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A vibration-driven robot is a mobile device capable of moving in a resistive medium
without moving external parts. From the practical point of view such devices are of
particular interest in different subject areas. For example the possibility of using vibration-
driven robots in medicine are discussed in works [1, 2]. The question of the optimal
motion of the system by the motion of the internal body was first posed by Chernousko
[3, 4] who analyticality examined the rectilinear motion, along a horizontal plane, of a
rigid body with a cavity containing a different moving body (the internal mass) when
there is Coulomb friction between the plane and the body. Works [5, 6] are presented
analytical results for other resistance laws and for non-one-dimensional motion the internal
masses. Numerical research of vibration-driven robot motion in a viscous fluid haven’t
been performed earlier.

The problem of the simulation of a vibration-driven robot motion in a fluid can be classified
as a fluid-structure interaction problem. Furthermore, it is closely connected to problems
of periodical motion of structures in the crossflow. Numerous experimental and numerical
results (for example [7, 8]) were obtained for simple periodic laws (especially harmonical)
and simple geometrical forms of moving structures are a good platform for validation of
the present numerical model.

The vibration-driven robot in the present work is considered as a system consisting of
two rigid bodies . The main body (body M – the shell) of mass M is located in the fluid,
while the second body of mass m (referred to below as the internal mass) is moving within
it. The longitudinal periodic motions of the internal mass in relative to body M with
which the entire system moves as a whole are investigated. The velocity of body M will
be denoted by u, and the displacement and velocity of the internal mass relative to body
M will be denoted by s and v = ṡ respectively. The equations of motion of the internal



Modeling of a vibration-driven robot motion in a viscous fluid

mass and of body M in a fixed system of coordinates have the form

m(u̇ + v̇) = −F, Mu̇ = F −R

where F is the force of interaction of the internal mass and body M , and R is the resistance
of the fluid to the motion of the body. The fluid flow around the body is governed by the
full system of Navier-Stokes equations.

The numerical model of the vibration-driven robot motion was constructed in OpenFOAM
(CFD) software package. To realize a dynamic of two mass system some parts of source
code was reconstructed. Most modifications was made in boundary conditions and in
function objects. Using this model a large series of computations for the case of high
frequency harmonic oscillations of internal mass and asymmetrical forms of a main body
was carried out. Flow regimes around a vibration-driven robot and their influence on the
effectiveness of the motion were studied.
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