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Parameter Optimization Design of Footrest Mechanism
Based on Experimental Design
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Abstract;: Aiming at the testing requests for the rack of massage chair GB/T26182—2010, the finite element analysis
was done to the designed footrest mechanism by using ANSYS Workbench. The strength and stiffness were checked, and
the results of simulation showed that the stress was mainly concentrated on the lifting rod and plastic deformation
occurred under the test load. By using the method of experimental design, the parameters of the lifting rod of the footrest
mechanism were studied and optimized, the mechanical properties were improved. According to the optimized results,
the prototype was manufactured and tested. The research results indicate that the mechanical properties of the
mechanism can be obviously improved by the method of parameter optimization, and after the optimization, the footrest
mechanism will meet the standard requirements, the result of the physical test is in line with the expectation of the
simulation result and verifies that the parameter optimization design is effective. The research can improve the strength
and stiffness of the rack, so as to meet the testing requirements.
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Table 1 Material properties of 0235
ket B p/ (kg -m™?) PP E/CPa AL p
Q235 7 850 206 0.29

SN J1/MPa
240.640 0 Max
112.820 0
92.901 0
72.983 0
53.066 0
33.148 0
13.2300
1.576 8E-6Min

@RI EE

SARZEIE /mm . JJ/MPa
2.083 60 Max 240.640 00 Max
1.785 90 117.530 00
1.488 30 97.552 00
1.190 60 77.577 00
2089296 =1 U100
059531 37.626 00
0.20763 17.651 00
0.000 00 Min 0.153 65 Min
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Adding constraints and loads

Figure 1
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Figure 2 Solution result of footrest mechanism
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Figure 4  Sensitivity to each input parameter
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Table 2 Sample points and its corresponding

output parameter

FEAS WMASE  WASH  WASE Bl
5 X,/mm X,/mm X,/ mm MPa
1 15.00 35.00 70.00 240.64
2 13.50 35.00 70.00 256. 69
3 16.50 35.00 70.00 199.42
4 15.00 31.50 70. 00 327.06
5 15.00 38.50 70.00 249.16
6 15.00 35.00 63.00 242.40
7 15.00 35.00 77.00 224.06
8 13.78 32.15 64.30 318.80
9 16.22 32.15 64.30 297.35
10 13.78 37.85 64.30 251.13
11 16.22 37.85 64.30 220.59
12 13.78 32.15 75.70 301.22
13 16.22 32.15 75.70 277.63
14 13.78 37.85 75.70 235.13
15 16.22 37.85 75.70 208.94
%3 A&tk
Table 3 Optimized design points
jors) HASEL HASEL MASE WS
X,/mm X,/mm X,/mm MPa
1 15.0 35.0 77.0 224.33
2 15.0 36.5 77.0 213.93
3 16.5 35.0 77.0 190. 64
4 16.5 36.5 70.0 196. 33
5 16.5 36.5 77.0 178.97
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Figure 5 Response surfaces of output
parameter relative to input parameters
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Figure 6  Analysis results of optimized model
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Figure 7 Prototype test of footrest mechanism
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