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METHOD ANALYTICAL + NUMERICAL DECOMPOSITION

An analytical + correction splitof T & w2iw.a

GOVERNING PROBLEM
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THE BOTTLENECK

LPBF drives steep gradients on the scale of the laser spot, r = 20 pum.
FEM then needs uniformly fine meshes or scan-wise remeshing —
intractable at part scale.
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The classical image-source method enforces adiabatic walls only for
prismatic blocks. On real CAD it breaks at
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OUR DECOMPOSITION
T T

. Analytical half-space field

Superposition of instantaneous point-source Green's functions.
Closed-form, mesh-free, evaluated only where it matters.
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IGA correction field

A smooth NURBS solve of the heat equation whose boundary
conditions cancel the half-space residual on the true geometry.
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Heat-source agnostic — any kernel admitting a half-space solution (Gaussian
surface source shown).
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RESULTS - ACCURACY AND COST
Matched accuracy at a fraction of the cost

Relative L%-error of the total field T
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| T by IGA
Thin-wall benchmark (uniform mesh, e, < 5%)

15 ll() 5 0 103 104 10°
l.= lmin/"‘laser DOFs MethOd DOFS CPU/Step
IGA (G+Smo, quad.) 2 639 0.132s
vs element size lo = | yin/r vs degrees of freedom
Abaqus C3D4 11536 10.6 s
IGA holds e, S 10% even at l. = 13 (elements 13x the laser radius), and sits 1-
e Abaqus C3D20 45 261 340s

2 orders of magnitude below FEM at matched DOFs.

| CP~1 NURBS resolve through-thickness gradients smoothly across coarse
elements — where C° FEM must keep refining | pin.

Temperature
1900.0
1500.0 ]
1000.0 —

500.0 l
200.0

Generalises to free-form CAD: adiabatic BCs enforced on a butterfly part
(cubic-NURBS, 27 456 DOFs) where image-sources are inapplicable.
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