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Fig. 7. Diagram of sound field reconstruction.
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Fig. 8. Errors of sound field reconstruction (d = 0.5)).
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Fig. 9. Curves of pressure error with different test distances:
(a) 500 Hz; (b) 1000 Hz; (¢) 1500 Hz.
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Fig. 10. Pressure profiles with different test distances at 500 Hz: (a) 0.1A; (b) 0.5X; (¢) 1A.
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Fig. 11. Pressure profiles with different test distances at 1000 Hz: (a) 0.1X; (b) 0.5X; (¢) 1.
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Fig. 12. Pressure profiles with different test distances at 1500 Hz: (a) 0.1A; (b) 0.5X; (¢) 1A.
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Fig. 14. Experimental facilities: (a) Rectangular steel plate; (b) microphones array.

80 80

Vol. 70, No. 13 (2021) 134301
ferd |
T
o -
HH ¢
i
o (o —

(x| ( somrsEn )

E 13 Sy E s B E

Fig. 13. Diagram of measurement.
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Fig. 15. Reconstruction error with different test distances: (a) 100 Hz; (b) 200 Hz; (c) 400 Hz.
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B 16 A[E DRI B RS2 s B R (100 Hz)  (a) FLIE{H; (b) ESM (0.14 m); (c) ESM (0.29 m); (d) ESM (0.54 m); (e) ERSM
(0.14 m); (f) ERSM (0.29 m); (g) ERSM (0.54 m); (h) IWESM (0.14 m); (i) IWESM (0.29 m); (j) IWESM (0.54 m); (k) IWERSM

(0.14 m); (1) TWERSM (0.29 m); (m) IWERSM (0.54 m)

Fig. 16. Experimental acoustic pressure reconstruction at 100 Hz: (a) Theoretical; (b) ESM (0.14 m); (¢) ESM (0.29 m); (d) ESM
(0.54 m); (¢) ERSM (0.14 m); (f) ERSM (0.29 m); (g) ERSM (0.54 m); (h) IWESM (0.14 m); (i) IWESM (0.29 m); (j) IWESM
(0.54 m); (k) IWERSM (0.14 m); (1) IWERSM (0.29 m); (m) IWERSM (0.54 m).
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B 17 R[E DRI B A S2 6 5 R (200 Hz)  (a) FLIE{H; (b) ESM (0.14 m); (c) ESM (0.29 m); (d) ESM (0.54 m); (e) ERSM
(0.14 m); (f) ERSM (0.29 m); (g) ERSM (0.54 m); (h) IWESM (0.14 m); (i) IWESM (0.29 m); (j) IWESM (0.54 m); (k) IWERSM

(0.14 m); (1) TWERSM (0.29 m); (m) IWERSM (0.54 m)

Fig. 17. Experimental acoustic pressure reconstruction at 200 Hz: (a) Theoretical; (b) ESM (0.14 m); (¢) ESM (0.29 m); (d) ESM
(0.54 m); (¢) ERSM (0.14 m); (f) ERSM (0.29 m); (g) ERSM (0.54 m); (h) IWESM (0.14 m); (i) IWESM (0.29 m); (j) IWESM
(0.54 m); (k) IWERSM (0.14 m); (1) IWERSM (0.29 m); (m) IWERSM (0.54 m).
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B 18 RIE IR I B A S2 06 5 R (400 Hz)  (a) FLIE{H; (b) ESM (0.14 m); (c) ESM (0.29 m); (d) ESM (0.54 m); (e) ERSM
(0.14 m); (f) ERSM (0.29 m); (g) ERSM (0.54 m); (h) IWESM (0.14 m); (i) IWESM (0.29 m); (j) IWESM (0.54 m); (k) IWERSM
(0.14 m); (1) IWERSM (0.29 m); (m) IWERSM (0.54 m)

Fig. 18. Experimental acoustic pressure reconstruction at 400 Hz: (a) Theoretical; (b) ESM (0.14 m); (¢) ESM (0.29 m); (d) ESM
(0.54 m); () ERSM (0.14 m); (f) ERSM (0.29 m); (g) ERSM (0.54 m); (h) IWESM (0.14 m); (i) IWESM (0.29 m); (j) IWESM
(0.54 m); (k) IWERSM (0.14 m); (1) IWERSM (0.29 m); (m) IWERSM (0.54 m).
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Abstract

In order to improve the sound field reconstruction accuracy of distributed structural source, a new near-
field acoustic holography is established based on the element radiation superposition method (ERSM). In the
proposed method, the surface of structural source is divided into several regular pistons. The sound field of
structural source is considered as the superposition of sound field of pistons. Firstly, we compare the sound field
calculated by ERSM with that by Rayleigh's integral. It is proved that ERSM is quite accurate in sound field
prediction. Based on ERSM, a vibration acoustic transfer (VAT) function is derived. The VAT function has
computable analytical expression and embodies the transfer relationship between the structural source surface
and the radiated sound field. The VAT function can precisely characterize the acoustic propagation of
continuous distributed coherent sources. Subsequently, we employ the VAT function to replace the Green's
function, and apply the VAT function to sound field reconstruction. Different with the equivalent source
method (ESM) which is widely used in sound field reconstruction, ERSM directly divides the piston-sources on
the surface of structural source rather than constructing the equivalent point-sources on a plane behind the
structural source. Furthermore, we introduce a weight matrix into ERSM and iteratively calculate the vibration
velocity for a more accurate result, and we call the proposed method as iterative weighted ERSM (IWERSM).
In this paper, the simulations and experiment of sound field reconstruction of a rectangular plate are performed.
In the proposed method, the rectangular plate is divided into several rectangular pistons. The reconstruction
results of ERSM and IWERSM are compared with that of ESM and iterative weighted ESM (IWESM)
respectively. The reconstruction accuracies at different distances between the plate and array (test distances)
are analyzed. The simulation results show the accuracy of ERSM and IWERSM are better than that of ESM
and IWESM respectively. With the increase of test distance, the phenomenon is more obvious, and IWERSM
even shows a good reconstruction accuracy while the test distance is more than half a wavelength. The
experiment results also validate that ERSM and IWERSM have better reconstruction accuracy than ESM and
IWESM respectively at the same test distance. In a word, the simulations and experiments demonstrate that
the proposed method can improve the sound field reconstruction accuracy of regular structural source and

expand the valid test distance of near-field acoustic holography.

Keywords: distributed structural source, element radiation superposition method, near-field acoustic

holography, sound field reconstruction
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