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Introduction
An important source for interior sound problems in ve-
hicles is structure-borne sound caused by the vibra-
tions of the engine. A research project in coopera-
tion with TNO deals with a combination of active and
passive isolation of engines. This poster focusses on
the modelling of passive isolation of the engine with
rubber mounts. The mounts prevent transmission of
high frequency engine vibrations which cause the in-
terior noise in the vehicle. To judge the isolating prop-
erties of rubber mounts, a realistic model must be
composed to analyse the dynamic behaviour over a
broad frequency range which is characteristic for in-
terior noise.

Method and Results
Rubber has typical properties: it can undergo large
elastic deformations; the load-extension relation is
nonlinear; it is nearly incompressible and viscoelas-
tic. The analysis is performed with the finite element
package Abaqus and is split in two parts. First a non-
linear static calculation is made to determine the rel-
atively large pre-deformation of the mount due to the
weight of the engine, see Figure 1.

Figure 1 : Static pre-deformation uz in axial direction.

-

Secondly, a linear harmonic dynamic analysis is
performed and superimposed on the pre-deformed
mount. It is hereby assumed that the vibration ampli-
tudes of the engine are sufficiently small to consider
the kinematic and material response as linear pertur-
bations about the pre-deformed state.
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Figure 2 : Definition of blocked dynamic stiffness.

The dynamic behaviour of the mount is characterised
by a blocked dynamic transfer stiffness matrix with
three translational and three rotational directions. In
the axial direction for example the dynamic stiffness
is defined as k12 = f2/u1 (see figure 2). The mag-
nitude and the phase of the axial dynamic transfer
stiffness are plotted in Figure 3 and 4 for different pre-
deformations.

0 200 400 600 800 1000
0

0.5

1

1.5

2

2.5

3
x 10

6

PSfrag replacements

f1

u1

u2 = 0

f2

Frequency [Hz]
|k

1
2
|

[N
/m

]

uz = 0

uz = 3 mm
uz = 6 mm
uz = 9 mm

Figure 3 : Magnitude of dynamic transfer stiffness in ax-
ial direction.
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Figure 4 : Phase of dynamic transfer stiffness in axial
direction.

Conclusions

The static preload and dynamic behaviour of the
mount significantly influences the dynamic stiffness
and consequently the isolating properties and trans-
mission of structure-borne sound. At some frequen-
cies the dynamic stiffness strongly increases, result-
ing in decreasing isolation in axial direction.
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