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Abstract By the laser overlap welding experiments, the tensile-shear and fatigue properties of different joint
specimens are investigated and the experimental results are analyzed by combining the weld cross-sections and
fracture morphologies. The results show that, as for the non-penetrating joint with a width of 80 mm, the residual
stress makes the tensile-shear strength decrease by 4.1% and the fatigue limit value decrease by 26.4% . The
0.2 mm overlap gap makes the tensile-shear strength of the joint decrease by 8.8% and the fatigue limit value
decrease by 6.25% . The incidence angle of 20° makes the tensile-shear strength of the joint increase by 3.8% and

the fatigue limit value increase by 18.7% . As for the same thickness combination, the cold rolling state of base

metals has a certain impact on the mechanical properties of joints.
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Table 1 Chemical compositions of SUS301L plate (mass fraction, %)

Element C Si Mn P

S Ni Cr N Fe

Value 0.02 0.43 1.08 0.04

0.003 7.10 17.70 0.02 Bal.

2 SUS301L MM iy g 24 M g
Table 2 Mechanical properties of SUS301L plate

Yield Tensile Fatigue
Material Elongation / )
strength / strength / limit /
type %
MPa MPa MPa
DLT =>350 =700 43.2 265.8
ST =>420 >770 35.0 287.5
MT =>420 =>420 30.0 319.2
HT =700 =>950 27.4 359.0
2G =>350 >750 35.0 300.0
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Fig. 1 Schematic of experimental setup
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Table 3 Process parameters in welding experiments

Sample No. Plate thickness /mm  Incidence angle /(°)  Gap /mm Laser power /kW Welding speed /(memin ')
1% 3(MTHY+2026) 0 0 5.5 3.8
2% 1.5(HT) +0.8(DLT) 0 0 3.6 3.5
3-1% 202G6)+22G) 0 0 3.8 3.6
3-2# 22G)+22G) 0 0.2 3.8 3.6
3-3% 2026)+22G) 20 0 3.8 3.6
1% 1.5(HT)+22G) 0 3.1 3.3
5% 1.5(STHO+22G) 0 3.1 3.3

five pairs of specimens

N\
a pair of specimens (10 mm+80 mm) *

150 mm

| 25 mm
550 mm i

P2 e i ORI

Fig. 2 Schematic of specimen preparation
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Fig. 3 Schematic of weld morphology
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Fig. 5 Fatigue test curves of specimens with different widths. (a) 1#; (b) 2#
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Table 4 Tensile-shear test results of 1# and 2# joints

) Average o, /MPa 6, /MPa
Sample Specimen )
tensile-shear Upper plate Lower plate Upper plate Lower plate
No. width /mm
strength /MPa weld seam weld seam weld seam weld seam
10 736 0 0 0 0
12 -
80 706 252 155 —21 —12
10 596 0 0 0 0
2%
80 542 367 237 —39 —5
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Fig. 6 Tensile-shear test results of non-penetration joints
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Fig. 7 Fatigue performance test results of non-penetration

joint with a width of 80 mm
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Table 5 Tensile-shear test results of 3-1% , 3-2# , and 3-3 # specimens
) Average o. /MPa 6, /MPa
Sample Specimen
tensile-shear Upper plate Lower plate Upper plate Lower plate
No. width /mm
strength /MPa weld seam weld seam weld seam weld seam
31# 80 736 206 206 —36 —10
3-2# 80 671 196 155 14 —173
3-3# 80 764 147 147 —84 —42

Bl 8 AFHAFEMPIBIW OJEH . () 3-1%;5(b) 3-2% ;(c) 3-3#
Fig. 8 Shear-fracture morphologies of different specimens. (a) 3-1#; (b) 3-2#; (c¢) 3-3#
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Fig. 9 Weld toe shapes of different specimens. (a) 3-1%; (b) 3-2#; (c) 3-3#
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Fig. 10 Schematics of stress on weld toes with different shapes. (a) 3-1#; (b) 3-2#; (c¢) 3-3#
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Table 6 Tensile-shear test results of 4 # and 5# specimens

Sample Specimen Average o. /MPa o, /MPa
] tensile-shear Upper plate Lower plate Upper plate Lower plate
No- width fmm et /MPa weld seam weld seam weld seam weld seam
4% 80 804 303 168 —73 —54
5% 80 764 236 185 —32 —48
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Fig. 11 Tensile performance test results of joints

with different base metals
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