W EE A T 5
453124

2024 4E 12 H

© N FHBCEER 29025 25, ISSN 1000-0887

Applied Mathematics and Mechanics

X

R

<}

SRR DB RR AR EEAER

, E W, #HEX
(R MR RS LS MUK S5 )20 s il e E E S S0 %, rg st 210016)
E. YY) KSR 0 A7 R I, 75 525 58 b T R S A R B A 2 SO T — A RO
S T R S HER T MR W 5 &R IS B T JCE 75 W i PR R BRIk ) B SRR 55 Winkler
Mo FEARARY T S LR AR B RO S B AR AR B T RO B N R R. LU IR R 20 (EPS) FIR 206
(PE) 2R, 43 418 T RO Al R 242 | SUPA i RO L IR S B g2 o e il 28 1 LA M SIS I 26 i 52
x # iR, W, FMEEYIARIY;  Winkler MIFEARAL,  FHWSE, R
FESES: 03432 XHfFRER. A DOI. 10.21656/1000-0887.450028

Elastocapillary Deformation of Soft Matter Beams
on Elastic Substrate
YU Huiting,

WANG Yu,

HUANG Zaixing
(State Key Laboratory of Mechanics and Control for Aerospace Structures,

Nanging University of Aeronautics and Astronautics, Nanjing 210016, P.R.China)

Abstract: With droplets on the surface of soft matter or micro/nanostructures, wetting-induced elastocapillary

deformation should be considered. Based on a new wetting equation, the relationship between the droplet
spreading radius and its surface curvature was determined, and the necessary conditions for the droplet to hold
the spherical cap without the influence of gravity were obtained. Combined with the Winkler foundation model,

the elastocapillary deformation of soft material microbeam on elastic substrate was calculated. The analytical

0 5l El

solution for the deflection of the microbeam was given. With polystyrene and polyethylene beams as examples,
=]

the influences of the droplet spreading radius, the beam material elastic modulus and the Winkler foundation

parameter on the microbeam deflections and detachments from the substrate, were analyzed and discussed.
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Fig. 1 Droplets acting on a beam placed on elastic foundation
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Fig. 2 Wetting induced deformation of a beam on elastic foundation
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Table 1 Material and geometric parameters of the EPS micro-beam
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Fig. 4 For droplet radius R = 0.01 mm, resultant force f(1,) of the beam in the 0 ~ [, section
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Fig. 5 The deflection curve of the micro-beam
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Fig. 6 The deflection curve of the micro-beam wetted by a droplet with a radius of 1 mm
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Fig. 7 The deflection curve of the micro-beam wetted by a droplet with a radius of 0.1 mm
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Fig. 8 The deflection curve of the micro-beam wetted by a droplet with a radius of 0.01 mm
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Table 2 Maximum deflections and adhesive lengths of the micro-beam vs. droplet radii

R /mm
parameter
1 0.1 0.01
¥(0) /mm 0.024 2 0.046 2 0.049 6

[, /mm 1.4 0.83 0.82
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Fig. 9 Elastocapillary bending of PE and EPS microbeams subjected to droplet action with a radius of 0.01 mm
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Fig. 10 Deflection curves of microbeams caused by droplets on different elastic substrates (R=0.01 mm)
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Table 3 Maximum deflections and adhesive lengths of the micro-beam vs. the bedding coefficient

kE/(1073 « N/mm?)

parameter
1 1.5 2 20
y(0) /mm 0.046 1 0.034 0 0.027 4 0.004 9
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