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ABSTRACT

1 Introduction
In many technical areas shift valves are used to control fluid flow. One important aspect
for some areas of shift valves is media separation, meaning that there is no contact between
the environment and the fluid inside the valve. This is important, e.g. in cases where the
purity demands for the media are extreme or the fluid is harmful. Usually this is achieved by
using deformable membranes which either block or enable the flow. The disadvantage with
membrane valves is that they keep the deformed state only if energy is supplied to the system
which makes them less attractive if this position must be maintained for long times. A new
concept is presented in the following based on impulse actuation including the simulation of
impulse transmission into the valve.

2 The Concept of an Impulse Actuated Shift Valve
The concept of a shift valve with separated media is based on a body inside the valve which
can be in two distinct positions. One allowing fluid flow and one blocking the fluid flow as
depicted in Figure 1. It is the basic idea to transmit energy by an impulse wave or deformation
from actuators ("open" and "close") into the valve chamber to the sphere which will switch its
position.

Figure 1: Concept of the shift valve Figure 2: Test-bed for experimental verification

This concept is promising for applications where media separation is relevant and the peri-
ods in the same state are relatively long. It has already shown as a prove of concept prototype
that it can work nicely, see Figure 2. The following part will give a short description about the
modelling of the impact.



3 Modelling the Impact in an Elastic Multibody System
The most important part in the simulation of this system is the impact and the impulse
transmission through the casing of the valve. To achieve an understanding of the impact
behaviour and the parameters influencing it, a very flexible and fast model which also allows
optimisations and parameter studies must be created. Usually detailed analyses of impact are
done with finite element simulations but we use an elastic multibody system in order to reduce
the model complexity and simulation time. Finite element simulations are only used to validate
these simulations.

The model used for the simulations consists of two sphere-like bodies and a circular plate
being in contact. The outer body has the initial velocity v0. The simplification of the actuator
as a sphere with initial velocity is chosen in order to separate the impact process itself from
other effects that an actuator such as a piezo stack or a bending transducer has. The most
significant result of the simulation is the energy transmitted from the outer body to the inner
body defined as the efficiency which is defined as a kinetic energy ratio for the two spheres.

Therefore, the impact must be modelled in a detailed manner. However, a simplified model
which captures the most important effects is presented. This elastic multibody model will be
refined in several steps until the model is accurate enough. The simplest approach for modelling
impact in multibody systems is the use of the coefficient of restitution. However, this should be
the result of the simulation and not an input parameter. This means that the impact must be
simulated continuous and the simplest model that comes to mind is to put springs between the
bodies and model the elasticity of the clamped plate with one degree of freedom. The springs
are modelled as nonlinear springs with the Hertzian contact law. The plate is modelled using
elastic plate theory. This model can be seen as an approach to separate local elasticity effects
in the contact region from global elasticity effects of the whole body which is the plate here.
The spherical bodies on either side of the plate can be modelled as point masses.

The next refinement step is the integration of additional eigenmodes for the clamped plate.
This is realised in two steps. First the plate is modelled with linear axisymmetric finite elements
similar to [1], then the resulting linear system for the plate is transformed to modal coordinates
as explained in [2].

4 Experimental Validation
Experiments using two Laser-Doppler-Vibrometers are performed in order to validate the simu-
lations. The experiments show that plastic deformation is important and influences the impact
behaviour greatly. This means that the contact simulations also have to take plastic effects
and not just wave effects into account. The experiments are performed similar to [2] where the
coefficient of restitution of the impact of a sphere and a bar is investigated.
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