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1. INTRODUCTION

A programme of work is underway to develop a general
statistical Energy Analysis (SEA) program to predict aircraft
internal noise. As part of this work a general SEA program has
been developed applicable to beam structures and is reported in
re£(l).

The SEA program is based on impedance methods, as described by
K.Heron (2), which assumes that each element is rigidly connected
to its neighbour at the beam junction.

This assumption is not always true, for example where several
beams meet at a beam junction the cleating arrangement may favour a
particular load path, such that one of the beams is weakly coupled
to the joint. Using the general SEA method to model such a beam

.junction would not represent the true structure and give rise to
inaccurate predicted noise levels.

The objective of this work was to investigate the use of
finite element methods (Fan) to augment the SEA model and enable
complex beam junctions to be taken into account. It is argued that
the use of FE models is valid, in that the beam junction has a low
modal density within the frequency range of interest. (eg. 250 Hz
to 8000 Hz
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2. STATISTICAL ENERGY ANALYSIS

SEA is a technique for noise and vibration analysis in complex
systems. .Essentially the method analyses the vibrational energy
flow around the structure, in terms of the energy storage capacity
of its various sub—systems, their. internal dissipations and
system—to—system transfers. The calculations are normally
conducted in a number of separate frequency bands, over which the
mean response is calculated.

The term 'statistical' is used in the sense that the main aim
is to predict the mean response over a frequency band. If the
input vibrational power is known, the theory provides estimates of
the ’energy' in each sub—system, and. hence their vibrational
amplitudes.

The general theory is outlined in ref(l). and shows how a set
of transmission coefficients (TC's) can be obtained by considering
the power flow at a beam junction. Energy travels toward the beam
junction carried by a wave type, which then migrates into the other
beams connected to the junction, travelling in possible different
wave types. Some of the wave energy may also be reflected at the
beam junction, again travelling in possible different wave types.
The TC's are calculated by considering the ratio of the energy of
the incoming wave, to the energy in the outgoing wave types and by
conservation of energy the sum of the ratios must equal unity.

Essentially the Tc's describe how wave energy is transported
around the beam network, and represent the major calculation in the
SEA program.

3. FINITE ELEMENT IMPEDANCE DATA

The finite element model is constructed such that the beam
ends link into a rigid body element which defines the beam contact
area. The independent grid point of the rigid body is located at
the centroid of the beam cross-section.

A direct frequency response analysis was used to obtain the
beam junction impedance data.

The number of elements and mesh density was related to the
wave length of the travelling waves and was usually fixed by the
bending wave velocity. In practise the cost of running such models
was negligible, and the mesh density chosen usually was well within
the wave length tolerance. The error associated with mesh
refinement is discussed further in ref(3).

572 Proc.l.0.A. Vol 12 Pan 1 (1990)

 



  

Proceedings of the Institute of Acoustics

FINITE ELEMENT METHODS IN SEA APPLICATIONS

4. DISCUSSION AND RESULTS

Several models have been investigated, increasing incomplexity, from the simple case of two rectangular beams in-line,to the complete picture frame structure studied in ref(1).

4.1 Two Rectangular Beams In-line

As would be expected for two in—line rectangular beams theinput power is transferred to the second beam without any energyloss occurring at the beam junction. In other words there is no
reflected energy at the beam junction, and there is no interaction
between the wave types. The resulting TC matrix is shown intable(l) and it can be seen that the wave types migrate through the
beam junction perfectly. (ie. L1 = L2, etc.)

This result is predicted by the general SEA program given inref(l). The simplicity of this example provides a good test for
the FE/SBA method and enables the accuracy of this technique to be
assessed.

Arbitrary beam dimensions of 0.01 * 0.01m were chosen and thecorresponding FE model is shown in figure(1). Note that the beam
end locations on the PE model are connected to a rigid body which
connects the whole end face of the model.

It must be noted that simple beam theory assumes planesections remain plane. However, only the ends of the FE modelremain plane, where the beam ends are located, the central portion
of the _model is not constrained in this manner and is fully
elastic. Hence there is an incompatibility between the beam theory
employed by the SEA program and the fully elastic solution provided
by the FE method.

This incompatibility gives rise to small off diagonal terms in
the TC matrices which represent migrating travelling waves. From
tab1e(2) it can be seen that these terms are negligible in
comparison with the leading diagonal terms indicating the accuracy
of the method.

4.2 Two Rectangular Beams in—line and offset

Having shown that the method works for two in-line beams, an
added complexity is to offset the beams, such that a longitudinal
wave in beam 1, induces bending waves in beam 2., etc.

FigurelZ) shows the FE model used in the analysis and theposition of the two offset beams. The dimensions of the beam are
0.01 * 0.01m, with an offset of 0.01m, and an overlap length of
0.005m.
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The FE/SEA and SEA results for 250K: and BOOOH: are given in

table(3) for comparison. It can be seen that for 250Hz the TC

matrices are almost identical, and at 80008: the comparison yields

no significant differences.

4.3 Picture Frame structure.

The 'picture frame' was the first real structure analysed and

both measured and predicted results for a range of drive points,

are given in ref(l).

The 'picture frame' is a simple welded rectangular structure

made up from symmetric 'L’ shaped beams, 4.75mm thick by 50mm

external dimension, and measuring 1.22m by 1.524m overall.

Figure(3) shows a sketch of the complete structure.

The finite element model of the beam junction is shown in
£igure(4) and it will be observed that the SEA beam ends are

attached at the centriod of the beam cross—section via a rigid body
element.

The TC matrices derived using the general SEA program and the

modified FE/SEA program are presented in table(4). Again the

discrepancy at ZSOHz is minor, indicating that the junction is
behaving like a rigid body. At 8000“: the discrepancies between the

two methods are more pronounced, however the general levels remain

similar. Note that the FE/SEA method predicts all wave types will
interact to some degree.

Having obtained the modified Tc data for the picture frame.
junction it was a relatively simple task to predict the response of
the whole structure. The results of ref(l) are reproduced here,

and overlayed are the results obtained using the FE/SEA program.
See figure(5§, which shows typical measured and predicted results
for drive points 2 and 3. As expected, the use of a more detailed

model at the beam junction provides better estimates for the

structural response.

5. CONCLUSIONS

The general conclusion is that the technique works, and has

been successfully used to improve the general SEA method in the

case of the 'picture frame' structure.

The technique is generally applicable to beam junctions which

are complex, and cannot be considered to be rigid.

The method can be implemented with little effort and requires

a further sub-routine in the standard SEA program to manipulate the
FE mobility data.
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Figure [l] Hodel 07 - Two Beams In-line.
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