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   Failure Regime                   Transition Regime                                  Geometric Accuracy                              Under-Fusion

Pore size 400μm Pore size 600μmPore size 500μm Pore size 700μm Pore size 800μm Pore size 900μm

Stable fusion + high geometric fidelity

Strong inter-wall thermal coupling
Φ ≫ 1 → excessive effective heat input

Balanced laser-geometry interaction
Φ > 1 → stable effective heat input

Thermally isolated walls
Φ → 1 → laser-limited melting

(a) Geometric-design-induced thermal behavior

(b) Pore-size-controlled inter-wall thermal interaction

Increasig 
pore size

(c) Geometry-controlled fusion regimes under low laser energy 
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Complex-2D Sinusoidal walls
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         Heat flux vector
𝜂𝑃𝐿  = Intrinsic laser heat input
ϕ = Geometry-induced heat 
accumulation factor (Φ ≥ 1)
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Increasing pore size  →  reduced thermal interac�on
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