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Deformation Analysis of Solid-Liquid Coupled Structure using Explicit
Finite Element Program
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ABSTRACT

In this study, deformation anallysis for solid-liquid coupled structure has been performed using explicit
finite element program. In order to model the behavior of liquid, SPH {Smooth Particle Hydrodynamics)
algorithm was adopted. Crash test and simulation for the hydro-type impact energy absorber were
given as an example of industrial application. The obtained good correlation between the test results
and simulation reveals that the proposed method could be used effectively for the structural analysis of
solid-liquid coupled problems
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2. SPH (Smooth Particle Hydrodynamics)
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Fig. 2.1 Example of smoothing kernel function
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"Smoothing kernel” E£& 715 ¥4, We v&d 22 Ak =31

- Normalization condition
| W(r -7, h)dr'=1
o

- Dirac delta function condition
}'intx)W(; -r Ry =8(r-r)=1

- Locality condition

W(s,h)=0 where, l; - ;l >2h

Fig. 245 9olA AF% Smoothing Zol(EE A9 MI& RAFE AL ot

Azel 2354
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A : particles used at the calculation of weighted average value for particle, P1
B : particles not used at the calculation of weighted average value for particle, P1

Fig. 2.2 Concept of smoothing length and volume
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—
— Dimension(unit : mm)
, Diameter of inlet(a) 470
af ¢ ' Diameter of tank(b) 1200
- Height of water(c) 825
e » Height of box(d) 1025

Fig. 2.3 Test specification of dynamic crash of water tank
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(HDPE) °|™ 743 XX+ Table 2.1 %t}

Table 2.1 Mechanical properties of water tank (HDPE)

Mass density, r (kg/m3) 958
Elastic modulus, E (GPa) 2.2
Poisson ratio 0.3

Yield stress, so (MPa) 29.9

% elongation 800

Fig. 24 & A 2% WEEES B9 A58 dM2dne &4 5o T3 o dids A& 2
AdolA o1gd SPH <duagdEol WY 1£ZE4 HLIZZ3WQ Pam-Shock M34]¢ AHE-3+9iT)
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Fig. 2.4 Water tank deformation and splash due to the moving barrier impact
(left: experiment, right: simulation)
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(a) Displacement of water tank (b) Body deceleration of moving barrier
Fig. 2.5 Displacement and body deceleration curves
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