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Laser welding has become a widely adopted technology in modern industry
due to its precise heat control and minimal thermal impact on surrounding areas.
These characteristics make it particularly suitable for repairing plastic injection molds,
where precision and preservation of the original structure are critical. This study
investigates the influence of welding parameters-namely pulse frequency and pulse
duration-on the weld quality of AISI P20 mold steel using an Nd: YAG laser. Macro and
microstructural metallographic analyses, as well as hardness testing, were conducted
to assess the effects of these parameters.

The results show that increasing both pulse frequency and duration leads to
wider weld beads and significantly improves weld continuity. Optimal conditions were
found at a pulse frequency of 7 Hz and pulse durations of 5-7 milliseconds, which
reduced incomplete fusion defects and ensured effective coverage of the repair area.
Heat input values ranged from 116 to 468.3 J/mm, correlating directly with parameter
changes and influencing the microstructure. The weld metal (WM) exhibited a coarse-
grained acicular martensitic structure, while the heat-affected zone (HAZ) displayed
finer microstructures due to rapid cooling. Weld hardness ranged from 320.4 to
413 HV, higher than that of the base material, indicating microstructural transformation
post-welding. These findings demonstrate that appropriate control of laser welding
parameters can significantly enhance the quality of mold repairs, making the process
highly applicable for precision maintenance tasks.
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