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Abstract: [Obj ective] Train wheel is a significant noise source in the rolling noise, and predicting its vibroacou-
stic behavior involves calculating the large scale acoustic problems. To improve the computational efficiency of
wheel sound radiation, this paper introduces the Boundary Element Method with Adaptive Order (BEMAO).
[Method] The sound radiation of the wheel in free space was studied by using the combination of the finite ele-
ment method and the boundary element method. The BEMAO was used to calculate the sound power radiated by
the wheel, the sound pressure at standard measurement point, and the directivity of the wheel acoustic radiation.
Comparison was then made with the corresponding results obtained by the conventional boundary element meth-
od (CBEM) and the fast multipole boundary element method (FMBEM) as well as the computational time. [ Re-
sult] The sound radiation obtained by three different boundary element methods are basically consistent, but the
BEMAQO is about 36 times faster than the CBEM, and 11 times than the FMBEM. [ Conclusion] The calculation
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efficiency of the BEMAO is obviously higher than that of other boundary element methods, and remarkable ad-

vantages and good applicability are shown in studying the sound radiation from the wheel at high frequency. The

outcomes of this paper can provide reference for calculations of large scale acoustic problems.

Key words: sound radiation of the wheel; large scale acoustic calculations; boundary element method with adap-

tive order; calculation efficiency
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Fig. 1 Cross-section of the wheel
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Fig. 2 Finite element model of the wheel
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Tab.1 Parameters of the wheel material

Part of Density  Elastic modulus Poisson's ratio
the wheel ~ /(kg /m’) /MPa
Axle 53953 2.1x10° 0.3

Other parts 7 850 2.1x10° 0.3
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Fig. 3 Velocity mobility at the wheel-rail contact point
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Fig. 6 Sketch of the field points for the receivers at a
radial distance of 6.79 m
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Fig. 7 Sound power level of the wheel
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Fig. 9 Directivity of the wheel acoustic radiation
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