬁﬂ" -
Liquid — Solid
(a) Arc welding (b) FSW

5 7 — 7 5L FSW OZFEME
Fig.5 Deformation mechanism of arc welding and FSW

3. ZILIMETLTOFSWDOERBEREH

FSWId kB HiTh, HBjH, M & v o 72 THEM
fbsNTwb, MEFHEETIFNILLVLOD,
BRI L2285 53 52 RE T2 °%
AL % B8 L7200 #ADSEFRIC AT b Tw b,

3.1 $hEEMm

PREHAR T 4 1%, REMB, A7V RAEE, T
IWMAH D, BIATHHRIIETTVIRTHY, ER
OTIVIMMM S L CHEMETERT A LT, E
HH ORI L ZEVERRO 7D OBEFAS )
PEOWMVAER SN TS (B6 (a)e & HICHEEN
SCHEBLTHET AL, ¥ PN RBUROMH %2 8
STy VT NVAF U (K6 (b)) &, VAR ML
MEMAFDbE T HEEEE L2y 7V A s s (K
6 (c) PIMESINTWD, BEIFZE ATHEFTEISHT
BHY, INHOERPOEMGEERE AT 2 M
DOFNAZIE, WHIIERER I REREIND 7 — 7 BED
BHENTWS, L2L, RIWWRLEEIET—2E
PEIMR ¢ 2 — AT 2 72 D IHEEREEAE
XS IEEBOBEISRRKN L2 (B]) 255
Wi, FSWIZFHEMIZZ Y — ¥ i BRI AEDL
BN, BAEOBRS LD T/MS Vv, SOBHEM AT 1 135
2 THDH DD, Wi LR S RETHADYT
Z572DICFSWHEHADOHMETEOBREDL /NS v, TOX
IICFSWOREZKRELENT LN TE L7720, #&
EH L H FSWOE K SHEA TV L PHEERTF L %25
Tb\%10)~14)0
3.2 HE®E

INFETIE, L OHBFIMMICFSW S ST
W3 (g 2), EROBRALHEIIE, OREEM
NOE, @Y T L OREREL L Vo 2 FEDH
e QO—HIELT, 7—F—FY 2V 75 2%
EIEN D, BAEIZWEOEMZHET 5 TFENRD 5,
FAM R IE L — s, TVIMELIEKI A FT R
NE—NEOBENFSWARIREN D 2 EAH b, X
512, SEAEEH SN TWAEV (BXAHBIHE) ICLE R
Wi, SR 5 OIS L CIRET % 2o ERICHK
Mz, Wity 78R (219 72w) [i3Hc 0K
MEBAENEH XN TWE, ERICITKERO 7V 3
WA B L7z b OB L AR OLED VWA, FE
Bl LTz it 2 SISV 256 0 H 5. Ta
[ DA BLE DR 7 7200, PP L2 Eh 2 g
HLTRERILT 2LEX DY, ZoEATEELT
FSW2aSH WO TWwWb, ZoEHEE LT, HEH
BHEEHEO TV 7THICETENE (R7),

Single—skin extrusion

Car-inside FSW tool

S
Cu baking plate

(a) Railway car structure '

(b) Single-skin extrusion by FSW 1

FSW tool

mnw?me
NI/

(c) Double-skin extrusion by FSW 15

6 HifffifE & FSW I FBAL
Fig.6 Railway car structure and FSW application parts

(d) Cross-sectional photo ')

%2 FSWdHZ6 (HB)HER )
Table 2 FSW application examples
(automobile manufacturers related)

Automotive Applicable models
Parts
manufacturer (release year)
FCX Clarity FC subframe
Honda Motor ACCORD
Co., Ltd.
2012) Front subframe
CIMA Suspension arm
Nissan Motor (1991)
con bt ARIVA Battery housin
(2020) Y ¢
Center tunnel
AUDI R8 (crash relevant structure)
Center tunnel
Mercedes-Benz SL (crash relevant structure)
Floor structure

JEAUSH L CTRREACY. DOV A K7L —24A, ZBAAY
NEDOBEIZE, TARBENISZ KT e 3 5 MIG
(Metal Inert Gas) WEI—HITHWOLN TS, Z
MITH L, %513 2N 5 OFRELH 2 2130 X #ik
EL, FSWAHWTOIXE L IR A EAREA L/-Eilb
Ny 7 ERERIEL (R8). WMEO%EN K
BEORER, HEEIZOWTIRSHROIR ) MARETDH
5
3.3 MZEFH

MZ2FH T L, SE W HEH & R TFSW o
WHRENID R h, DL OEREA ST
HTVBEY ™ (£3), HLELER (B : WSUBARU)
132004 47 (2 ARG (FEFEH Fa— ) ~FSW %
ML72%, CHIGEERFIE LTENDTH S, HEKT
VI BT HE M OE AT TIG (Tungsten Inert
Gas) BEPHWSLNTW B A, O 4 5 AL VS,
@LEM MR (GFIE, B #ils) o L3R ED
WD H 5720 VWolEH, FSWITOHEH AR,
QR LIBENWREL W) BRI o720, A2
Thiusry MEEEY v ICEHEIN, TOHEE
X, 77 ONERRITTOEAMICK LT, FSW2S
AN, P o EWEEN 2 B o 2 HA A
BONLTEELTREDONLZEEZRLTNED D),

R=D ffi)7 848fi4% 3 /Vol. 72 No. 1 (Jun. 2023) 125



(a) Top view

Rotating tool

Aluminum
extrusion

'Aluminum plate

(b) Cross-sectional image (A1-A2)
8 FSW & 7R BBy &l S v 7 EAGIE
Fig.8 Trial production of battery housing for electric vehicles
applying FSW

7 Wiy ZER (HEASHE® 7Y 7))
Fig.7 Battery housing (Nissan Motor Co., Ltd. [ARIYA])

3 FSWaHHIEE (Hizeei L)

Table 3 FSW application examples (aerospace related)

Manufacturer Applicable models Parts

Nose cover

Subaru Corporation .
Engine rear nacelle

Target drone

Mitsubishi Heavy Rocket

Industries, Ltd. (H-IIB) Fosltank
Airplane
5 - . Body
Eclipse Aviation (Eclipse500) Nfatn wing
- Rocket
Boeing (Delta IV) Fuel tank

. - T2 A 3 A MRS AEFENEN BB X T A
4. BAEHOFSWOEMB & EREE SO IR BB S RO
HEjH 72 & O 0O BRBIL Vo F 95 RD 5 4.1 ZILIM/SMOERZESOIAR
NBHEHIThoTBY, BELRTIVIMERMCERE ARHEF L2012 72— FHELT, TV
LM A G DRIV F < T ) 7OV SRS IFALF Y A DM ERMASGDEZ7O Y M ET T L

ENTVRY, CORFUTLE L % 2 RESEH RS
DT HAMEEEE L TR E L, TV = A L8l
FEAlny - WBRY R DR 2 ), — R S RERE T
M55 7 )i AL S WA AR BT % 72012, BB 2k
FERET 22 L HFWEETH 7Y, ZhF Tl
Ehi-BEMEAEELTIE AV - F v, SPR
(Self-Pierce Riveting), FDS (Flow Drilling Screw) &
Vo B RS, EIREE RIS BT ONS2Y, &5

—LORMEBHEA %, BV Mk & FSW oM A A b
FTEME L7z 0 &) ik L AR RATH
%% (®9)s
4.2 TILIM/HMORZTEDEEEDOERRR
TV IM LM ERZEGDETFSWIC & Y HEES
L2 EHEBIRBAED L 2 A w2, 22 T
ERNT %o WA S IIHE 5 mm L7V I LS
DREADLEFSW O REEZ B Lz 70— 7138

126 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 72 No. 1 (Jun. 2023)



(a) Appearance of aluminum diecast and
steel mixed sub-frame 39

Tool F
Shoulder. °

. st

ir zcﬁ
- s

(b) FSW mechanism of steel and aluminum 2°)

K9 7NIFAFy A EHHKDOFSW
(RHFWF TR [ 73— F])
Fig.9 FSW example of aluminum die-cast and steel plate
(Honda Motor Co., Ltd. [ACCORD])

Pressure

" Rotation

Probe

v,

Plastic flow
Aluminum

Sealer

IO LRBEAEE L, Ta—7% b3 I8
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L7251, BRIV — VKRB RELT 5 2
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V3 = BRI 2 T OB E IS L 72
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FIREMET 55 & Vo 2@ Ba SR AHEOK SO
MHE D, LEMEFLICINT TOTELALETH 5
LEHSIIEZT VD,
4.3 Eig £EOES
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ENTwAEY, 72721, EAMLICENT 2R T
B F 753D R o

5. MR DZEEDEAKRE

SR ] L DA FSW AR s H & 7z & o i bl
BRB75 v, TOMEIL, #E 2 FSW3 5 &

BATROREH#1,100~1200C FTEAT L Evwbh
THY, —EZHE Y — )V TR, BRI
BT 27:0THb, ERLTA720121%, V=Vt
M EPUETH L, CRETICHESR TS Y —VE
MIZOWTIE62Hi TR A, BEEGEH Y — V2
W B R R ¥ 590~1,180 MPa#k o i ) AR 7+ % 22
EEDETFSW L#EDH 2%, 51HH S 980 MPa
W F TOHME LD FSW T (X B & 1212 U555
BEx R L, 1,180 MPafk ® Sk [ L OS2 B TIEH
84% DMETRIHR 2R L2 72, KiEABEAHEDM
LA HE LT, ETFWEICESW Y — )b % ftiE LTl
VAR E S ZENUHER VAT ARFEOHMEDNDH
27, Lpl, EMaA ey -0y Faxl,
FLCT— 7R L —¥LLEPOBHFEINTEAY v
NS TR 72, RHIAEIT & L CoME A T 2558
YTHs9 LEZRIEZTWD,

6. FSW>Y X7 LDORERE

FSW % X Y — )V & (R L TR &8 5 720 O F il
E—4, BIOY - VORERD ZATH 720 OBREY 2
VETHD, TWHILHH KD T T4 AAEMHL T
WA, BIFEAHEL IO N T Y — VA LAKREED KT IZ
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5, WEOILRDLKE - RJRULSKSNE L)%k -
7oo F72, BATOY —VIEARS BRITO/N) LK
DFEAL VS BRAEMBEIIRET LI DD, HARS
WS 5 LT, OMERIE, OffEf#E, OF
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6.1 EAEE

FSWYAFaldvy=vZtkry—tuaxy bo2
MEICKANENERLSRTWEY ™ (R4), v =
YTV —IIEMETH ) BB ROREEE AT S
A, BREANR=ZRHAHMBEIHRDED 5. Vo lT),
ZME TRy MIBIRATORCEEHME (s
WHE) AT HH, WY — v O E P K EE IR
WS o
6.2 A&V - T

FSWIZH WS Y — i, OBET 2HE L oBEE%
B, QAT HMEHELZBIEIC X )RS S5 5%E
Y, TOMELBIRIHTFREICKE 2 EL RIZ
o B0y — VBl &R MR O#H 2 2§
572012, Tu—=7I124AY (hE) MLLzd00H %,
Yavy—iE, SHENOM BRI & B A RS
A7=002, MEIBHRR A 7 0 — VBRI T L7 b O3
L, V= VIERIE, BETAMEOME, WE, #F
iRz Ik o TR B 720HBILEI N TV R,

V= IVDFEMIE, TV IMO L) BRI OBA
CHWBEEICIE, I A MRAFROBIUTTSKD 22 &
DEETHEMA— BRI bLN TV S, WolE), it
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F4 FSWY AT A
Table 4 FSW systems

Specification

Machining center type

Robot type
Gantry Vertical
41) 42)
Example photo
Placement area Wide Middle Small
Machine rigidity High High Low
Fostioniiig Low High Low
accuracy
Welding speed Middle High Low to middle
Machine price High Middle Low to middle
Welding shape Three dimensions Three dimensions Three dimensions
&5 (3-axis welding) (3-axis welding) (5-axis welding)

é gg é é éﬁti&iﬁ?ﬁ 4

pitch & angle

(a) Oval shape  (b) Paddle shape (c) Three flat sided (d) Three sided (d) Changing spiral
probe probe probe re-entrant probe form & flared probe

10 FSW ¥ —nfi™
Fig.10 Examples of FSW tool

%5 HLVWFSW L%
Table 5 Proposal of new FSW processes

FOREEINTWD, BHhTDH, TADERAROBI
T, EAEEIC@2EH S hTwa™,
6.3 EEYV—IVIRAFLA
— R FSWY —ViZ—2D Y a vy —&—onF

O — 70 LR S,

BEERIME LR LTS5 72

UV%4F7—th£nfwéovy%4F%%?
X, V=V LAARWEZ %

F57:0

ICERZ w5,

One side tool Double side tool
c ol Bobbin tool
onventional
FSW Conventional Stationary - TATSUMAKI
type shoulder
—> Welding direction —> —> —>
& >Rotating direction| Upper tool 2, > 2, >
i Tool (non- rotating) i Upper tool i Upper tool
Mechanism 1 I (convex) ! (convex)
| Work piece :% |i|
Backing plate @ Lower tool Qe_) Lower tool : I(‘z‘;’:‘r/::)’] : I(A::’(‘;\:cra‘\;’e‘;l
Backing plate Necessary None None None None
Upper shoulder Rotating Rotating Non-rotating Any direction Any direction
Lower shoulder — Rotating Rotating of rotation of rotation
Wv?ld}ng defect Unavoidable None None None None
(kissing bond)
Surface burr Unavoidable Unavoidable None Unavoidable Unavoidable
Axial load Heavy Almost none Almost none Heavy Heavy
Plate thickness Tool change Tool change Tool change Tool change Unnecessary
correspondence required required required required tool change
B &R (WCCo), ®+F 3 v 2% (PCBN, 7Ry PRSI R TR a2 HIICHEE LT
Si;N,), @WEBIHEGE+ET Iy 7 AREEROMDD5 FSWY — V& ZhENECE L, ML CTHEZRS & 200

MY — Ny ZAFAHRFEENRTHEY, UL, EHL

W2 C
ZTWh,

7. BEBEUNADICH
FSWid Y — v & M EHZH LAK Y — L o Az & BB )

ICk 5Ty —Villko

(&

HREERZRL)

BRI A MCELREL DL LD EEE S ITE

ZWZMORTHITH Y, #

B E OEMZ BT 572012, Ta—T3EATLHE
OWEX Y DTN EFT SN TV S, 2 OB
MEEIZX Y, ¥ vy FRy FEMIThaMEEED
VAT T A REVTEE LR T VIEELH - 720 2D

MEIZHL, Zonvany—t—on7Tu—Inb%
BZRE VY — L EIHEND TENEREINEY (F5),

ATIHEE, BEBEMICFY U 7Ry RBREL RWER
Wb, AF—aF ) —alby—4F A4 FITPE
DM FNEECTERLESRTWEY, 72, Fv v

BT L - THRA B RIGDSSET A5 2 e BN TW»
57, FTHIE, MHHICTAET HHEAR (b Lz
) EHAKEE LTHEHATE 20T EE R
72% ) AR TWITIE S O b v R VR K% fESEICE
FT572012, R11IRT LI T a— 7ozl ko
THHRWNEE 281 SR ER S8, Y — v B3I
VF72FEME D A 5 7V I M 2 RIS HEL S &
LERER LY, 72720, EHLESh TV A2 IRA
HTH 5,
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Tool travel
Prabe rotation + direction
direction : =

Stationary X
Shoulder
Probe ]
Channel — . T
Material | _ Viscoplastic
extraction nugget

(a) Tooling description *)

(b) During CoreFlow 4

E11 TWItto 7 at A CoreFlow DOENEIX 1 & VG H,
Fig.11 Schematic and photo of CoreFlow process by TWI
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Metal Surface Preparation Technology for Adhesive Joining Reliability
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Abstract

In recent years, adhesive bonding has attracted interest as a key joining technology for lightweight metals
and dissimilar materials, and its importance is increasing across various industrial fields. When bonding
metallic materials, surface preparation technology plays a crucial role in maximizing the inherent bonding
properties of the adhesive, because its bonding strength is greatly affected by the surface condition. This paper
aims to discuss the relationship between the surface condition of metallic materials and adhesion properties.
Additionally, it will cover the improvement of adhesion by surface preparation, and efforts to evaluate adhesion

FEATURE : Welding and Joining Technologies

strength and durability, while considering the actual environment of use.
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