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ABSTRACT: The work aims to conduct lightweight design of health care assistive devices and explore a comprehensive
design method of product form lightweight and structure lightweight to reduce and alleviate the physical and psychologi-
cal burdens of users. With protective boots as an example, firstly, the lightweight imagery was taken as the form design
target, and the semantic difference method and principal component analysis were used to obtain the lightweight imagery
and its typical representative samples; secondly, the visual dynamic form analysis was used to establish the mapping rela-
tionship of the lightweight imagery of the product form, and the initial form scheme was designed by the curve control
method based on this relationship; then SolidWorks software was used to optimize the topology, determine the redundant
part of material and provide guidance for structure weight reduction; finally, the mapping relationship was combined
again to optimize the initial form design and obtain the final design scheme. The protective boot design scheme is evalu-
ated. The simulation results show that the weight of the scheme is reduced by nearly 40%. The evaluation results show
that the lightweight imagery is well evaluated, which shows the feasibility of the method and provides a new idea and
method for the lightweight design of health care assistive devices.
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Fig.1 Research process of product lightweight design
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Fig.2 Diagram of representative samples
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Tab.1 Mean value of sampleimagery score
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B Bl B RDD 3 fiE WZk 2o B M B GRU amdh i gk 2o
1 0.8 0.13 1.07 -0.33 0.6 1.2 0.2 0.67 6 -0.73 -0.27 0.93 0.13 -0.47 0.4 -0.13 -0.47
2 -0.27 -1.07 -0.47 0.67 -0.73 -0.53 0.67 0.33 7 227 2.07 -0.2 0.47 047 1.2 0.73 -0.27
3 02 -1 0.93 0.8 0.13 0.6 0.87 0.4 8 1.67 1 -0.13 0.67 053 1 0.8 0.13
4 1.67 0.73 0.6 0.13 0 0.13 0.27 1 9 -0.8 0.53 0.73 04 -033 053 06 -0.6
5 0.67 —0.8 0.33 0.13 -0.07 1.07 -0.2 033} 10 -1.33 -0.53 0.67 0.33 0.2 0.6 0.6 0.27
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Tab.2 Variance contribution rate of factor analysisload matrix machine
WA it Eiggﬁ BE% it %iigiiﬂ 2t mﬁi@iﬁﬁ 2FU%
1 2.518 31.478 31.478  2.518 31.478 31.478 2.431 30.387 30.387
2 2.294 28.672 60.150 2.294 28.672 60.150 2.037 25.469 55.856
3 1.333 16.666 78.816 1.333 16.666 76.816 1.396 17.452 73.308
4 1.005 12.567 89.383 1.005 12.567 89.383 1.286 16.075 89.383
5 0.551 6.890 96.273
6 0.193 2.417 98.690
7 0.080 0.997 99.687
8 0.025 0.313 100.000
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Tab.3 Analysis matrix of factor principal components
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p=¢ 3TN D 1 2 3 4
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B 0.817 0.520 0.243  -0.231
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iz 8-k 0436  —0.667 0.575 0.002
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Tab.4 Evaluation value of sample imagery

AT A
2 3 4 6 7 8 9 10
(E3 0.8 —-0.27 0.2 1.67 0.67 -0.73 2.27 1.67 -0.8 -1.33
L5 0.13 -1.07 -1 0.53 -0.8 -0.27 2.07 1 0.73 -0.53
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Fig.3 Representative samples of imagery
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Fig.4 Analysis on "slender" visual dynamic forms
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Fig.5 Analysis on "light" visual dynamic forms
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Fig.7 Analysis of "concise" visual dynamic forms
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Tab.5 Mechanical properties of PP materials
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Fig.11 Example of static stress analysis of protective boots
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Fig.12 Example of insight into design of protective boots
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Fig.13 Topology optimization diagram of protective boots
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Tab.6 Evaluation results of lightweight image
design schemes

IR BRE RN Eshn

AT BIE A

VEX 1.06 0.82 1.32 0.52 3.72
VEL) 1.23 0.65 1.12 0.35 3.35
FEAS 7 1.54 0.36 1.16 -0.34 2.72
FEA 9 0.62  —0.42 0.56 —0.24 0.52
FEA 4 0.65 0 0.22 1 1.87
FEAR 1 0.14 0.64 1.08 0.64 2.5

HEAS  —07 -0.12 1.1 0.34 0.62
A6  -0.8 -0.54 0.54 -0.56 -1.36
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ZHIAY 1.683 mm 754 1.023 mm, 1.328 mm 748K
9.250 mm, W ¥TELEREIN, BOUL)E R Hom
WA 0.898 kg 2R 0.578 kg, 0.781 kg ZFN
0.475 kg, JRHEHIE/D TUE 40%, SCELT 4540 4%
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TR T
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Fig.15 Simulation analysis of final optimization plan
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