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Development of a method for significantly improving the fatigue life of welded
joints by the laser processing

Gotoh, Koji
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i i Topics (1) to (3) that could be introduced during the construction stage to
improve the fatigue performance of large welded structures such as ships, offshore structures,

bridges and steel structures of high-rise buildings were studied.

(1) Suppression of crack propagation by localised laser irradiation to refine the base metal
grains; (2) Suppression of fatigue crack initiation by hardening the crack initiation surface area
by carburization; and (3) Expansion of the range of application (welding position) of laser-arc
hybrid welding that can achieve secondary stress suppression due to weld deformation.



2
3
1 2
1 2
@
@
1
KD36 Table 1 Laser irradiation conditions.
$5400 17 mm Laser power [kW] 1.18
Defocusing distance [mm)] -5
Travel speed [mm/min] 120
LPA: Laser push angle[deg.] 10
32 42 um 0.1%

0.2 mm
Table 1
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Fig. 1 Comparison of Vickers hardness
distributions.
100 mm 5 Table 2 Irradiation conditions.
Table 2
3 Section L.P*1  LHA*2
Table 1 1 1.15 90
2 1.52 90
5 3 152 90
10 4 152 45
Fig. 3 5 1.15 45
40 mm *1 L.P.: Laser power [KW]
Fig. 4 Fig. *2LHA: Laser head angle
4 with horizontal [deg.]
5 10
Fig. 4 (D) 4 10
Fig. 4 (C) 3
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Fig. 4 Photographs of sectional macroscopic observation.
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£ e !Smm Specimen ID A | B
g El. -+ c- Laser power [k\N] 3.0
o
=4 CH2 = CH4 CH5 Travel speed
— — : 500
Irradiation line Irradiation Iine! [mm/min]
Defocus distance
| | ! +5 | +25
] T (D.D) [mm]
) 100 mm > N 700 mm > Plate thickness [mm] 12
Steel grade KA
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Fig. 5 Temperature history measuring points.
500 500 500 500
e Measured value o Measured value o Measured value o Measured value
4000z, @ Moving heat source 400 @ Moving heat source 400 e Moving heat source 400 ® Moving heat source
e Line heat source : @ Line heat source : e Line heat source : e Line heat source
300 £ 300 2 £ 300
s s s
200 & 200; g & 200
5 5 5 .
100 F 100 a P 100F s
% 5 10 % 5 10 % 5 10 % 5 10
Time [s] Time [s] Time [s] Time [s]

(&) Front CH1(D.D +5 mm)

Fig. 6

+25 mm

Fig. 7(a

(b) Back CH5(D.D +5 mm)

(c) Front CH1(D.D +25 mm)
Fig. 6 Comparison of measured temperature history with theoretical solution.
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grain refinement area
saluted by theoretical
formula of moving point
heat source.
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3 1 2 Table 4 Laser irradiation conditions.
ID C LI01 LIO2 LIO3
Laser power [kW] 15 3 15 3
Defocusing distance [mm] -5 25 -5 25
Travel speed [mm/min] 120 500 120 1000
Table 4 [Note] C: Carburizing, LI: Laser Irradiation
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