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Development of Narrow Gap Multi-layer Welding Process using Oscillation Laser Beam*

by YAMAZAKI Yosuke**, ABE Yohei***, HIOKI Yukio****, TANAKA Tomohiro***,
NAKATANI Mitsuyoshi**, KITAGAWA Akikazu*** and NAKATA Kazuhiro*****

The oscillation laser beam is considered to be effective as a heat source of the narrow gap multi-layer welding, because the oscillation laser
welding can control the penetration shape and prevent the lack of fusion. In this study, in order to establish a narrow gap welding process by
oscillation laser beam, butt welding experiments of 50mm thickness carbon steel plate were performed. By the appropriate control of the heat
input area using the in-process sensor for recognizing the groove shape, narrow gap welding of thick plate with groove which was cut by gas
cutting was achieved. Properties of welded joint had been confirmed by nondestructive testing, tensile test, and side bend test. A two-
dimensional numerical calculation model for welding deformation was developed. This calculation model was used for investigation of the
optimal groove angle. The results of calculations were in quantitative agreement with the experimental results. Microstructure of the weld zone
had multiple thermal histories. According to the hardness test results, maximum hardness of the heat affected zone of the upper layer has been

lowered than that of the lower layer.
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Fig.1 Schematic illustration of narrow gap welding process
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Fig.2 Single-axis scanning laser head

Butt welding test piece
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Table 1 Chemical compositions of steel plate used

[mass%]
C Si Mn P S
0.16 0.34 1.36 0.013 0.004

Table 2 Chemical compositions of solid wire used
[mass%]
Cc Si Mn P S Cu Ti+Zr
0.04 0.81 1.48 | 0.010 | 0.007 | 0.24 0.20

< 250 < 250 > 800 R

1 fo0

Backing R50 Backing
(W40xT12) 200

< > T—— 7 _’-‘52

500 i : .

Strongback Unit: mm
(a) Front view (b) Side view

Fig.3 Dimension of welding test piece
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Fig.4 Schematic illustration of profile of groove

Table 3 Multi-layer welding conditions

Laser power [kW] 6.0
Welding speed [mm/s] 5.0
Defocusing distance [mm] +10
Wire feeding rate [mm/s] 50
CO; shielding gas [I/s] 0.83
Laser beam oscillation 20
frequency [Hz]
Laser beam oscillation Gap width — 0.5

width [mm] (Automatic control)
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Fig.5 Measurement points of transverse shrinkage
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Fig. 12 Cross section of narrow gap multi-layer welding bead
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Fig. 13 Experimental and calculated results of transverse shrinkage
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Table 4 Results of tensile test

No. Tensile strength [MPa] Fracture
T1(Upper) 576 Base metal
T1(Lower) 565 Base metal
T2(Upper) 572 Base metal
T2(Lower) 564 Base metal

Fig. 15 Results of side bend test
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Fig. 17 Microstructure and hardness distribution of upper layer weld zone
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