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Laser Welding of HR-2 Hydrogen-Resistant High-Strength Steel Pipes:
Process Parameters and Mechanical Properties
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Abstract: To meet the requirements for penetration control and defect suppression in laser welding of HR-2 hydrogen-
resistant high-strength steel pipes with stepped-groove joints, a laser welding process with a defocusing distance of +2 mm
was adopted. The effects of welding speed and laser power on weld formation, defects, microstructure and tensile properties
were investigated. The results show that continuous welds can be obtained within the tested parameter range, and the weld
cross-sections exhibit a typical wine-glass-shaped deep-penetration morphology. Considering the stepped-groove height of
2.2 mm and the pipe wall thickness of 2.88 mm, three representative parameter sets with moderate penetration depth, namely
S1, S2 and S3, were selected for comparison. The S2 condition (1.5 m/min, 1 300 W) produces a relatively smooth weld sur-
face, moderate penetration depth and no obvious defects according to X-ray inspection and longitudinal-section observation.
The S1 condition shows a risk of local incomplete fusion or insufficient penetration near the stepped-groove root, whereas

the S3 condition exhibits a slight tendency toward pore formation. The weld microstructure is mainly composed of austenitic
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columnar and dendritic grains, with a small amount of residual §-ferrite retained near the fusion line and stepped-groove root

owing to the relatively high cooling rate. The S2 joint shows a tensile strength of 728 MPa and an elongation of 37.6%, and

both the inner and outer fracture surfaces are dominated by dimples, indicating a good strength-ductility balance.

Keywords: hydrogen-resistant high-strength steel; laser welding; stepped-groove joint; weld formation; mechanical properties
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Table 1 Chemical composition of base metal(BM) HR-2 (wt. %)

C Si Mn P S Cr Ni N Fe
0.033 0.230 9.235 0.005 0.004 1930 7.40 032 Bal
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Fig.1 Experimental materials
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Fig.2 Welding equipment and welding assembly
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Fig.3 Sampling position and typical weld cross-section morphology
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Fig. 4 Surface morphology of welds under different welding speeds and laser powers
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Fig.5 Cross-sectional morphology of welds under different welding speeds and laser powers
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Fig. 6 Effects of welding parameters on weld cross-sectional dimen-
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Fig. 10 EBSD results of the weld center
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