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Introduction 
Measuring the airborne sound intensity (SI) is a well known 

and widely used method for the analysis of sound sources. 

By measuring sound intensities one can identify and locate 

sound sources and then compute the radiated acoustic power. 

In the case of real machine structures, the SI indicates the 

location of sound radiation but does not provide any 

information about the paths of energy flow within the 

structure itself. Therefore, the structure-borne sound 

intensity (SSI) is used to analyze energy flows and to 

evaluate the effects of structural modifications on the vibro-

acoustic behavior. 

Figure 1: Airborne sound intensity and structure-borne 
sound intensity. 

Structure-borne sound intensity – the 
basics 
The vector of the airborne sound intensity I describes the 

energy flow per time unit through a unit of area. It is defined 

by 

vI ⋅= p [N/ms]  (1)

as the product of the scalar sound pressure p and the vector 

of the sound particle velocity v. 

With focus on structure-borne sound the vector of the 

structure-borne sound intensity I is defined analogically by 

vSI ⋅−= [N/ms]  (2)

as the product of the stress tensor S and the velocity vector v
with 
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While the instantaneous SSI is time dependent 

( ) ( ) ( )ttt vSI ⋅−= , (4)

the steady state net energy flow (active intensity Ia) is given 

by the real part of the cross power spectrum 
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where * denotes the complex conjugate and “Re” the real 

part (“Im” denotes the imaginary part). The reactive 

intensity Ir, however, is defined as 
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r fff vSI ⋅−= Im
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1
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It denotes the energy flow that merely circulates between 

kinetic and potential energy and is related to the mode. 

Figure 2 shows the active SSI, the reactive SSI, and the 

mode shape of the 1-2 mode of a simply supported thin 

plate. 

Figure 2: Active SSI (left), reactive SSI (center), and mode 
shape (right) of the 1-2 mode of a plate. 

Another formulation of the SSI of thin plates and shells is 

given by GAVRI  and PAVI [1]. In these structures the z
component of the SSI Iz in the shell coordinate system is 

equal to zero, i.e., energy flow in shells and thin plates is 

limited to the surface. So the x and y components of the 

active SSI integrated over the shell thickness h can be 

defined as products of internal forces Nx, Ny, Nxy, Qx, Qy, 

internal moments Mx, My, Mxy, and displacements ux, uy, uz, 

x, y (Figure 3 shows the corresponding orientations): 
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Figure 3: Orientation of internal forces, moments and 
displacements of a shell element. 

By use of the equations given above, it is possible to 

compute the SSI by means of FEM programs for any 

structure and visualize the paths of energy flow from the 

source to the sink (e.g. dissipation by damping or radiation 

of airborne sound). As the active energy flow is of major 

interest, all formulations of intensities will denote the active
intensity in the following. 

The SSI can be visualized in different ways. On the one hand 

the vector plot as seen in Figure 2 shows the energy flow 

(magnitude and direction) from the source to the sink. On 

the other hand the contour plot of the vector norm clearly 

indicates the density of energy flow on cost of the 

information about the direction. Both plots can be helpful 

tools for structure analysis (as seen in Figure 4).

Figure 4: Vector plots (left) and contour plots (right) of the 
SSI. 

Analysis of energy flow in simply supported plates lead to 

an important conclusion. There is no single flow pattern for 

a given structure. Energy flow rather varies with frequency 

and forms different patterns especially for the natural 

frequencies. Accordingly, structural modifications designed 

for a given frequency do not affect energy flow for every 

single mode (as intended) per se. Figure 5 shows some flow 

patterns of the simply supported plate. Apparently, the 

energy flows not only more or less straight through the 

structure. In fact, it forms characteristic vortex patterns for 

some of the modes. TANAKA et al. [2, 3] analyze the origin 

and the possibilities of active creation of vortex patterns of 

energy flow in plates. 

Figure 5: SSI patterns of selected modes of a thin plate. 

Measuring structure-borne sound 
intensity 
All possible methods for measuring the SSI are facing one 

major problem. The SSI is computed from inner stresses and 

velocities that cannot be measured. Therefore, several 

measuring methods have been developed for thin structures 

like shells and plates that approximate the inner variables on 

basis of measured outer variables (accelerations or strains) 

on the surface. 

PAVI [4] presents a simple method for measuring the SSI 

resulting from bending waves in plates in a steady state that 

computes an intensity vector from four measured 

acceleration signals. This method is based on simplifications 

presented by NOISEAUX [5]. The x component of the SSI 

vector is defined as 
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where d is the sensor distance, h is the plate thickness,  is 

the density, and B the flexural stiffness of the plate with 

( )2

3

112 μ−
= Eh

B [kg/m2]  (9)

and the Poisson ratio . 

According to equation (8) it is necessary to measure 

acceleration signals at locations “1” and “2” in order to 

compute the x component of the SSI vector at location “0” 

(see Figure 6). The y component is computed analogically. 

Figure 6: Sensor pattern for measuring the SSI. 
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A comparison of the SSI for selected modes computed from 

FE simulations and measured data is given by Figure 7. 

Figure 7: Measured data (left) vs. simulation data (right). 

Analysis of structural modifications 
In this section the effects of structural modifications like 

beads, dashpots, and ribs on the energy flow will be 

presented. 

Plate with dashpot

If a dashpot is applied to a plate without material damping, 

the energy sink decreases to a discrete location. Hence the 

SSI pattern will show an energy flow that will lead from the 

location of the excitation to the location of the dashpot. As 

seen in Figure 8 the energy flow does not lead straight from 

the source (F) to the sink (D). It rather follows the paths 

determined by the structure with material damping for a 

given frequency. A realistic combination of material 

damping and an additional dashpot will lead to a pattern 

varying between the two cases depending on the ratio of the 

dashpot and the material damping. Thus it is obvious to draw 

two conclusions concerning the effects of dashpots. Firstly, 

it is possible to redirect energy flow close to the location of 

the dashpot. A global redirection could be possible with an 

array of several dashpots. Secondly, the effect of the dashpot 

increases with the density of the energy flow at the location 

where it is applied. 

Figure 8: Plate with material damping (left) vs. plate with 
dashpot (right). 

Plate with a bead

A bead applied across a plate can disable energy flow from 

one half of the plate to the other depending on the frequency 

and the geometric parameters of the bead. Figure 9 shows 

the SSI vector plots and the velocity contour plots for the 

fundamental frequency of a plate and a plate with a bead. 

The bead reduces the energy flow from the location of the 

excitation on the right part of the plate to the left part. As a 

result the vibration of the left part is reduced analogically as 

can be seen from the velocity plot. The effect on the energy 

flow and the vibration itself depends on the relation of the 

wavelength  and the geometric parameters of the bead. 

Compared to the effects of a dashpot on the energy flow a 

bead enables a more extensive influence on the flow pattern. 

Figure 9: Plate without bead (left) vs. plate with bead 
(right): FE model (top), SSI vector plot (center), velocity 
contour plot (bottom). 

Ribbed plate

The effect of a rib applied across a plate is similar to the 

effect of a bead. With a rib it is possible to reduce the energy 

flow from one part of the plate to the other depending on the 

frequency / wavelength and the geometric parameters. 

Figure 10 shows SSI and velocity plots for a 6-1 mode in the 

first part of the plate. As can be seen from the plots the 

energy flow is mainly limited to the first part and the rib. 

The energy flow to the second part is suppressed, and the 

vibrations of the second part are reduced analogically. 
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Figure 10: Ribbed plate: FE model (top left), velocity 
contour plot (top right), SSI vector plot (bottom left), SSI 
contour plot (bottom right). 

Conclusions 
Structural modifications like ribs, beads and dashpots affect 

the pattern of energy flow through a structure. While a 

dashpot has a locally limited influence ribs and beads have a 

long range effect on the energy flow depending on 

frequencies / wavelengths and the geometric parameters. 

Thus, a combination of the presented modifications enables 

an intervention in the paths of the energy flow. Accordingly, 

a redirection of the energy flow for a given (and disturbing) 

frequency into less critical parts of the structure (e.g. out of 

the passenger compartment of a vehicle) could be possible. 

Such an approach may be even more successful if a global 

reduction of vibrations reaches physical or practical 

limitations. Even a concentrated redirection into structure 

parts with high damping ratios in order to eliminate 

vibrational energy is imaginable. Hence, a target function 

based on energy flow integrated over a part of the structure 

for optimizations (e.g. by use of the methods of the design of 

experiments) could be a useful means to design technical 

structures. 
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