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Abstract

In this study, 1 mm thick austenitic stainless steel 316L sheets were used for experimental testing.
The experimental welding process was carried out usng a Nd:YAG pulsed laser welding
machine, and the welding smulation was performed using the SY SWELD software with a three-
dimensional model for thermodynamic and mechanical analysis. The simulation results showed
over 90% correlation with the experimental results. Analysis of experimental and numerical data
revealed that at a constant voltage of 440 volts, decreasing the welding speed from 2 to 0.5 mnvs
increased the overlap rate of pulses from 67% to 93% and the maximum average power density
(EPPD) from 5963 to 21831 W/mm?. Additionally, increasing the voltage from 440 to 480 volts at
a constant speed of 1 mm/s raised the heat input from 114 to 138 Jmm and the weld depth from
0.56 to 0.66 mm. Due to the high cooling rate, the grain size of the weld metal became finer than
the base metal (63% reduction in grain size). Two phases, austenite and ferrite, were observed in
the weld metal, and the solidification mode was predicted to be FA.With an increase in welding
gpeed from 0.5 mm/s to 2 mnVs a a constant voltage of 440 volts, the maximum tensile residual
stress increased from 96 to 260 MPa due to reduced pulse overlap (from 93% to 67%), uneven
heat distribution in the part, and the generation of thermal stresses. Furthermore, increasing the
welding voltage from 440 to 480 volts at a constant speed of 1 mm/s caused the maximum tensile
residual stress to rise from 124 to 152 MPa. The maximum hardness of the weld metal increased
from 180 to 215 Vickers as the welding speed rose due to the prevention of carbon diffusion and
an increased growth rate. However, with an increase in welding voltage and heat input (from 57 to
69 Jmm), the hardness decreased from 225 to 215 Vickers due to areduction in thermal gradients
and grain growth.
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