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Multi-objective Topological Optimization Design of the Big Arm of Silicon Wafer Robot

YU Ning-bo, HUANG Zhong-yu
(Hubei Three Gorges Polytechnic, Yichang 443000, China)

ABSTRACT: The work aims to improve the static and dynamic structural performance of the silicon wafer robot and re-
alize the lightweight structural design. The multi-objective optimization theory combined with the analytic hierarchy
process was introduced to realize the structural optimization design of the robot's big arm. The load condition of big arm
was analyzed in terms of the design scheme, the solid isotropic microstructures with penalization (SMIP) model was used
to build the multi-objective optimization numerical model, and the optimization solution was done via optimality criteria.
The analytic hierarchy process in the mathematical statistics was introduced to determine the weight ratio of sub-objective
functions. The overall objective function about static stiffness and first-order natural frequency was constructed according
to the compromise programming method. The optimization results analyzed that the compliance of the big arm reduced
from 26.890 mm/N to 13.221 mm/N, the first-order natural frequency increased from 556.86 Hz to 629.90 Hz, and the
structural mass decreased from 1.48 kg to 0.583 kg. The multi-objective optimization results show that, the improved de-
sign of the big arm of silicon wafer robot based on the multi-objective optimization theory not only improves the static
stiffness effectively as the enhance of the first-order natural frequency indicates that the vibration suppression ability of
the big arm is improved, but also realizes the lightweight design of the big arm. The introduction of analytic hierarchy

process provides impersonal theoretical basis for the importance of sub-objective functions in multi-objective optimiza-
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tion problems.
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Fig.2 Load condition of the big arm of silicon wafer
robot in front view
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Fig.3 Big arm structure based on traditional design method
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Fig.4 Big arm's finite element model
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Fig.5 Statics analysis of traditional big arm
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Fig.6 Static topology optimization result of robot's big arm
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Fig.7 Structural stress distribution after optimization
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Tab.1 Mechanical performance variation before and
after optimization

/(mm-N1) /MPa /kg
26.889 80 191.6 1.482 15
12.447 21 206.3 0.544 65
7 1

26.889 80 mm/N 12.447 21

mm/N 53.71%

191.6 MPa
206.3 MPa 7.13%
4.3
Mal'3l
SIMP

-1
— 0)1
Jmax A ’1°+S[,11—10J
(K-24M){¢}=0
" 4
YVx,-V.<0 V.=aV,
e=1
|4, -4 = A
O<x,, <x, <l e=L2---N
A4 Al 1
Ao, S w1 1
M o} 1 dy
4.4
4
SIMP
27
8
9



41 7

-213 -

R
1.00
0.89
0.78
0.67
0.56
0.45
034
023
0.12
0.10

8
Fig.8 Modal topology optimization result of robot’s big arm
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Fig.9 First-order mode before and after optimization
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Tab.2 First-order natural frequency variation before
and after optimization
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Fig.10 Multi-objective optimization function
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Fig.11 Multi-objective optimization results of big arm

3
Tab.3 Mechanical performance parameter before and after multi-objective topology optimization
/(mm-N") /kg /Hz
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Fig.12 Geometry model of big arm based on
multi-objective optimization
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Fig.13 Statics analysis of optimized model
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Fig.14 First-order mode of optimized model
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Tab.4 Comparison of structural performance before
and after optimization

/ /
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