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Abstract: Topology optimization is applied for the lightweight design of three main parts of a vertical articulated robot:
a base frame, a lower and a upper frame. Design domains for optimization are set as large solid regions that completely
embrace the original parts, which are discretized by using three-dimensional solid elements. Design variables are
parameterized one-to-one to the material properties of each element by using the SIMP method. The objective of
optimization is set as the multi-objective form combining the natural frequencies and mean compliances of a structure
for which load steps of interest are selected from the multibody dynamics analysis of a robot. The obtained results of
topology optimization are post-processed to designs favorable to manufacturability for casting process. The final
optimized results are 11.0% (base frame), 12.0% (lower frame) and 10.0% (upper frame) lighter with similar or even
higher static and dynamic stiffnesses than the original models.
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Fig. 1 Vertical articulated robot
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Fig. 2 Base frame: (a) boundary condition of initial
model and (b) design domain for topology
optimization (red: non-design domain, green:
design domain)
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Table 1 Comparison of system performances between
the initial base frame and the optimized base

frame
Initial Optimized
base frame in base frame in
Fig. 2(a) Fig. 3(b)
Mass[kg] 138.9 1243
Compliancel 2.92¢2 2.57e2
Compliance2 6.54¢e2 6.60e2
Compliance3 1.09¢3 9.33e2

Contour Plot
Element Densities(Density)
Simple Average

1.000E+00

[8 S00E-01
7 BO0E-01

—6.700E-01

—5.600E-01
LkﬁmE-m

3.400E-01
2.300E-01
1.200E-01

1.000E-02

(a)
Fig. 3 (a) The topology optimization result of the base
frame, and (b) its post-processed design
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Fig. 4 Lower frame: (a) boundary conditions and (b)
design domain for topology optimization (red:
non-design domain, green: design domain)
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Fig. 5 Lower frame: (a) 1 mode shape, (b) 2™ mode
shape and (c) 3" mode shape
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Fig. 6 (a) The topology optimization result of the lower
frame and (b) its post-processed design
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Table 2 Comparison of system performances between
the initial lower frame and the post-processed
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Table 3 Comparison of system performances between
the initial lower frame and the optimized lower

lower frame in Fig. 6(b) frame
Initial Post-processed Initial Optimized
lower frame in lower frame in lower frame in | lower frame in
Fig. 4(a) Fig. 6(b) Fig. 4(a) Fig. 8(b)

Mass[kg] 242.5 211.4 Mass[kg] 242.5 213.5

Compliancel 2.35¢2 2.06e2 Compliancel 2.35¢2 2.03e2

Compliance2 1.76€3 1.82e2 Compliance2 1.76e3 1.75e3

Compliance3 1.87¢3 1.79¢2 Compliance3 1.87¢3 1.76e3
1* Mode[Hz] 9.2 7.9
e Sl Ssss 0 50k 2" Mode[Hz] 9.6 9.7

Arlysis system Smpe Avaage. rd

E} %EE [g gzgggs 3" Mode [HZ] 114 12.4
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Fig. 7 Analysis results of the post-processed lower frame
in Fig. 6(b) by the second load case: (a)
deformation contour and (b) Von Mises stress
contour

Design domain

Fig. 8 Design domain for free shape optimization
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Fig. 9 (a) The shape-optimized lower frame and (b) the
final design
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Fig. 10 Upper frame: (a) boundary condition of initial
model and (b) design domain for topology
optimization (red: non-design domain, green:
design domain)
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Table 4 Comparison of system performances between
the initial upper frame and the optimized upper

frame
Initial Optimized
upper frame in upper frame in
Fig. 9(a) Fig. 11(b)
Mass[kg] 214.9 193.3
Compliancel 2.40e2 2.34¢2
Compliance2 4.90e2 4.79¢2
Compliance3 2.43e2 2.41e2
1* Mode[Hz] 47.5 53.8
2" Mode[Hz] 66.4 76.7
3" Mode[Hz] 175.9 196.2

Contour Plot
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Simple Averagg
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Fig. 11 (a) The topology optimization result and (b) final
design of the upper frame
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