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Eigenvalue maximization by voxel topology optimization using CUBE framework
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Topology optimization to obtain a conceptual structure of an automobile frame that satisfies NVH per-
formance from a large domain of metal blocks requires a small volume fraction constraint and sufficient
element resolution. In this study, we implemented a voxel topology optimization framework based on the
CUBE framework to perform eigenvalue maximization of the structure in a massively parallel environment

and measured its parallelization performance.
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Fig.1 Procedure of topology optimization using CUBE
framework.
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Fig.2 Cubic cantilever, the problem for the weak scaling mea-
surement.

1. x; := {normalized random vector}, p; := 0

2. pio = x - A(x), rip = |A(x) — pioB(x)|

3. x; := {initial guess from previous topology iteration}
4. do loop:

5. pi=x-Ax), w; := A(x) — u;B(x)

6. r; = |w;|, normalize w;

7. break if max(r;/rip) < €0l

8. Z:=[xi,wipi]

9. SA:=ZTAZ), S =Z"B(2)

10. [A;, V] :=dsygv(Sa,Sg), V := (Bu» @kis Yii)"
11, y; := g auiWk + BriXk + YiiPr» Xi := normalize(y;)
12, y; := Xp @uiWk + YiiPk, pi := normalize(y;)
13. end loop
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Tablel Problem settings for weak scaling measurement. Note
that 1 CUBE is 32° cells; and k=10°, M=10°, and
G=10°.
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Fig.3 Weak scaling characteristic of PCG solver with 1,000
iteration.
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Fig.4 (a) Simple beam half model boundary conditions and
(b) first bending mode.
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Fig.5 Optimal shape of first bending mode frequency maxi-
mization.
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Fig.6 Eigenfrequency history of eigenvalue optimization.
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Fig.8 Boundary conditions and eigenmodes for vehicle frame
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