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Introduction 
The radiation from and the sound insulation of double plates 
are determined by the interaction of both plates. In most of 
the cases the elastic interlayer (assumed to be homogenously 
distributed in space) transfers the motion of the excited panel 
to the second panel which then radiates to the surrounding. 
A change of the vibration pattern does not occur. This 
picture changes, when considering an interlayer with a 
stiffness, which varies along the faces of the panels. Due to 
such an interlayer a cross coupling of modes on both panels 
can occur which might lead to a reduced sound radiation 
from the sending panel. In the following, two plates are 
considered which an elastic interlayer, which stiffness varies 
at regular intervals between two values, separates (see also 
Figure 1).  

 

Figure 1: Example of a double plate with spatially varying 
stiffness of the interlayer 

 
A theoretical model for discontinuously coupled plates has 
been developed. In this model the wave propagation is 
considered only in one dimension, i.e. it is a model of 
discontinuously coupled plate strips. The model has been 
successfully validated by measurements. On basis of the 
theoretical model the vibration behaviour and the radiation 
efficiency of different structures can be examined. A 
parameter study explains the influence of interlayer stiffness 
and material data on the radiation efficiency. The model is 
finally used to dimension an application example for an 
experimental demonstration of the main effects of a spatially 
varying interlayer stiffness. 

The model 
In the following the wave propagation is considered only in 
one dimension, i.e. on a plate strip. The strip is mounted in 
an infinite and rigid baffle. (see Figure 2) 

 

Figure 2: A plate strip with spatially varying stiffness of 
the interlayer, mounted in an infinite  and rigid baffle 

 
A modal approach is used describing each off the panels by 
a set of modes. The boundaries are chosen to be simply 
supported which simplify mathematics, but which does not 
limit the generality of the discussions based on the model. 
The displacements are given as a summation of modes as 
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modes shapes of the individual panels. Equation (2) is used 
to solve the equation of motion, based on simple Euler-
Bernoulli theory, when a force is acting on panel 1 (see 
equation (2)). However due to the dependency of the 
stiffness !!s on the space coordinate x it is not possible to 
separate as shown in equation (2).  
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This means that a whole set of equation has to be solved 
simultaneously. The size of the equation system is 
determined by the number M and N of modes taken into 
account for each panels. The model has been implemented 
and validated by experimental means. In addition a model 
based on a Rayleigh Integral has been implemented for 
prediction of the sound radiated from the second panel. 
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Results of the parameter study 
From the parameter study it can be concluded that the 
vibration behaviour of a coupled structure of two equal 
plates is characterized by in–phase eigenfrequencies and 
anti–phase eigenfrequencies. The in–phase eigenfrequencies 
are the same as the eigenfrequencies of the uncoupled plate 
strips and their appearance can not be influenced by the 
coupling, neither by its stiffness nor by its local stiffness 
distribution. From that follows, that the vibration pattern of 
the plates cannot be modified substantially by a 
discontinuous coupling compared to the vibration pattern in 
the case of a continuous coupling. Consequently, a 
discontinuous coupling does not lead to a decrease of the 
radiation efficiency of two coupled equal plates.  

In case of a coupling of two unequal plates, the vibration 
behaviour of the coupled structure is determined by the 
vibration behaviour of the stiffer plate. This cannot be 
changed by a discontinuous coupling. However, in the case 
of a continuous coupling the interlayer transmits the 
vibration of the stiffer plate strip homogeneously to the 
softer plate and the softer plate is forced to vibrate with the 
shape of the stiffer plate. In the case of a discontinuously 
coupling the stiffness pattern of the interlayer transmits the 
vibration of the stiffer plate inhomogeneously due to the 
different stiffness of its elements. The stiffness pattern of the 
discontinuous interlayer supports the appearance of a 
specific eigenfunction of the soft plate (see Figure 3, upper 
part).  

 

Figure 3: Radiation efficiency for a soft plate coupled to a 
stiff plate as shown in the upper part of the picture. 

 
This eigenfunction is characterized by a wavelength, whose 
half length corresponds to the length of the interlayer 
elements. The essential condition for a successful reduction 
of the radiation efficiency is the support of an eigenfunction 
of the soft plate, whose eigenfrequency appears below and 
even better far below the critical frequency of this 
eigenfunction. On that condition, the discontinuous coupling 
can lead to a considerable reduction of the radiation 
efficiency of the coupled structure. A reduction above the 
critical frequency of the soft plate cannot be realized. 

Demonstration and conclusion 
The model was used to design a double plate with reduced 
radiation efficiency. The result has already been shown in 
Figure 1. A 0.8 mm steel plate was connected by cubes of 
foam to a so-called heavy layer. The created pattern of the 
stiffness corresponds to a critical frequency around 4250 Hz. 
The lower fundamental resonance frequency for the coupling 
by air is 220 Hz (based on the formula for a mass-spring-
mass system). The stiffer interlayer (foam) give a resonance 
frequency around 630 Hz. The double plate was mounted 
into a steel frame situated between two rooms. A force was 
applied to the steel frame by means of a shaker. The 
radiation efficiency was measured by measuring the 
averaged velocity on the steel plate and the radiated sound 
power coming form the heavy layer (see Figure 4, upper 
picture). In addition the sound insulation for the panel has 
been measured. 

 

       

Figure 4: Radiation efficiency (upper picture) and air-
borne sound insulation (lower picture) for the for the 
demonstration object. Continuous layer means that the 
complete area is separated by foam 

 
From the results one can conclude that the idea of reducing 
radiation efficiency by applying a spatially varying 
interlayer stiffness can be realised in practise. However, the 
frequency range is limited to frequencies above the actual 
resonance frequency for the softer section (which is always 
higher then given by the simple mass-spring-mass 
formulation). The upper limit is given by the fact that the 
softer interlayer (in this case air) does not reveal spring 
characteristics anymore. The discontinuous layer does also 
lead to a fortunate behaviour with respect to air-borne sound 
insulation. Although there are stiffer coupling elements 
(foams) the fundamental resonance is only determined by the 
spring stiffness of the softer sections. 
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