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Abstract  Membrane-type electromagnetic acoustic sources have the advantages of large volume
displacement, controllable ultra-low frequency acoustic field and good adaptability, so they have broad application
prospect in the field of minesweeping acoustic source. Radiation membrane is the core vibration component of an
acoustic source. It is of great significance to study the vibration characteristics of radiation membrane for the design
and application of electromagnetic acoustic sources. In this paper, an analytical method for the vibration
characteristics of an electromagnetic acoustic source with membrane structure is studied. Firstly, the analytical model
of the free vibration of the circular membrane of the electromagnetic acoustic source in vacuum is established.
Secondly, the natural frequencies and modes of free vibration of the circular membrane in vacuum are obtained using
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the method of separation of variables. The correctness of theoretical solution is verified by comparing the calculated
natural frequencies with the data in the references as well as finite element simulation. Then, the influence of
different boundary conditions and the change of the radius of the circular membrane on the vibration characteristics
of the membrane in vacuum is analyzed. Finally, considering the influence of viscous liquid loads and internal filling
pressure, the amplitude-frequency characteristics and volume-displacement of the low frequency forced vibration of
the circular membrane with different sizes in actual working conditions of the electromagnetic acoustic source are
obtained. The method presented in this paper can accurately reflect the vibration characteristics and acoustic
radiation capacity of the electromagnetic acoustic source under actual working conditions, and can provide an

important reference for the design and structural optimization of high-power electromagnetic acoustic source.
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Fig. 2 Vibration of tension membrane

skhr RO B i A R TR
%zﬂd%zﬂM@ (3)
TEANFBERT , RAEIEAES, skhi ot
) 2R TR RS Ry

ou : ou ?
Sﬁ”\/”[&j +(5] dxdy (4)

FERBIR L R, SR B A RE
£

&

T ouY (ou ’
Up=T.ASzEH[(aJ +(5” dy  (5)

TERBIA L R, KB A B RE N

P uY
n23“(5j“® (6)
ARG ey e L T 75
o5, (10, =0 (7)
il K N S A RS DR )
Tu_p @2 (8)
ot o’ ot

K, a=\T/p JIEHLIE
2.2 EEEEERKREDREEST

LB 7 R 0 B 5 DL R A R T, 5 R 3R
R, AT 2 AR, S AT i LSS i
HEAEANE b, N R . Bk R B T RO IRIER
AR 1) o Bk R 0% TR A L 3 7%



%24 MR, &

K Ty FARNKIRNE 45 My b Ak 5 R AR Bh 45 1A AR R 149 -

3 BEEREEME R X FRIRE
Fig. 3 Transverse symmetric vibration of a
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Fig. 4 Force analysis of a circular membrane during
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