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Some studies on joining large thick plates by laser/arc hybrid welding
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Laser-arc hybrid welding has been shown to significantly suppress welding deformation (particularly angular
distortion) in comparison with conventional arc welding. This is due to the fact that it is able to concentrate the heat
input range and weld large heat inputs. It is therefore expected to be introduced more widely in the construction
process of thick plate structures, such as ships and bridges, as a welding method that can significantly improve the
work accuracy of large structures.

The authors are conducting a series of studies with the objective of implementing this welding method in the
context of joining thick plates. In this report, the authors describe their efforts in the construction of horizontal and
vertical welded joints to extend the welding position, and in the construction conditions to achieve stable back-wave
formation during the fabrication of butt-joints.
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Table 1 Welding conditions for horizontal welding (PC).

Steel grade SM400B (J1s)
Plate thickness [mm] 12
Groove cutting method milling
Root gap [mm] abt. 0
Arc current [A] 300
Arc voltage [V] 26.0
Laser power [kW] 10.0
Trave speed [mm/min] 800
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Fig. 1 Definition of Laser welding parameters.
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Table 2 Applied welding parameters.
1D Al A2 B1 B2 Cl C2
DD[mm] | +10 | +20 +15
DLT[mm)] 2 0 5 2
LHA[deg.] 10 5 15
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Fig. 5 Macroscopic observation of cross section of welded
region.
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Table 3 Welding conditions for vertical up welding (PF).

Steel grade SM400B (J18)
Plate thickness [mm] 12
Groove cutting method plasma milling
Root gap [mm] abt. 0 1.0
Arc current [A] 150 200
Arc voltage [V] 20.0 24.0
Laser power [kW] 6.0
Trave speed [mm/min] 200 400
Backing FB-B3T None
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(a) Use of backing material | (b) No backing material used.

Fig. 6 Comparison of macroscopic observations.
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(a) Groove shape (b) Macroscopic observation.

Fig. 7 Recommended groove shape and macroscopic
observations.
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Fig. 8 Appearances and observation results of fillet weld
joint.



55102 10l L — I il S (2025.7)

5. £&¥

AR TIXEE SO 7L —TF 2k L TERY AT
W3, L=« T—I AT Y v FIEEICLDER
BEAICET D REORMERFI L. EH OITMT
RN, RIEICE T AR TEOHIRIC L F ST
HANA TV RUERED SRS ISR E A S
HZEEMFEL TS, BT 723 I~ iR T
ETCVNDHEBZTNWLOT, BAOHKENEE DT
WIZH, L—REGS L —F~y ROYHIE AR

ST =7 ax b, BEEREON EZ#IFFL T
EXAAAN
= E X W

(W& =, A 2k, @4 H—, T &,
W —pk, &L ER L—% T —I AT
o NUEHED R TR RS TR~ A A 72
RERREY, H AR AR T 2R SCAE, 32, (2020),
231-245.

(2)Uemura, T., Gotoh, K., Uchino, I.: Expansion of laser—

17

arc hybrid welding to horizontal and vertical-up
welding, Welding in the World, 66, (2022), 495-506.

(3)Guo, W. et al.: Comparison of laser welds in thick
section S700 high-strength steel manufactured in flat
(1G) and horizontal (2G) positions, CIRP annals, 64-1,
(2015), 197-200.

(AR B, W BRI L— B kDA v
7 TR O M E B, R REE, 8744,
(2018), 257-260.

G)ftE= L : REM RNV A Y E2#EH L= —9-
T—=IAT Yy FEEERIN, % 81 |l —3m
TERR R IR, (2014), 29-32.

(6)ISO 5817: Welding — Fusion-welded joints in steel,
nickel, titanium and their alloys (beam welding
excluded) — Quality levels for imperfections, (2023)

(7)Nippon Kaiji Kyokai (ClassNK): Guidelines on Laser-
Arc Hybrid Welding, (Ver. 3), (2016).

O —pk, A SHk, &ER W L—Y T —
I AT Yy N2 R G kT G (20
T 27200 AJERSER IS 2 —1aEt, wik
O OCHE, 38-4, (2020), 403-417.





