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Development of Strongly Coupled Method for Interaction of Structure,
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In this paper, a strongly coupled method for interaction of rigid body, incompressible viscous
fluid and electrostatic field is developed. The present method is composed of monolithic and
partitioned methods. The former solves structure fluid interaction and the later solves interaction of
electrostatic field and the other fields. The difference between the present method and conventional
method is the introduction of the iterative solution procedure in the partitioned method. To
demonstrate the fundamental performances of the present method, it is applied to simulate a micro
membrane actuated by electrostatic force situated in air. The present result agrees well with the
theoretical solution when the displacement of the rigid body is small. We also comfirm that the
iterative solution procedure makes the present method to be the strongly coupled method through the
numerical example.
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Predict acceleration, velocity. displacement and
pressure by Eq. (9)

Mesh update

¥

r Derive electrostatic force by Eq. (3), (4) J

t=1r+At

k=k+1

Derive increments of acceleration, velocity,
displacement and pressure by linearized
coupled equation system of Eq. (1), (2) and (7)

¥

Correct acceleration, velocity, displacement
and pressure by Eq. (8)

Mesh update

End

Fig. 1 Flow chart of present method.
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Fig. 2 Micro membrane.
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Fig. 3 Two dimensional modeling of micro membrane.
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Fig. 4 Finite element mesh of fluid domain of two
dimensional model.

Table 1 Boundary conditions for finite element mesh shown in Fig. 3.

Boundary Fluid Electrostatic field
A Traction free oV
B Noslip oV
C Left-right symmetry Lefi-right symmetry
Rigid body Noslip V'V
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Fig. 5 Amplitude and period of vibration of rigid body.
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Fig. 6 Isoelectric lines around the membrane at its initial
position.
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Fig. 7 Relation between vertical displacement and velocity of
rigid body.
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Fig. 8 Time histories of F|, indicated by solid line and F;
indicated by dotted line.
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Fig. 9 Time history of vertical displacements for interaction
of structure, fluid and electrostatic field.
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Table 2 Added mass n2’ and added damping ¢/ derived by the finite
element method for interaction of incompressible viscous fluid and a
rigid body.

Fuid effects V=15V V=35V
Addedmass m’ (kg) 9848 x 10 9045x 10
Added damping ¢/ (kg/sec) 159910~ 1819x10~
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Fig. 10 Comparison of the present results and theoretical
solution.
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Fig. 11 Transition of vertical electrostatic force acting on the

rigid body at first time step.
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Fig. 12 Comparison of the results by the present method and

the conventional method.
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