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Jacobi-Ritz time domain semi-analytic method and characteristic
analysis of cylindrical shell vibro-acoustic radiation

PANG Fuzhen, ZHENG Jigjun, GAO Cong, LI Haichao, ZHANG Ming
(College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract; Considering the deficiency in the research on transient vibro-acoustic characteristics of cylindrical shell structures, a Jacobi-Ritz
semi-analytic method for forced vibration sound radiation of cylindrical shells in time domain was proposed by combining Newmark-8 integral method
and Kirchhoff boundary element integral equation in time domain. Based on the theory of first-order shear deformation and the idea of element
method, a calculation and analysis model of vibration acoustic radiation of cylindrical shell was established. Jacobi polynomial and Fourier series
were used to represent the allowable functions of axial and circumferential displacement. The time domain response of forced vibration of cylindrical
shell was calculated on the basis of the Rayleigh-Ritz method and Newmark-8 integral method. Based on Kirchhoff integral equation, the time
domain response of radiated noise was solved, and the acoustic radiation characteristics of forced vibration of cylindrical shell were analyzed.
Compared with finite element method/boundary element method numerical results, the proposed method has the characteristics of good convergence
and high precision. The peak value of acoustic response of cylindrical structures shifts to the left with the weakening of the boundary condition
stiffness, and the vibration acoustic response decreases with the increase of the thickness. When the peak frequency of random load is close to the
natural frequency of the structure, strong characteristic line spectrum appears in the acoustic response of the structure.
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Fig. 1 Calculation model of cylindrical shell
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(b) Frequency domain response of acoustic radiation
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Fig.9 Vibro-acoustic characteristic curves under

different thicknesses
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(a) Frequency domain response of vibration acceleration
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(b) Frequency domain response of acoustic radiation
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Fig. 10 Vibro-acoustic characteristic curves under

different excitation loads
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(a) Acoustic radiation directivity patterns in

time domain at 0.1 s
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(b) Acoustic radiation directivity patterns in

time domain at 0. 15 s
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(¢) Acoustic radiation directivity patterns in

frequency domain at 50 Hz
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(d) Acoustic radiation directivity patterns in

frequency domain at 82 Hz
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Fig. 11  Acoustic radiation directivity patterns with
different circumferential distance
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(a) Time domain curve of random excitation load
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Fig. 12 Amplitude curve of random excitation load
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Fig. 13 Vibro-acoustic characteristic curves of

random excitation load
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