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Irregular frequency problem of vibroacoustic simulation
of a shaft—hull system
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Abstract: If the fluid-structure interaction problem in frequency domain is solved by boundary element
method, irregular frequencies will appear at the resonant frequencies of virtual interior fluid domain and ex-
hibit large fluctuation. In order to investigate the underwater acoustic radiation properties of a full-scale sub-
marine, a shaft—hull coupled system was established based on Suboff model. The FE/BE method was adopted
to calculate the vibroacoustic radiation of the system in low— and medium— frequency. The closed virtual im-
pedance surface (CVIS) method was respectively used and not used to study the influence of irregular fre-
quencies. It is shown that: (1) for slender submarine hull with complicated shape, irregular frequencies are
not only negligible, but even exhibit in continuous irregular bands; (2) enormous errors will occur if irregular
frequencies are not eliminated, and convergence zones in far field of deep ocean environment are also “con-
taminated”; (3) for submarine whose the main body is constructed as slender cylindrical shell, the 1 irregu-
lar frequency can be obtained according to the analytical expression of the irregular frequencies of slender cy-
lindrical shell, and the non—dimensional 1" irregular frequency is about ka=2.4.
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Fig.1 Finite element model of the shaft—hull coupled system
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Fig.2 Boundary element and CVIS element of the submarine model
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Fig.5 Influences of irregular frequencies on field SPL at typical directions when the system is enduring axial excitation forces
(Cvis: the irregular frequencies are eliminated; NoCvis: theirregular frequencies are not eliminated)
FEEAA L 300 m AN [) 537 - SR 7 TR G O AR H 2%, MR8 SR AN ] 5~6 BT 7 o
N e Rl 5 4 R AT DL
(1) AN HLIUPHR A 4 520 K24 B 135 Hz Ik (R 5.(e) ), 5[] RUBE A9 480 BT AT: 5 235 4 £18 A8 K D 4t
IR G s TR R 7 LR 22K/ INAT — 5 22501, (ELA8 5 RO B A 52 4548 14 0 1] 85RO, BV I 41 5
AR MR W) S B (2 7P ) o KR phy TR A 52 30 g i Rl T, 7 1) 7 A B IR s b B o
B Y P IR AR S AR K
(2) AN HRYUIH5 A 0F 28 T7 (57 588 00 75 T i 1o P 52 0 2% AN AL ], 3902 P RE 1A 445 g 4 S MR P A i 1) 4 5
P SR AU L A A A 0 75 375 i 4 48 1) P DR 19 5 SR — S AN M3 B, S ML A3 3 T
A FLHE™ B, AR Bty 5 () RO A0 [ A e 205 7 ) AN R A3 3 o A P AR — B

Vertical 20° Vertical 30°

—Cvis
10 o NoCvis

100 150 200 250 300 100 150 200 250 300
SRz fHz
Vertical 150° Vertical 160°

150 200 150 200
f IHz fMHz

Pl 6 3 i) 550l AN WL UL 030 3 X i TR 7537 373 i P R ABUAL AR B 52 00 ( Covis < T BRAS UIUABES 5 NoCvis « AT BRAS I3

Fig.6 Influences of irregular frequencies on field SPL at typical directions when the system is enduring vertical excitation

forces(Cvis: the irregular frequencies are eliminated; NoCvis: the irregular frequencies are not eliminated)
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Fig.8 Radiated SPL in convergence zones in the direction of 30° when the system is excited axially

(Cvis: the irregular frequencies are eliminated; NoCvis: the irregular frequencies are not eliminated)
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Fig.9 Radiated SPL in convergence zones in the direction of 30° when the system is excited vertically

(Cvis: the irregular frequencies are eliminated; NoCvis: the irregular frequencies are not eliminated)



551031 Bega A 5« - RERRS R G0 R0 E AP A AL - 1619

PE— 255 80° 77 (v i 1) Al T 00 4 R A P e 2 SR XN, A5 R AN AT 10 Bl zs ol DL, 25 AN SR
CVISIEMEIE 7 135 Hz, 150 Hz S5 4G A0 3 25 Y BN MR S B0 2l , SRS ] [ RE nl ik 2 — 4
X XU B R AR A 0 37 B IR AE AN () 567 b S B AN KLU0 A 5 AN R T i3t ey PN SR U ) 7
YR -5 S ARG R S 7 7 A A T MRS E TR R 1

AxialNoCvis AxialCvis

300

300
40 40
250 | - 250 | "
N 0 N 0
T 200 T 200
~ ~
-20 20
150 40 150 40
J R, X W-%'\'Jum,f',‘. ' o JETITEN 60 I, ILALLURALIAIR i 1 l. ] 60
100;;_;;..' L UL = 100 =emil® e i .50
40 60 80 100 120 40 60 80 100 120

Distance/km Distance/km

10l i 30l 198 80° 7 {7 S e 7 1) £ R DX R ( Cvis < THBR S FEIUASIE s NoCvis « S T BRAS B4R %)
Fig.10 Radiated SPL in convergence zones in the direction of 80° when the system is excited axially

(Cvis: the irregular frequencies are eliminated; NoCvis: the irregular frequencies are not eliminated)
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Fig.11 Radiated SPL in convergence zones at the 265 Hz when the system is excited axially(Cvis: the irregular frequencies

are eliminated; NoCvis: the irregular frequencies are not eliminated)
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