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[ABSTRACT]

appropriate selection of process parameters is key to obtaining high-quality cladding layers. The changes in process

Laser cladding technology can significantly enhance the surface properties of materials, and the

parameters during laser cladding have a significant impact on the performance of the cladding layer. Subsequently, a multi-
objective optimization of process parameters was conducted using response surface methodology (RSM) and the second-
generation non-dominated sorting genetic algorithm (NSGA—II), and the comprehensive performance under the optimal
process parameters was analyzed. By utilizing a central composite design (CCD) experimental scheme, a mathematical
model was established to analyze the interaction between input variables (laser power, scanning speed, and powder feed
rate) and response values (dilution rate, aspect ratio, and microhardness). NSGA—II was employed to optimize the process
parameters, and the comprehensive performance of the cladding layer under optimal parameters was tested. The results of
multi-objective optimization indicate that under the conditions of 1250 W laser power, 7.9 mm/min scanning speed, and
3.2 r/min powder feed rate, the cladding layer had a dilution rate of 18.8%, an aspect ratio of 4.712, and a microhardness of
624.38HV,, achieving the best match for the target response values. The cladding performance under optimal process
parameters shows that the microhardness of the cladding layer reaches 637.1HV j;, 2.5 times that of the substrate. Under
the same wear conditions, the volume wear rate of the cladding layer is only 13.5% of the substrate. Electrochemical
corrosion results indicated that the corrosion resistance of the cladding layer reaches 81.5% of the substrate. Tensile test
results show that the cladding samples achieve a yield strength of 420 MPa, a tensile strength of 810 MPa, and a elongation

of 25%. This optimization method and its results can provide a reference for the parameter design and performance control

of laser cladding processes for similar materials.

Keywords: Laser cladding; Response surface methodology; Multi-objective optimization; Wear resistance;
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Fig.3 Morphology of single-pass cladding
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Fig.4 Interface schematic diagram of laser cladding
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Table 3 Input variable and its response values of RSM

experimental design
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Table 4 Response value analysis of variance results
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Fig.5 Residual plots for each response value
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Fig.6 Interactive influence of process parameters on dilution rate
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Fig.8 Interactive influence of process parameters on microhardness
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Table S Comparison of optimized prediction results and

experimental results
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Fig.11 Section diagram of optimal process parameters
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Fig.12 Longitudinal distribution of microhardness of laser

cladding specimen
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Table 6 Comparison of wear parameters of substrate and

cladding layer
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Fig.13 Comparison of frictional coefficient of substrate and coating
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Fig.14 Comparison of three-dimensional morphology and worn depth of wear marks
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Fig.7 Electrochemical corrosion process parameters of substrate

and cladding materials
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Fig.15 Polarization curves of the substrate and cladding layer materials
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Table 8 Tensile test results and base material properties
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