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Abstract Compared with the traditional products manufacturing pattern, the cost of 3D printing
products is still relatively high. It is important to optimize model to reduce print material consumption
and printing costs without sacrificing print quality of the object surface. To solve this problem, we
present a topology optimization algorithm for minimal volume in 3D printing with traditional
evolutionary structural optimization methods combined with Von Mises stress. The algorithm
calculates Von Mises stress of the model to guide the evolution of the volume reducing, until the
maximum Von Mises stress reaches the allowable stress value of the material. Furthermore, we
introduce multi-resolution technology to accelerate optimization computing from the coarse tetrahedral
meshes to fine meshes, which effectively improves the computational efficiency. Compared with other
existing methods, the optimization results of our method can be more flexible and better reflect the

load transfer path of model under the given force.
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Fig. 1 Topology optimization object (Hanging ball
model as an example).
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Fig. 2 Three refinement of hanging ball model.
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Fig. 3 Midpoint refinement method of tetrahedron.

3 DT A T A vk

3 XWHER

AR AT — A 3D RS AR I 4R L % H
T2 7 R — A~ Hb 58 B — A PR A AL, I 43 )
TetGen J7 44 H DU AR AL s Z 5 o % #8580 Py F % 4
K RS B AT T T A R 5 A SE i
Oy AT IE A9 B — A R A Y LA T TR O 1A R R i
ZALE R, &% )5, & T Marching Tetrahedron J5 i
THE$R IS (B I R R AL AL O 3D A% AL
PLHF 3D FTER.

Fe I TE7F hanging ball, bunny, buddha head %
BEARL ER T R M A S Windows #: 4

% 4¢;CPU # Intel Core 15-3210M @2. 5GHz; NfE
4 GB. e B AR A S 1k v, A SR T el HL I A 1)
20 A L A 23 B 5 8 e o B R I Rk 0 TR
THAE FME AL T B SR A B B AR, I E 4 By
Bunny #5840 53 1158 5 #E s &

Y

X
(b) First refinement model after
tetrahedralizing bunny interior parts

(a) Shell and interior
parts of bunny model

Y hT4

X

(c) Optimization result of first
refinement model when stress
ratio is 0. 7

(d) Transfer the result to
second refinement model

kT3

X x
(e) Optimization result of second (f) Transfer the result to
refinement model when stress third refinement model
ratio is 0. 9

kT3

X

(h) Final result of bunny after
combining its shell and
optimization result of interior

(g) Optimization result of third
refinement model

Fig. 4 Optimization procedure of bunny model.
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Table 1 Comparison between Direct Optimization and
Refined Optimization of Bunny Model
Rz 1 bunny EREZEMELESES LA

Optimization . Computing
Vertex Tetrahedron Iteration .
Methods Time/s
Direct
R 46 895 233792 161 19421.4
Optimization
First Refinement
1128 3653 21 47.5
Mesh
Second Refinement
6 884 29224 27 284.4
Mesh
Third Refinement
46 895 233792 34 4101. 4
Mesh
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Table 2 Volume of Optimization Result
*2 RUEREREE 100 mm’

Optimization ~ Solid Shell

Interior Optimization Volume

Object Volume Volume Volume Volume  Ratio/ %
hanging ball  58. 08 10. 64 0.55 11.19 19. 27

bunny 83.05 13.11 0.71 13.82 16. 64
buddha head  33.99 3.34 0.21 3.55 10. 44

[FI i Fe AT 1% FH MakeBot Replicator2 ] EFHLT
Ep 7 — 2RI RY , an &l 5 P

Indf

Fig. 5 3D printing of optimization result.
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