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Acoustic holography for an engine radiation noise using equivalent sources
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ABSTRACT

This study presents the reconstruction of sound field radiated from an automotive engine using equivalent .
sources. Basic concept of the method presented is to replace the engine noise source with elementary sources of
multipoles, e.g., monopoles and dipoles. The so-called Helmholtz equation least-squares (HELS) method can
reconstruct the sound radiation fields from spherical geometries in a series expansion of spherical Hankel functions
and spherical harmonics. In this paper, multi-point, multipole equivalent sources are employed to reconstruct the
sound field radiated from an automotive engine with a fixed rotation speed. To ensure and improve the accuracy
of reconstruction, the spatial filters of multipole coefficients and wave-vectors are adopted for suppressing the
adverse effect of high-order multipoles. Optimal filter shapes are designed with regularization parameters

minimizing the generalized cross validation (GCV) function between actual and reproduced model.

After

regeneration of field pressures using the proposed method as many as necessary, the vibro-acoustic field of an
engine could be reconstructed by using the BEM-based near-field acoustic holography (NAH) technique in a

cost-effective manner.
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Fig. 1. Photo and simplified BE model of the target
engine with the dimension of 723(L)*x625(W)x693(D) mm,
329 nodes and 654 linear triangular elements.

Fig. 2. Spatial distribution of field points: (a) 1440
regeneration field points and (b) 150 actual measurement
points selected by Efl method.

Fig. 3. Spatial distribution of equivalent sources inside
the engine: (a) 500 initial candidate points, (b) 100
equivalent sources selected by the Efl method.
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Fig. 4. Efl values of equivalent sources placed inside the
engine with respect to 150 measurement points,
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Fig. 5. Comparison of the regeneration error of field
pressures varying the frequency.
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Fig. 6. Regeneration error of field pressures at 150 Hz

with increasing the number of equivalent sources.
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Fig. 7. Comparison of the measured and regenerated field
pressure spectrum using 100 equivalent sources.
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Fig. 8 Comparison of the measured and regenerated field
pressures on the halogram plane. (a) 150 Hz (C3), (b)
300 Hz (C6), (c) 450 Hz (C9).
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Fig. 9. Reconstructed surface velocity distribution at 150
Hz by combining the BEM-based NAH with (a) 1440
measured pressures and (b) 1440 regenerated pressures.
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Fig. 10. Relative reconstruction error of surface velocities
on the engine varying the frequency.
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Fig. 11. Distribution of the predicted active intensities on
the sphere of 1m radius by using the BEM at 150 Hz.
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