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A numerical investigation on the use of the virtual element
method for topology optimization on polygonal meshes

Aim
Moving along the lines of the pioneering works [1,2] explore the potentiality of polygonal meshes and the virtual
element method to solve topology optimization problems governed by: a) elasticity equation - b) Stokes equation

VEM discretization

Th: decomposition into polygonal elements E
Qad = {ph € Qad : phie € Po(E) VE € Th} — discrete controls
V, C V — low-order VEM space of discrete displacements [3]

@ a) minimum compliance problem:

min  C(pp,up) = Fp(up)

pPhE€EQad
s.t. an(ph; Un.vh) = Fr(vh) Yvh € Vo
: dx <V,
V/S‘th X X Vf
o an(phiun,vn) = X ger, PEah (Un, vh) — discrete form Clamped cantilever. Optimal layouts achieved using structured
 a; (up,vp) =~ 2u0 [£e(u) : e(v) dx + Ao [ divu divv dx VEM grids (top - 2006 and 7990 polygonal elements) vs. FEM
® Fp(vp) — discrete load grids (bottom - 2048 and 8192 square elements)

e b) minimum dissipated energy problem: — Coarse quadrilateral grids can lead to sub-optimal solutions

min  ap(pp; up, up)

Ph ~ Qad )
1 e e
— Ph dx < Vr R S D X
V Q2 ":.'::.'::.-.-.-.-:.-a.-.-.r.-.w.?.'.'.-.%-.-.'..-.'.':.-.-.-.-.-.-:.-.%'.-.'.'
e a
o ah(ph; up, vh) — ZEG% af(ph; Up, vh) — discrete form Gy

< (3 [
e

® a; (phiup,vp) = 240 [¢e(u) : e(v) dx + Ao [ divu divw dx + [, i—g’uv

{1}

Four-point load specimen on unrotated / 30°-rotated meshes.
Optimal layouts achieved on a VEM grid (top - 2168 elements)

Pipe with obstacle. Optimal layout on an unstructured grid vs. a FEM grid (bottom - 2068 four-node elements)
with 4096 polygons — Accurate geometrical description — Rotated quadrilateral grids can lead to unphysical optima
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