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Fatigue Strength of Laser Butt welded Joints

Keiro TOKAIL, Hirohisa SHIOTA, Ayumi MINAGI and Masashi MIyaTA

Synopsis : Tensile tests and fatigue tests have been conducted for laser butt welded joints obtained from the combination of two steels and two plate

thicknesses. Tensile and fatigue strengths were evaluated and the effects of type of steels and plate thickness on those strengths were studied

on the basis of changes in microstructure, hardness and residual stress. Tensile strength of the joints with the same thickness was lower than

that of the joints with different thicknesses and the joints of the same steel showed lower tensile strength than the joints of different steels. All

Joints were fractured at the location away from the center of the weld zone. Fatigue strength of the joints decreased compared with that of the

base metal. The type of steels had no influence on the fatigue strength, while the fatigue strength of the joints were slighlty affected by plate

thickness. In the joints with the same thickness, fatigue fracture took place at the location 4 mm to 5 mm away from the center of the weld

zone, but in the joints with different thicknesses, at the shoulder between thin and thick plates, i.e. at the weld zone.
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Table 1. Combinations of steel and plate thickness.

SP2.0L 2.0mm(SPCC) + 2.0mm(SPCC)
SP3.2L 3.2mm(SPCC) + 2.0mm(SPCC)
HT2.0L 2.0mm(APFC390) + 2.0mm(SPCC)
HT3.2L  3.2mm(APFH490) + 2.0mm(SPCC)
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Table 2. Welding conditions.

Laser power (kW) 5
Welding speed (m/s) 0.42
Focus Surface

Shielding gas (m®/s) 5x10~*
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Fig. 1. Specimen configurations: (a) tensile specimen and

(b) fatigue specimen.
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Fig. 2. Macroscopic views of weld zone: (a) SP2.0L and
(b) SP3.2L.
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Fig. 3. Changes in (a) microstructure, (b) hardness and (c)
residual stress for laser butt welded joint, SP2.0L.
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Fig. 4. Changes in (a) microstructure, (b) hardness and (c)
residual stress for laser butt welded joint, HT2.0L.

Table 3. Conditions of X-ray stress measurement.

Characteristic X-ray Cr-Ko

Diffraction 211
Tube voltage (kV) 30
Tube current (mA) 20
Filter v

Irradiated area (mm?) 4 x 2
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Fig. 5. A typical example of macroscopic appearance of tensile fractured welded joint (SP2.0L).

Table 4. Tensile test results.

Specimen Tensile strength Thickness

code op (MPa) t (mm)
SP2.0L 295 2.0 + 2.0
SP3.2L 310 3.2 + 2.0
HT2.0L 308 2.0 + 2.0
HT3.2L 312 3.2 4 2.0
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Fig. 6. S-N diagram for laser butt welded joints and base
metal.
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Fig. 7. Macroscopic appearance of fatigue failured welded
joints: (a) SP2.0L and (b) SP3.2L.
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