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Fatigue strength improvement of welded joints using metal grain refinement technology by laser
by Takamori UEMURA, Makoto TAGUCHI and Koji GOTOH
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Fig. 1 Image of construction of a tough welded joint combining LAHW and laser irradiation technology.
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Table 1 Test conditions.

Test ID. 1 2 3
Laser power (kW) 0.3 2.6
Defocusing distance (mm) 5 10 15
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Table 2 Irradiation affected zone and melted zone.

Irradiation affected zone Melted zone Maximum
D | ‘o | iradiaton | . arinsie | Vickers
Width(mm) | Depth(mm) | Width(mm) | Depth(mm) (pm) (HV)
A X 0.97 0.47 0.68 0.39 2.8 499
1| B O : 0.89 0.39 0.67 0.31 3.1 462
C X 4 1.13 0.50 0.75 0.40 2.4 495
Al X 4.12 4.07 2.94 3.77 3.6 441
2| B O : 5.09 4.03 4.02 3.45 4.0 430
C X 4 4.66 4.21 3.44 3.89 2.8 431
A X 3.15 2.63 2.06 2.21 2.4 445
3|B O : 4.96 2.74 3.83 2.49 3.6 419
C X 4 3.20 2.83 2.10 2.51 2.3 462
Air
CO2

Fig. 2 Cross section macroscopic observation.
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Table 3 Irradiation test conditions. (Place of grain refinement: Surface)

D Laser power Dgif:tzlrllsci:g Numbqr of Travel speed Energy density
' [kW] [£mm] irradiations [mm/min] [J/mm?]
1 50 6.74
2 60 2,000 5.62
3 70 4.82
4 Lo 1,700 5.67
5 70 1,000 9.65
6 : 600 16.08
7 2,000 6.54
8 1,800 7.27
9 4l 70 1,400 9.34
10 1,000 13.08
3.3 BHHER
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A) Fine grain area of ID. 2 B) Base metal

Fig. 3 Cross section macroscopic observation. (2,000 magnifications)
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Table 4 Average grain size. (From surface) z 14
. . = 124
Average grain size (um) 5
Depth from surface (mm) N 10p
ID. 7 ID. 8 £ 4
0.0 ~0.1 4.13 3.87 g o - Base meta
@ -e-ID:7
0.1~0.2 430 6.79 2 o038
02~03 645 834 O gt et
03~04 10.13 11.50 Fig. 4 Average grain size in each depth.
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Table S Irradiating conditions.

Defocusing

. E it
D, | MM | Cdistance | ATV oY
(mm) Table 6 Fillet welding conditions.
1 15 172 Arc current (A) 373
2 30 89 Arc voltage (V) 31.7
3 2.5 45 60 Travel speed (mm/min) 600
4 60 45 Arc torch angle with horizontal (deg.) 40.0
5 90 30 t,=17 Unit : mm
6 15 343 i t=17
— g —|—u-z
7 30 178 0
8 5.0 45 120 I
- 30 |
9 60 90 !
10 90 60 Fig. 5 Geometry of test specimens
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p: Weld toe radius
6: Weld flank angle
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(A) Toe radius (B) Flank angle

Fig. 6 Average geometry parameters.
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