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Abstract. With the rapid development of deep-sea resource exploitation and marine engineering, underwater
structures face increasingly complex vibrational and acoustic environments. Consequently, investigating the vi-
broacoustic coupling responses of these structures under complex stochastic excitations becomes critically im-
portant. Traditional deterministic analysis methods are inadequate for accurately characterizing the influences of
multiple uncertainties inherent in real marine environments, such as random loads, material parameters, and
geometric deviations, on acoustic performances. To address this, a hybrid numerical method integrating phys-
ics-informed kernel function neural networks ( PIKFNNs) with the direct probability integral method was pro-
posed for the efficient uncertainty quantification of structural random vibroacoustic responses in marine envi-
ronments. Specifically, the near-field sound pressure, initially computed via the finite element method, was
used as training data to drive the physics-informed kernel function dependent on system stochastic parameters,
such as the sound speed, the density, and the excitation force, to learn the acoustic field mapping. Subsequent-
ly, the predicted sound pressure treated as a random variable was then employed to solve the corresponding
probability density integral equation, thereby to achieve high-precision prediction of the statistical characteris-
tics of the sound pressure level. The effectiveness of the proposed method was validated through numerical ex-
amples. Furthermore, the influence of stochastic parameters on acoustic performance was investigated in sce-
narios involving unbounded sea areas and deep-sea settings. This method provides a novel technical tool for the
acoustic reliability assessment of complex marine equipment and for research concerning underwater multi-

structure interaction problems.

Key words: uncertainty quantification; physics-informed kernel function neural network; direct probability

integral method; vibro-acoustic coupling; stochastic response
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Fig. 1 Schematic diagram of a structural acoustic coupling system in an unbounded ocean
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Fig. 7 Schematic of the single ellipsoid structural configuration in the deep sea
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Fig. 8 The PDF distributions and statistics of the 300 Hz SPL along the z-axis under triple random variables in the deep sea
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R PG B FETCE Dy 4 mo il ) LR 8 Fir s (Y BR A5 A R G2 5 18] 10 B 7 1Y WUES H R 58 75 T 2
PDF 315 v] 1, WUESHY R GER P TG PDF 7315 3 B S0 Y S 44 2 ) 52 M A T 2 Bl 7 1) ) 3 DB, 7
Fs2 PDF Jp A i FBl W R 8, HOR 25 12 B iH 22 W it R R ik I B R 5 Bk SE AE N ) HES ) 26 08 R 7 A i 2
SEAR RSP IR AR T B B UIA G A b e B2 20 P T RN AE LR 4 B T AR B,

pE— R SR BT R 2 20 m, (I 11 B/ PSR ik e 2R ik — 2 AR A ARSI 3 IX 8, 7 T G o0 A 7 25
] b S SR AU A AR T S0P 5 SRy AR A AL [R) I, 75 R 2] PDF S A 7 3 2 I R B8 I A2 2% (0 e IO &R

ZEE X LEIEEE 4 m (&1 10) S 1E]EE 20 m (1] 11) A5 2RE, w] LASGTIES 1] 45 b4 1] B2 PR P2 U4 1) R G875 3
GEVT oA Y SRS R0 (E] B AR A 22 B KO S5 AR 1) 7 800, i B 5 AR RIS L, DT 28 GE Mk 52 0 7 3 1 45
LE11S RN 1SS ) 2



55 10 39 PRIBE A5 KT S5H P PRAR A AL R 9 8 R A T3 ik 1251

PDF at point (20 m, 5 m, 100 m)

PDF along z-axis (x=20m, y=5m) 03l —SD:
: 1.27dB

w 0.2
a
=

0.1

== PDF at point (20 m, 5 m, 100 m) 0

*PDF at point (20 m, 5 m, 50 m) 106 110 114 118
~ == PDF at point (20 m, 5 m, 2 m) SPL/dB

PDF at point (20 m, 5 m, 50 m)
—SD: 0.38 dB

0.8
N [ \
) / \
~ 04 / \
/ \
O P / \g\ 777
126 127 128 129
SPL /dB
PDF at point (20 m, 5 m, 2 m)
—SD: 0.45 dB
0.8
5
& 04
0
135 137 139
SPL /dB

B 10 PGSR 4 m i, 300 Ha 7RG 2 05 0] 9 PDF 4345 5 5E etk
Fig. 10 The PDF distributions and statistical characteristics of the 300 Hz SPL along the z-axis
for dual structures with a spacing of 4 m in the deep sea

PDF at point (20 m, 5 m, 100 m)

PDF along z-axis (x=20m,y=5m) 08 —SD: 0.50dB

PDF

0.4

0
== PDFat point (20 m, 5 m, 100 m) 123 125 127
== PDF at point (20 m, 5 m, 50 m) SPL /dB
N == PDFat point (20 m, 5 m, 2 m) PDF at point (20 m, 5 m, 50 m)
d

0.2 —SD: 2.0

PDF

0.1

0

15 135

125
SPL /dB

PDF at point (20 m, 5 m, 2 m)
0.8

0.6

PDF

0.4

0.2

0
137 139 141 143
SPL/dB

B 11 PSR 20 m I, 300 Ha 75T 2 S5 15/ PDF 4345 5 5014k
Fig. 11 The PDF distributions and statistical characteristics of the 300 Hz SPL along the z-axis for

dual structures with a spacing of 20 m in the deep sea
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