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Overhang structures are essential geometries in metal additive manufacturing for realizing complex shapes. However,
achieving stable, support-free overhang structures requires precise control of process parameters, and securing shape
fidelity becomes particularly challenging as overhang length increases due to thermal deformation. To address this
challenge, this study proposed a Bayesian optimization framework for efficiently identifying optimal process parameters to
fabricate high-difficulty overhang structures. An image-based scoring method was developed to quantitatively evaluate
shape defects. Experimental data were collected by fabricating 3, 6, and 9 mm overhang structures with various process
parameters. Based on collected data, Gaussian Process Regression (GPR) models were trained. A physics-informed soft
penalty term based on energy density was incorporated to construct a surrogate model capable of making physically
plausible predictions even in extrapolated regions. Using this model, Bayesian optimization was applied to overhang lengths
of 12, 15, and 18 mm, for which no prior experimental data existed. Recommended parameters enabled stable, support-
free fabrication of overhang structures. This study demonstrates that reliable optimization of process parameters for
complex geometries can be achieved by combining minimal experimental data with physics-informed modeling, highlighting
the framework’s potential extension to a wider range of geometries and processes.
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Fig. 1 Defect types observed in overhang structures fabricated by
L-PBF process
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Fig. 2 Defect scoring method based on image comparison between
reference and printed shapes
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Fig. 3 GPR models for quality score prediction
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Fig. 4 Surrogate model and optimization result for 9 mm overhang
length
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Fig. 5 Underfill and overfill score maps for 9 mm overhang
structure across various P-V combinations
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