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Abstract

This work suggests a symmetrically formed three-dimensional force sensor elastic body construc-
tion based on a parallel structure to address the measurement needs of one-dimensional force and
two-dimensional moment in a particular field. The design of the streamlined sensor model is op-
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timized by the optimization and topology optimization module. The key design parameters of the
proposed three-dimensional force sensor elastomer are derived after a detailed description of its
structural properties and essential parts. The structural size parameters of the elastic web of the
sensor are then improved using the center combination design experiment method, and the effect
of the key sensor parameters on performance as well as the best optimization parameter group
are discovered. And finally, to further enhance the sensor’s force-measuring platform and fixed
platform were made lightweight via topology optimization, and the performance of the sensor and
the effect of weight reduction on its performance were examined. The findings indicate that al-
though the sensor’s deformation increases by roughly 6.25% and 20% before and after optimiza-
tion, the sensitivity greatly rises, the anticipated strain rises by 257% and 293%, and the overall
mass falls by 9.4%. The findings of this research will be helpful in optimizing the structural design
of multi-component force sensors.
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Figure 1. Three-dimensional force sensor’s general construction
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Figure 2. Flexible joint structure diagram
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Figure 3. S-type force-sensitive unit structure diagram
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Figure 4. Moving platform structural diagram
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Table 1. Flexible joint’s primary parameters
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d; Iy r I, I3

3 mm 13 mm 4 mm 4 mm 5 mm
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Table 2. S-type force-sensitive unit structural parameters
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Table 3. Moving platform structural characteristics
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Figure 5. Finite element mesh. (a) S-type force-sensitive unit; (b) Three-dimensional
force sensor
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Table 5. S-type force-sensitive unit force analysis
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Figure 6. Flexible path mapping
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Table 6. Three-dimensional force sensor structural force analysis
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Table 7. The design parameters and their bounds
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Figure 7. Samples chart with objectives
E 7. BiReH

5max-Total Deformation [mm]

El E]
g g
g 12 £
=) E 4
£ 09 £
— — 3
X X
1 0.61 \g
g £ 2
A 0.3 t.. )
.2 8
7 g ! L‘
=) 5|
- - 0
E% E S ,
4 . 5
E %S 102 106 110 5 kN :
p g i,
E‘*‘ ® Dy & %&%ﬁ' N A Dy
(© (d)
Figure 8. Response surface model
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Figure 9. Sensitivities of parameters

9. BHHIRHM

SERERN=ANTT R, BRI R RSSO TE 8 Frs. [R5 AR & 2 18] IRt 7
Pr5nL, x$e 8 i BE AT AL, RRECEE — A4 B H 5 iU 42 Dy = 32 mm. D, = 109 mm P
JEEZ hy = 0.9 mm AE PR IR BOBTH AL S R ARTE Ay 7)o FBRAR L RONIAR & BEAT R AR, JF
SYIRBTHEREAT R B

Table 8. Optimal candidate points for three-dimensional force sensor structural
8. ZHNERFREMNRERES

L P1% Dy 4ME D, JEFE hy
3% 15 1/mm 27.56 109.21 0.902
3% 5, 2/mm 32.18 109.07 0.904
{63 £ 3/mm 29.96 108.99 1.04

% 9 FoR, RALETEM RIS FIbEaE e 7740 F R B0 0.0031 mm, HEARAR TR &
4 6.25%; B&AE LK BRI INY) 424 e, KN AN 257%; 25008 71k £ 10.4 MPa, SR
JIHZ 2] 18.2%. 52546 461 N BAAAS LB 1 0.004 mm, HEAKAS AR ) 20%:; BRA% b B K S AR 1 A0
%9153 pe, 2L 293%, SRR SN 0.24 MPa, $EMZ) 1.5%. i) Eb 4 SR IR fRAIE = 4t )
R IR DR AR B TE AT IR T, AT PEERAR RS TS 15 3 0 =4 8 R3S M R A IR KR T

DOI: 10.12677/met.2022.116073 643 BB TR SR


https://doi.org/10.12677/met.2022.116073

LI

Table 9. Optimal structural force sensors
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Figure 10. Optimal three-dimensional force structural. (a) Results of topology optimization; (b)

Optimized structure
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Table 10. Analysis of light-weight structures
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