34 FHE 11
2018411 H

00D & MACHINERY

Vol.34,No.11
Nov.2018

DOI:10.13652/j.issn.1003 —5788.2018.11.019

MD-1200Y] 3 5R#128 N RE 2 22 0 & H AR
izt

Multi-objective structural optimization design for the waist mounting
bracket of MD-1200YJ palletizing robot
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Abstract: Finite element model of waist mounting bracket of MD-
1200Y] palletizing robot was established, and the accuracy of the fi-
nite element model was verified by modal analysis, the modal test,
and static analysis. Taking dynamic factors into account, based on
the quintic non-uniform. the rational B-splines motion law was
carried out. and the analysis showed that this part had the potential
of lightweight design. The mass, the maximal stress, and the maxi-

mal deformation were minimized as the optimization objectives were
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determined. The structure parameters as design variables, the first
and second natural frequency no reducing and boundary conditions of
design variables as the constraint conditions, the approximation mod-
els of objective functions and constraint functions were established by
the Box-Behnken and the RSM, and the accuracy of these models
were verified. The multi-objective optimization mathematical model
was established by the methods mentioned above. The optimal solu-
tion was obtained by using NSGA-II algorithm, and the optimized
model of waist mounting bracket was also gained. The contrastive a-
nalysis results between optimized model and initial model showed
that the mass reduction was 8.2% , as the first two natural frequen-
cies were increased, bounding with the maximum stress and deform-
ation within allowable values range. The validity of this optimization
design method was verified.

Keywords : palletizing robot; waist mounting bracket; multi-objective

optimization; static analysis; modal analysis
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Figure 1 Model of MD-1200Y] palletizing robot
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Figure 2 Simplified model of waist mounting bracket
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Figure 3 Finite element model of waist mounting bracket
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Figure 4 Test principle and data transfer diagram
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Table 3 Comparison between the experiment and FEM

model for the modal frequencies
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Figure 6 Force on attitude keep link mounting hole of

waist mounting bracket
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Figure 8 Force on the big arm mounting hole
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Figure 9 Reaction torque on the big arm mounting hole
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Figure 10 Force on the forearm mounting hole
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Table 4 Force conditions at the mounting holes of the big arm and forearm
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Figure 12 Force analysis of spring cylinder
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Figure 15 Displacement nephogram
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Figure 16 Design variables indicator diagram of waist

mounting bracket
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Table 5 Initial value and value range of design variables
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Table 6 Experiment design matrix
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Table 7 Comparison between calculation results and predicted results of approximate model
s f1 fe O max O max
T — ; - — : - e ; - — ; =
bR/ Hz BN {E/Hz 3222/ % SCbR{E/Hz BOWE/Hz #8225/ % SCRE/Hz WA/ Hz 825/ % SEBR{H/Hz BU{4/Hz 3222/ %
1 155.51 155.58 0.045 5 163.03 162.84 0.118 7 62.130 61.402 1.171 3 0.390 4 0.3919 0.377 4
2 151.40 152.55 0.756 6 157.42 156.15 0.811 6 61.988 62.314 0.525 8 0.385 8 0.3852 0.141 8
3 141.62 141.45 0.123 9 173.39 173.54 0.085 9 75.099 76.274 1.564 6 0.659 0 0.663 9  0.749 9
15 149.03 149.38 0.231 2 160.52 160.09 0.267 1 68.185 69.171 1.445 4 0.489 4 0.486 6  0.570 6
TR IRZEEE 0 URER B HI .
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Table 8 NSGA-II algorithm parameter setting
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Table 9  Optimization results of structural parameters
S 5 x1/mm xs/mm x3/(%) x4/mm x5/mm x¢/mm /() xg/mm
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10 HRNUE#HSBRALER
Table 10 Optimization results of objective parameters
e I m/kg O max/mm 0 max/MPa f1/Hz f2/Hz
AL TT 297.12 0.456 58.002 151.93 162.46
At G 272.90 0.528 63.646 152.37 168.92
5 A 5 24.22 § 0.072 4 5.644 A 0.44 4 6.46 A
Stress Deformation
63.646 Max 0.528 05 Max
56.574 0.469 38
49.503 0.41071
42.431 0.352 03
35.359 0.293 36
28.287 0.234 69
21.216 0.176 02
14.144 0.117 34
7.0720 0.058 672
0.000 252 46 Min 0.000 00 Min
[MPa] [mm]
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Figure 17 Stress nephogram of optimized model
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Figure 18 Deformation nephogram of optimized model
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The first modal shape of optimized model
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Figure 20 The second modal shape of optimized model
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