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Study on Weld Bead Formation with Square-Groove Butt Joint
by 10 kW Class Fiber Laser-MAG Arc Hybrid Welding*

by SHIN Minhyo** and NAKATA Kazuhiro***

Hybrid welding consisted of high power fiber laser and pulsed MAG arc was conducted on square-groove butt joint for SS400 of 12 mm
thickness to investigate the optimum welding parameters for fully-penetrated weld bead formations by single pass. As a result, a sound fully-
penetrated weld bead can not be obtained in laser leading-arc trailing process because irregular melt-through was observed in the bottom side
weld beads under the all evaluated welding parameters. However, the formation of the irregular melt-through was suppressed effectively in arc
leading-laser trailing process and sound fully-penetrated weld beads without any apparent defects was obtained successfully at the root gap up to
0.5 mm. Moreover, by using a high speed camera, it was revealed that the irregular melt-through was formed when amount of spatter was
fluctuated on bottom side weld bead in laser leading-arc trailing process. However, in arc leading-laser trailing process, spattering constantly
occurred and a stable molten metal pool was observed on bottom side weld bead. It was also found that the optimum laser and arc distance was
below 4 mm, in which laser beam was irradiated onto the weld pool under the arc. From study results, the effect of hybrid welding parameters
on the full penetration of 12 mm thick SS400 plate was systemically evaluated.
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Table 1 Chemical compositions of steel specimen and welding wire used.

Chemical composition (mass%)

Material
C Si Mn P S Ti Fe

SS400 0.15 | 0.26 | 0.66 | 0.013 | 0.014 - Bal.

YGW15 0.09 | 0.37 | 1.04 | 0.011 | 0.009 | 0.02 | Bal.
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Fig.1 Schematic of square-groove butt joint used.
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Fig.2 Setup of 10 kW fiber laser head and MAG arc torch for hybrid welding.
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Table 2 Parameters for hybrid welding.

Power 4~10 kW
Laser
Defocused distance 0 mm (surface of the plate)
Arc current 300 A
MAG
are Arc voltage 30V
(Pulsed)
Shielding gas flow rate | 20% COz2 + 80 % Ar, 30 L/min
Welding speed 0.8 ~ 3.5 m/min
Distance between laser beam and MAG arc 2 ~10 mm
Root gap 0~ 1.0 mm
- Laser leadi d arc traili
Welding direction aser ea' 1ng and are a.1 '1ng
* Arc leading and laser trailing

Full penetration bead
with less than 1.0 mm
of underfill

Sound 1 pass full
penetration bead

Full penetration bead
with more than 1.0
mm of underfill bead

Full penetration bead

withitinstable: back Partial penetration

bead

© O

Fig.3 Classification of hybrid weld bead depending on bead appearance and shape of bead penetration.
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Fig.4 Process windows for SS400 at 0 mm root gap in the case of laser leading-arc trailing and arc
leading-laser trailing under constant distance between laser and arc, D: 2 mm.
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Fig.5 Process windows for SS400 at 0.5 mm root
leading-laser trailing under constant distance
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Fig.6 Process windows for SS400 at 1.0 mm root gap in the case of laser leading-arc trailing and arc
leading-laser trailing under constant distance between laser and arc, D: 2 mm.
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Fig.7 High speed camera images showing spattering and humping behavior
at bottom surface of weld bead in laser leading-arc trailing direction.
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Fig.8 High speed camera images showing spattering behavior at bottom
surface of weld bead in arc leading-laser trailing direction.
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Fig.9 Cross-sections and bottom bead appearances of 0 mm root gap in
the case of changing welding direction and the distance between
laser and arc.
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Fig. 10 Cross-sections and bottom bead appearances of 0.5 mm root gap
in the case of changing welding direction and the distance
between laser and arc.
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Fig.11 Cross-sections and bottom bead appearances of 1.0 mm root gap
in the case of changing welding direction and the distance
between laser and arc.
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Fig. 12 High speed camera images of hybrid weld bead surface in laser
leading-arc trailing at root gap of 0.5 mm.
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Fig.13 High speed camera images of hybrid weld bead surface in arc
leading-laser trailing at root gap of 0.5 mm.

(¢) Dua: 7 mm

Weldmg direction

(a) DaL : 2 mm

(c) DaL: 7 mm

— FERIET
L7-.

U EDRERPET ¥ 74 W%, WBOENTRELL
P — FEREET L RIFR 1 SAE@BE — NI
X, V= hF;Fry 7 0ommBLT0Smm OLGEIZIEZT—7
FATT, O DAL2~4mm DL FE THENTH L &N
HOEPCh oz, F2INOORIRERY — FETIRH
BENRLRT Y74 OFEEIRD N o7z,

V= FIERICKITT L= - 7 — 7 BB o2 5

295672012, V—1FFr vy 705mmIZBIT5H, L—
% 7 — 7 [ 2L -GS onmhRm oG E L
—HRATB LT — 7 FATIH L TERENFig. 12 B L O
Fig. 13 127" F. Fig. 12 O L—¥IRITTld, 7—7HiklcL
—PIZLBHMEDPRZ, NP —HFE—-AIZLDF—F
—WIZH72%. DLADPKEL LD, Tmm 2% & F—k—
VIZER A SN T, ZORFICER TS, —J), Fig.
1317 =27 BATo84E% 7R3 . DAL 2~4mm TIEMED S
B IRTE R WAL —FIREALE X 7 — 7 5T O i
WNTHY, DALTmm 1275 &7 — 27 2 HEENLCTERBN O
BEBICHIE SN A, 72, 10mm & %25 L ERRD 5584
SN e G holz. Thbb 7 =277 TI
DAL 2~4mm CRIFZHEFEEC - BRI N LHE & L
T, 7— 7 EHTOEROEBMMANICL =¥ — A0S MG X

FEWIFNDODALIZBWTH T ¥ ¥ 7 4 Vhgsk



186  WfZEa X

Al D 10kW il 7 7 A N—L—H - 7T =214 7Y v FEEICE 5 TR EEERT RIS 2 e

NBHZEILIYL—FE— 20BN EL b LR
ENBDIK LT, DAL 7mm L ETId, MREHVE AN AR
BHEOLVERME 2 Y, HHlEI»KTFLTCEF—Fh—V
BARRELLY, TNBENVE U FIREREE — FOBEIC
ORPolbEZOLND.
VDEORLY, RIFFEOL =Y - 7= N4 TY v K
BELAETIIBWTE, MM 7Yy FEBICIVES2 %
HPC— FERELATL2EEEREVHONER L —
e T — 7 HEHE 4mm DATHY, ZRIEL —HFE—
LM E AT — 712 & 0 TERE S 2 8 il N 5 T 1 R
FWENEEMTHAIEPHLNII R -T2 BH IR
B 57 G 1 EEIBER S 7 — 7 AT LD E
1b$ 272012, RIS LTEN R L —% - 7— 2 [
HEL LT AL DL IR,

4. #

il

JEH 12 mm @ SS400 (12 B1F 5 IEEAEHFITH LT
DKW 7 7 AN—L =TT =212k 7
FHEEEML, TOBEET A= PEEE— FEIRIC
VAR 7 T2 G ROV N AN = SUROY i NIy (R
TAERIIUT DL H IR 5.

D V—=H%EAT T RITOWE, BETLoV— ¥ vy
TBIOL =¥, BEEEOHPTIEER L — N8
REEERY, WhWANVE V7Y — BS54
L, BifZ 1 82HiME — FERSHEECTH - 72, L
L, 7=2%47 V—HR&ITO%E, WONTRELE
W — P SN 5 S AR L 72,

2) MHEEY T A A TICELBEHBRICLY, N EVT
REBRDIREERERE — FAEEEND L =PI T
i, EMTOR Sy ¥y @M EEH L, A3y v &
AR L 725 2 USRS L CEI O B R E IR O &
VEML T, THRRIZENTRY, WbwasanNr ¥ s
V— FRBRZELZ. SHICHLTESHTRELE
W= PP E N7 — 7 BT TRERTO ANy ¥
DREGHETH Y, WERITSINBRERRE DS L

3)

4)

D

2)

3)

4)

5)

6)

7

8)

9)

BRI D o 7.

T—=27%4ATTE, V= FFr v 7 0mmB LY 05mm
ZBWT, 7—7 - L—HHEH DAL 2mm B LT
4mm THEEZ 1 S ZAB@ Y — FAF 57255, 7mm B
FTIZEBITAAB L ON Y €V FIROARNRE R E)k
E— FAYER S 7z,

NAT) Y FEHICE DB LN TRELLERE - FD
TR REZR L — - 7 — 7 BIRHE AR O B350
OHFATIE 4mm DN TH ), L —HE— LAREHHLED
BRTLAN O 7 — 7 5 O EIESIIC S 5 5L —H L 7.

2 £ X ®

L. Quintino, A. Costa, R. Miranda, D. Yapp, V. Kumar and C. J.
Kong: Welding with High Power Fiber Lasers-a Preliminary Study,
Materials and Design, 28 (2007), 1231-1237.

Z. Liu, G. Xu and M. Kutsuna: Laser and laser-MAG hybrid
Welding of High Strength Steel Using Fiber Laser and CO, Laser,
Quarterly Journal of The Japan Welding Society, 25-2 (2007), 254-
260.

M. Kutsuna: Laser-Arc Hybrid Welding, Developments in
Advanced Welding Processes, Technical Commission on Welding
Processes Japan Welding Society, (2009), 145-166.

M. Shin and K. Nakata: Single Pass Full Penetration Welding of
High-Tensile Steel Thick-Plate Using 4 kW Fiber Laser and MAG
Arc Hybrid Welding Process, Quarterly Journal of The Japan
Welding Society, 27-2 (2009), 80s-84s.

D. S. Howse, R. J. Scudamore and G. S. Booth: The Evolution of
Yb fiber laser/MAG Hybrid Processing for Welding of Pipelines,
Proceedings of the International Offshore and Polar Engineering
Conference, (2005), 6.

M. Rethmeier, S. Gook, M. Lammers and A. Gumenyuk: Laser-
Hybrid Welding of Thick Plates up to 32 mm using a 20 kW Fiber
laser, Quarterly Journal of The Japan Welding Society, 27-2 (2009),
74s-79s.

Victor, B., Nagy, B., Ream, S. and Farson, D.: High brightness
hybrid welding of steel, ICALEO 2009 Congress proceedings, Vol.
102, 2009, 79-88.

Yang, S., Sarrafi, R. and Kovacevic, R.: Hybrid 4 kW fiber laser-
GMAW welding of half-inch mild steel, ICALEO 2010 Congress
proceedings, Vol. 103, 2010, 1463-1468.

S. Katayama: Laser Welding, Journal of The Japan Welding
Society, 78-2 (2009), 124-138 (in Japanese).



