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ANALYSIS OF WAVE EFFECTS IN COMPLEX
VIBRATION ISOLATION SYSTEMS

The problem of transmitting vibrations with audible frequencies by steel springs,
constituting the vibration isolation system was considered in this paper. The analytical
relationships allowing determining the value of the transmissibility for the springs
resonance frequencies responsible for the transmissibility of high frequency vib-
rations have been derived and checked by means of FEM method.

Also the occurrence of the increasing stresses in the springs in the areas between
the resonances has been shown. The typical system, i.e. the serial system with rubber
cushion, has been analyzed, reducing the transmission of high frequency vibrations by
the spring. It has been shown that the transmission is reduced not as a result of
differences in the wave impedance of the boundary of both media but due to the
increased dispersion of energy in the rubber, and the analytical relationships allowing
the evaluation of the effectiveness of this method have been derived.

1. Introduction

The vibration isolation systems with the application of the helical
steel springs, in addition to a number of advantages, suffer from a di-
sadvantage consisting in the intensive transmission, within the over-
resonance range, of the vibrations with frequencies corresponding to
the spring natural frequencies [1].

This phenomenon particularly occurs with regard to longitudinal vib-
rations, or more precisely, rotary-longitudinal ones. For typical springs, with
small screw line ascending angles, the factor that couples longitudinal and
rotary vibrations can be disregarded [2], which makes it possible to consider
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further the longitudinal vibrations of the spring as the vibrations of a bar with
adequately selected spring and inertia constants.

The near-resonance increase of vibrations of this type causes both the
transmission of intense reactions to the structure protected by the spring, as
well as large internal stresses in the spring.

However, whereas the range within which the vibration-isolation proper-
ties of such systems deteriorate is narrow and concentrates round springs
natural frequencies, the range within which the essential additional loads in
the spring coils occur is relatively wide [6], filling in the area between the
springs natural frequencies.

The basic protection against structure-borne sound in steel springs is their
serial association with rubber elements, or applying the additional rubber
coating on the springs, so that the springs near-resonance vibrations energy is
dissipated owing to the contact friction or material damping in rubber.

The reasonable selection of these protection vehicles requires the
possibility of the evaluation of their effectiveness. The methods in use [1], [7],
based upon the analysis of the reflection of wave on the boundary of the media
with different wave impedances do not emulate the essence of the
phenomenon, thereby leading to erroneous results.

The objective of this paper is the formulation of a new analysis of impact
of the rubber washer on the processes of transmission of high frequency
vibrations, based upon the balance of energy.

With regard to the washer-free springs, for which the literature [3], [8]
provides the evaluation of the transmissibility coefficient based upon the linear
reology model, the analysis has been performed based upon the material-
structural suppression, as this kind of suppression is closer to the vibration-
isolation systems nature. The paper also performs the analysis of the influence of
the springs stop plates on the course of the phenomenon and shows the existence
of the optimal value of a clamp in systems containing a rubber sleeve.

2. The vibration isolation system with the application
of the helical springs

Figure 1 shows the vibration isolation unit diagram together with the
corresponding model of a bar with continuous distribution of mass and
adequately selected constants pA i EA.

The system has been analyzed, in a number of works, such as [1], [3], [8],
where one derived the course of the transmissibility coefficient p, understood
as the relation of the amplitude of the force transmitted onto the base to the
amplitude of the forcing force P in the frequency function.


































































