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Acoustic radiation prediction of underwater rectangular plates
based on Gaussian-distributed points

ZHU Li—juan'?, LIU Hai—jian?, LI Tian—yun"?, ZHU Xiang?, ZHANG Cheng"*, PENG Ke—hui'?
(1. School of Naval Architecture and Ocean Engineering, Huazhong University of Science and Technology, Wuhan
430074, China; 2. Hubei Key Laboratory of Naval Architecture and Ocean Engineering Hydrodynamics, Wuhan
430074, China; 3. Wuhan Second Ship Design and Research Institute, Wuhan 430064, China)

Abstract: Accurate prediction of radiated sound fields from underwater structures with limited measurement
points is crucial for vibration and noise reduction studies. This paper presents an investigation on a rectangular
plate and the proposal of a measurement point arrangement strategy based on Gaussian integration point
distribution. The surface vibration velocity field of the structure was reconstructed using an L; norm sparse
solution, and the acoustic radiation sound field was predicted through vibro-acoustic transfer functions. Under
the constraint of limited measurement points, the effects of truncated modal order, number of measurement
points, and their arrangement on the prediction accuracy of the radiated sound field were analyzed. Results
show that, within the mid-to-low frequency range, the Gaussian integration point distribution strategy
optimizes sensor placement. Compared with traditional uniformly distributed measurement methods, the
proposed strategy could achieve an accurate prediction of the radiated sound field with fewer measurement
points, providing theoretical support for engineering applications involving sound field prediction under

limited sensor conditions.

Wk H: 2026-04-21
G FERARPAREETIIH (52371318; 52531011)
YEZ T AANIE(2001-), 22, i+, E-mail: zIj715@hust.edu.cn;
ZER51(1969-), 5, Wi, 4%, @ HWE#, E-mail: 1tyz801 @hust.edu.cn,


https://doi.org/10.3969/j.issn.1007-7294.2026.09.015
https://doi.org/10.3969/j.issn.1007-7294.2026.09.015
https://doi.org/10.3969/j.issn.1007-7294.2026.09.015
mailto:zlj715@hust.edu.cn
mailto:ltyz801@hust.edu.cn

1570 FiEAR 32 £ 30 B4 9

Key words: L; norm sparse solution; acoustic radiation prediction; Gaussian distribution measurement point;

velocity field reconstruction

0 5]

il

BRSO P SR AU T8 A 7 RE D 0 T B Ao, TR R S 25 1 B SE A R 12, 132 o FH T
K AT AR A8 B R, WFFE AR AP B Rl N B 7P 8 SR P RE B SR . 7R TR AR RS M iR sh 5
B H T I M A B S L s ™, (E o E KR A B AT AR BR B A T AT A A 5 A s A
BB ORI A Ay 5, A Gk T S H R S 7 b WU O vk S D R AR TR
HEFHR S M R S P 2K T SRR Sh B A R A 2 F AR o

TR T i3 bR ROR R AT BRI 5 T 7K 52 A R AIR s 07 4, S A BROC U 0
FSE T AL D | SRl R S S AN R 10 4% 4 iR sl R 3 1 T My B s k™ 7
Gy N S B, W FH P AL e A A R IR B S AR A PR 2 Z (R SC &R, 4 BACHR SN Bk, 7 S G A9
S B P ST R S 7 0 ) PR T (B TR ) R TR SR, 38 PR SIS P A
B HARGT T SRAEAT T WU, I HORR T PR R IF 7 TR XL AR A R s bR B L 30
OR GAR EE A T ZE MR TR 7, SR A 188 pR O AP (4388 0 B A3 10U I ol AR S 45 A i i
JEE B 75 37500 57 T ) P 8 S 2 3t oo 50 LA R 45 R I 503 R ) A S 7 R 2 (] ) 4% 335 R 8 Simarda
AN VR E A BRI B0 R 7 VR R 38 et R L, SR A R, X 7 VR A TR R i
FEAT THWRGE s A" it 7K L2 G0 e 2 A 0 7 i S TR o A0 e ) R, 422 1 2495 T AR L
TEICI 377 12, G A G s 23 A B D VR Hr s B RS FE, B2 1 G MR Sl 7 R A P 4
AR o

ASCAERT BT FEIER 1, 2 H R R AR a5 A SR LA 2 B 7 15 o SO SR R I =y

B3 R WIS BUAR SCRE T |, o Je AR s A b 5 2 TS S 5 I IO R BRFIE , SR L Y 80 g i
HRK R HEARAR S B3, 456 7 4R A RS, SR £ AR T OK R R AR IR Sl 7 7
s 73BT AS (RIS 5 R 300 A R W 0 I sl P S PR AL P B2 ) B2 ), SR SN S M) RO
TEOUT B Fe D BT RS B BRI s 8 H o BIFSE AT AR I s A 5 R A — e A, A BRI 5 R
ZEAF T HER TR S A S P AR (R S

1 EAXEL

L1 iRFIFE I
FEoK T g5 R sl AR EIE 30k, 15 81 s s # ok
Mi(t) + Ci(t) + Kx(1) = £(1) ()
b MOATTEERE; CHBHHERE; KANIEEFERE; £(0) R 11, AR A2 Mo FHsh; x(n 4k
Fa £ T i B RS )
FETHASE NN E I, B S5 R S 25 [ BT, XK (1) 4T Laplace 84, Bk a7 — & R mT
R LE R P R s AR N

MY j0C Y fE K S = F @

2, £ 3R B2 ThES RIS r I R AL, & R BRI S S S5 N T, o W a5 PRSI
A s BEA S S5



559 IRIRIEEE . T A s i 7K R HE AR e i+ 1571

fF
&= —wm, + jwc, +k; )
Kb f1 mg = fIMf,, ¢, =fICf,, ke=fTK f, 73 FR FLA3 Fh a5 R0 55 s 1 R 2 | RSt | RSB E
FREAS R
H_E R A L, S SO AR S S 5 AR, RIMK T S5 A R R3] LATE TS 2R T T,
I KT S8 e T A BRI A5 A PR B, 1) L SO A A B HAE TR SR R IS S 511, ki
S SRS RAL ) B K T 45 AR U7
ST U wouy s ) 1B o] B SN D b  A 8) ) [RS b U PA L O 5 a Tt AP R e SR =l £ -3
R, WSS R IE RS V], PTRR N
[ = [f]nxn[‘f]nxl 4)
BT RIS BUNE, Z0m P R ATUBE 7 Bl AT 45 R 4R 2l o 52 M 5/ N v BRSBTS 2 B
AN, WK GG 2R AT M AN IR R (V] " TR N

Vs = [f]MxN[g]le Q)
P M T8 3 M iR R N B TR S I B BIREE S 5 I F 1€, FFRTRAES 5

PSR 1h) b A A IR . R TS BRI, — B S /N RS AT, BTASR(S) R, M
TN, AN K ETTREA, BT 24 TR — R, B G5 IR shm 7 i) HA DU LBs
&, BESZSH 8 BA AR R B, NS AL U8R s RS2 5N 1 ¢

LG X005 B B D0 A TR AU — P D0 A TR AT, bR 4R B — AN [l o, i 1] R A5 LY R
HA /N BLE . AR LA 2 5 80N R 0 R 3R 5300, b, Lo B0 5 si i s i B2 A1), H
Lo B0 B 8 SR M 00 Ll Al IR . Ly O 1) v BT JE R A 2 X HELZ A, LU L Y
Gy ke, I HA AT P AR A, Lo RO b A JC R A7 R PO R, 8 S 5 A i B A
T}, Al W A= AR . NI SCR AL ORI, F5KE Ly Yo i o — i pR R, MRS (1A%
Ry — AR ROR . AL TERURBR AL DR S 2 5 P e k™ b

{ T o = Wlelya M <) } ©

1.2 iESHEIRIEIS
ST RITHE, TELS TR . PP TR — I, 25 My 75 b 40 0 26 TR S s, sl
Uk AT R A, PR, T K T A TR H IR S 005 R . Helmholtz B

I3, TEL AT OU T, MR P 5 T 75 L Ak [ 413, {58 T 7 38 45 40 P R S 7 3 P A s i
AR
TE=HE TR, [ kAR R B
. ejkr
G(—r)9 rs) - 4n|_r)__)s| (7)

Aorfr 7 g PO 5 2s [r , 7 AR R R A
RIS )7 BRI BAMAR, 51 AKSMRBREL, Helmholtz UM AR 715k
p(7) = fx [p(?i)aGgf r) jpwv(?.i)G(‘rﬂ?i)} ds (8)

R p(7) HEEFIZ 5 R, v(r,) WL FR R M IRHE, S SRS, n, WE5A VL 7] ot
>4 Helmholtz FRAMA T (75 355K 6 85 JC BR300 285 M r U5 22 1w ik, w75

C<ﬁ>=%
aG(F.T) . -
C(7§)P(7§)=fs[p(7:) Z r)—JPwv(Z)-)G(_r),rs)}dS
Xof b FHEAT B O A B, 530 2 10 7 s i e i 1 R i 2 AV R A R A e ik U

)




1572 AT WA 5530 55 9

P(7) = ([ely [A17 [B] + [d]}, ) {V} (10)
S AL
[ATV]y,, = [cly [A]7 [B]+ [d]y,, (11)
53] 4 M T 1) R o RV 0 7 42 1 7 12 R
p(7) = [TV}, V) (12)

K1 p(P) RIMFI 5 R, (v) R BE S 1 6
K FH A A% 3o ) d i R 25 40 R 1R IR B S 4R 5 P 3 2 [R) A& IR EE, A3 IR S TR ) i S5
G fa) N AR, A5 2 FA S 0, A8 v 7 A5 35 PR AR, 1158 7737 5075 T, SEER S5 A 7 R g e

2 WSS AT

2.1 BTESS T
SRR UEAR ST R A TE A M, AR SC LAY 1 [ 52 20 R H Ak T BR R K 380 25 B R Al R 1R, 1145
MR SEN R 1 iR,

R 1 HEERSY

Tab.1 Calculation parameters of the model

2R FER=YL N, Bl 2R FER=YL N, Bl
iESIZ TSRS L/m 1.2 SRR 7 W F/N 10
L7 E/[Pa 2.1x10" GabL ¢/(m-s™) 1500
MR t/m 0.004 P U pw/(kg-m™) 1000
AR p/(kg-m™) 7850 (SL/NEA 2 0.3
FHJE b 4 0.005 KITHR AR Hz 600

EATET | AR A, A DO LB iR gl A B 5Tk, S 2 5 T B A Mg
E, R AT A B 1 B, B AT 0 X A i R A - SR AR FH RS B, LT Bl
SIS R AR B T 1 e D BT AS BT RL, AL JE 7R 100 Hz 5 600 Hz 1A% T /i 800 B2 5
TOIHTER, A1 TR

100 Hz FHT800MMLA S 5 F4tit4h 600 Hz N HIT800F 152 5 R F4it4h R
1.0 : : ,
SHRHOR ( 1~S0 BRI (1~1008)
0.9 10 JAABHCR (1~508 ) ool Lo SR (1~10081)
£ 08 Ros £ 08 R 08
Ko7 £ K07 2
E y §046 _'; oo \‘_—' 0.6
= = 0. =
M*ﬁ 1p 04 Mﬁﬁ 7 04
0.5 vL 05 @
202 2 02
o4 = o4 2
fﬁj\ 03 % o 20 30 w0 s0 ig\\} 03 % 20 40 60 80 100 |
o B A B H
& 02
0.1
0 N S I} x 0
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

RSB RS
1 BEEZ 5T T
Fig.1 Analysis of modal participation factors
Bl 1 MR FMR 100 Hz 1l E 2 seikfE RO BCS S FERT 10 B, 231 5500% 600 Hz T
A E R TTEE HIAORS SR R AERT 60 o PRI, 7EARSCHEBURT, B TR T, ke 32 25Tk
ARSI B 22, RITER il B, BAES 5 N T ROM BRI



%5 9 1 REAARAE . BT i A K T R AR R AR - 1573

B RAER A5 S 5 T4 TS i RS B Ll
B T B L O b 4 R BB 60 A S 5 G *t o]t
40 B REASHEAT OO LT TE . O A TR, R Lop fe oo e e
ERHT AR 15 B A R 6 % 67 4 B A, Bk 08!
36 T A RS S A SRS s |70 T
S 7 A 135 ., ARSI AR 4R S0 1 B =R
P SRAE R . 5 TR A B A T SR B oal I e
A KRR X 22 BRSO BR 0 PR S O R R
TV 224 3 W 25 (T H R AR B AR ) fr 47 250 bR 5 N U N S O
7] 2 AT B PRI, B A T or

EEIRLA LA, T FHA R 5 R AT MR 50 0 02 04 06 08 10 12

S ASHFIE, BTk (5 e b s

hmﬁﬁﬁ’ /EJZIK%/B;?{M‘Q%EEZIH@ 2 Fﬁﬂ?o Fig.2 Selection of G[j;;s(j;l;\;rj;asurement oints
FET6 x 615 ST A4 S0 I8 5, PR & P

Sk T K T SRR 7, FEH T M 4SS S T T A AT L, ASSOR I R (B %

G 1x10° (m-s™)) FordR s, FLARGRAT HANE 3 B E—H, i i g 130 R, 52 It 4

ST 7 0 5 1 T4, 515 30 0 745 T % 0 5 M T 0 1 7 PR 48 SR A7 0 e, T E L L

5, AL P TR R (B 5900 1 x 107 (Pa) ), Q1P 4 Fi7R.

200 ; T ; T ; 220
180 - 200 |
160 180
140 | 160 1
S 120 g 1407
ifiéj 3% 120 ¢
ﬁ 100 i .
= #2100 (¥
= 80 :
60 1 80 — BT, 159.4735 (dB)
f;’f:}%;ﬁ?’ﬁ%’ﬁ R 60 HTGOBA A T A1 7,160.2960 (dB) |
TO0P MRS 254 | A0 A T M 245 1 ;
40 C AOWHLAS a2 w0l HT40B RS TAG L5 R,162.4601 (dB)
20+
‘ ‘ ‘ ‘ 20
100 200 300 400 500 600 100 200 300 400 500 600
$iR /Hz B3R /Hz
&3 BRI XS L & 4 PR REE XS L
Fig.3 Comparison of mean square vibration velocity results Fig.4 Comparison of predicted sound pressure results

WA 3 Fr7R: Y BBESEUET 60 B, 3577 4k i 26 5 A B s M AW BG40 e, 245078
LA BT AR RS, BRI S DI, W] 4 FroR, 7RI 80 B 507 A Y A R A 2 A
T, Y3 IR AR AR A B 5 5 AR ST T I A S AR A B B BT, R R S
160.296 dB, 53#E 75 He SR 5 AR L, A TR 224 0.823 dB, AHXT R 25 48 X AL A 0.516%
S I AT I BOCTR B S THRRUR T T A R S B MR FH AR BT, TIHRORS B R R, 1R 224
A 3 dB, A F) TR FR T e 2 IR 2E MU I SR, HLiR 22 EEORIE TR EMIX I, 5552 5HF 00
SER—E R, EERTAS SO 553505, RS HE TR 45 R P S 5 i 5 1) dee D BTSSR 60 Bt o
22 MRBESHR

W e/ DRI S B E5U , 1 — 250 93 SR FH 50 BB a5 D B A 00 SR W B, TR AR SRS 8 A S
TR AR/ DI S B E o BRI A 16 AL 9 AN 4 AN T 2SI T AT, TS E AL
JE SR8 7 PR LU R 2R RN 7S R TR b e 43 S an & S FEL 6 BTR .



1574 AT WA 5530 55 9

200 : T ; T : 220
180 ¢ E 200 -
160 f
140 ¢
g
iﬁ\ﬁ 120 f
¥ 100 t
i
T 80+
HETFIZ5H,159.4735dB) |
60 A 16T LR, 161.0365(dB)
D —— R 9N A THIZE R, 156.7198(dB) |
40 164N 3 TR 2 53 A S5, 152.2801(dB)
9N i AR 40 -
20l T R
: : : : 20
100 200 300 400 500 600 100 200 300 400 500 600
2R /Hz 2R /Hz
P 5 il T 5 07 PR S R L K6 il s R A 0 L
Fig.5 Comparison of mean square vibration velocity results Fig.6 Comparison of predicted results from Gaussian
under Gaussian measurement points measurement points

WE S frm: 40550 B0 16 AN, 05 4R fl 26 A B2 o RIS 240 5 80 B sk 9 A4
i, 597 PRk 2 W 75 BE TR AR T B 240 St — 2Bk A 4 AN, 5905 PR v A B A 2 TR

WNE 6 FrR: 77 HE PR 25 AR At 35 5 1y iRk 45 SR R 3R A e A — 35, 430 55 4850 H i/ 9 A
B, RS AR 2L KR 2.75 dB; 24 itk — 2080 o 4 4B, RS RIR 22 PR K = 7.19 dB. HH
BE AT A5, FEASCHOR S350 ik R, WRIR 22 7E TR TR BT R4 2 A1 22 VW BRI PN, T 0 e e 0T
BHRK 914

3 SN REHHNSSH

PR GE YA I A AT LU oA, Sk w8 e 20 A 2 75w AORAR I s A . A SCE W oA AR
SCRETR s 1) gD ORI AS 205 U 5 B L FE AR T 20 S R 16 A, 9 AN 4 AL GE 8 Al
MR 3T, B P R B LR I&] 7 B

B 7 B B 16 MEGEIIATIN T, BHRETHR R S B oy 9 A 2z W] R
R, ik 5.52 dB; il s BE— 20 4 AN, BURSSRIRZE MR E 7.84 dB. #E—2, B LGl

A TR R 5 I S PR SR T2 R L, AN 8 7w, Hop B RARZE UK 2 Pis o
S 55 S U L

220 T T : T . 162
200 ¢ 1 u
160 | ’
' 4
4
| Y4
IRkl — T z
= - — 1A ’
) Pt 4
156 | s
ol 7’
Ly e
7
Hl!_i/@ji}-@{'xé,l'f'/!\'»,%5*9,2%5«18) 154 1
HIY 16 A T4 R 160.6601(dB) |
60 i 9?2;@{9!‘},.“ﬁ£];£§,15349475(dB) x= 1@
40 £ - © A S A A5 R, 151.6319(dB) | 152 o Cj
f x=15.02
20 -
100 200 300 400 500 600 2 4 6 8 10 12 14 16 18
Wi/ Hz ESRA |
P 7 S5 A0 TR A R L Pl 8 I AR A SRR L
BRI H
Fig.7 Comparison of predicted results from uniformly Fig.8 Comparison of predicted results from two

distributed measurement points measurement points



559 IRIRIEEE . T A s i 7K R HE AR e i+ 1575

=2 WA SOAEUR IR EHR
Tab.2 Selection and error data of two measurement points
FH RS 8 e gE| KA XS iR 2248 %HH (dB) e AR X R 22N {E (dB)
60 16 1.19 1.56
HA%EH 60 9 5.52 275
60 4 7.84 7.19
HiPEl 8 Al A, FEAH R U BE R, BRIy (ECAH RIS, SR g 0 2 A i 07 20 PSR AR GE 2 A I 507

SPGB G0 D o R N e A SR T 100 7K T S5 AR A S P S P R 22 (5 IR AR L) 270
F0.001 dB, 7E [ SF P B KT, SR w204 I i 05 20 224 13 A0, TR AL Ge 349 Al iy
U FTFEELY 15 A A5, [RIET, 22 g 0 s B0 KT 13 A4, S B R T 15 ANEE, Bl T S8
S, PRI S PR R 22 RS BN, SR R T L RO A A RO TS S S I T A,
S A, ATRE S SIS B4, N S EETF A 22, THRIRZEAE R AR, fEAH R s
JET, SR 00 A 07 ORE He A G 24 A ) i 5 XTI e B0, B 8 F A iy, A7 A
— AR XA . 1 2 AT, I H 0 9 AN, RTINS B R 2E AU 2.75 dB, AR

M FRIR2Z5K 5.52 dB, T8 TR AT B2 25 Y0 . 455 b AT 20, SR 5 ST R4 0 JEUB43A ) 5 T L)
AL 15 A
4 & &

ARSCLAVY A 8 52 2R 7K R TSR G2, S bR 1 — ol aod g AR o0 2 20 SR I 5 A1 5 07
ko TTIRAEA PRI ASAS BAE S, SR L YRR s i 07 VA AN A A R AR 1807, 455 7 iR 188 PR B
BT M7 RS ) TR TR, T 04T 1 AR SO SRR B R A e A TS B BSOS LG B R S RS
PATI A BT AT TR HE, SRR 1 R e Hr R0 s DB A 0 T A

XA ) BRI 285 i 5 I A 575 3 X A5 R 75 0 S PR RO WA AT LA, 451 AR 258

(1) F /DRI AR 25 B B30 0E A 35 5 A i 7 A = 28 STk ) T s, HLAR B i BE, BEAS S 5 110
i PERREAG o

(2) R FH B AR 43 a5 A SR m] AL I 57 &, 2356 AR SOK T 4 S 75 3 TR 5 vk T S s/ et
F R KR 45 B BRSPS R TR

(3) ATy e T AR BL, TR m i BE, AT AR 2 431 X 252 5 TR T B0 e, SRS 5 A
PRSI %, 3 AU A A B R

(4)FEXT ARG, 5 Se ] S5 AR 43 s T DX, 43 XA T 30T, 1E— 2D 0 e AR i A

& £ X

[1] % S0, S g 4. 1 A 25 4 K T (A8 7 58 S e bk 2 B[00, 0 TR, 2023, 52(5): 121-125.
Han G W, Wu S W. Analysis of low-frequency underwater sound radiation characteristics of submarine structures[J]. Ship &
Ocean Engineering, 2023, 52(5): 121-125. (in Chinese)

[2] J&  #, sk3E 0. TR 73 M B HLAREE #3205 P50 07 ik £ 0] AL TR 5 A 3h 4k, 2017(1): 216-218.
Zhou X, Zhang Y Y. A review of vibration analysis-based damage identification methods for mechanical structures[J].
Mechanical Engineering & Automation, 2017(1): 216-218. (in Chinese)

B1 4 J=. SR A R 0 0 12 SRS D0 fe A F 5 0 e 5 R B [0]. iR 2l 5 iy, 2020, 39(17): 82-93.
Yang C. Research progress and prospects of sensor optimization placement for structural health monitoring[J]. Journal of
Vibration and Shock, 2020, 39(17): 82-93. (in Chinese)


https://doi.org/10.3963/j.issn.1671-7953.2023.05.023
https://doi.org/10.3963/j.issn.1671-7953.2023.05.023
https://doi.org/10.3963/j.issn.1671-7953.2023.05.023

1576 FiEAR 32 £ 30 B4 9

[4] FAR9F, 26 4R LT A BRI 1k A 4 Mo B 3 R 3% T A . TR EKGE (T2 ), 2020, 20024): 7-9.
Yu L Y, Gong Q. Vibration and sound field reconstruction of underwater complex structures based on limited surface
measurement points[J]. China Water Transport, 2020, 20(24): 7-9. (in Chinese)

(51 F k. Jk T 3R 0 20 W I 4 AU K T 45 4 A A IR S TR W SE (D). b b AZIE KA, 2008.

Wang B. Research on radiation noise prediction of large underwater structures based on surface vibration monitoring[D].

Shanghai: Shanghai Jiao Tong University, 2008. (in Chinese)

Wi 2 o, I8 /INZE. . TR R A R T TN 485 ) % S 7 T 3R I g A% B B L A BRI SR (9], L FH 7 2%, 2009, 28(4):

283-290.

Tao J C, Qiu X J. Study on the requirement of vibration sensor number for predicting structural radiated sound power using

two modal expansion methods[J]. Journal of Applied Acoustics, 2009, 28(4): 283-290. (in Chinese)

MR, RIG R, M FE AR BE T L) YO BOMG B AR 0 K TR X2 B AL e Uk 3 A R A R S e R R BT A (D). AR AN 02,

2019, 23(2): 234-244.

Ye HL, Chen M X, Tao X F. Study on influencing factors of vibration and sound radiation prediction of underwater double-

[6

—_

[7

—

layer cylindrical shells based on L;-norm sparse solution[J]. Journal of Ship Mechanics, 2019, 23(2): 234-244. (in Chinese)
[8] Simard P, Antoni J. Acoustic source identification: Experimenting the ¢ 1 minimization approach[J]. Applied Acoustics,
2013, 74(7): 974-986.
[91 A&x MG, aRBET, bR A, 55, KT B0 (B A 5 41k 5l 75 el 2 T804 B 00 e A A O VR [ AR A AR UK 2021,
43(3): 44-48+53.
Yu P, Zhang X Y, Chen J, et al. An improved measurement point arrangement method for vibration-acoustic radiation
prediction of underwater single-layer cylindrical shells[J]. Ship Science and Technology, 2021, 43(3): 44-48+53. (in
Chinese)
[10] P FE8E. BT L1 JEE0M i Ak /K T BIAT 76 75 P g 1o 374k [D]. i : A8 rh B K2, 2014
Tao X F. Evaluation of vibro-acoustic response of underwater cylindrical shells based on L1-norm sparse solution[D].
Wuhan: Huazhong University of Science and Technology, 2014. (in Chinese)
(11] 0 k. 2 T i T AL B 7K 254 W 7 5 (37 D7 YA BIFJE (D). I 7K W R U6 T R, 2018,
Sun T. Research on localization method of underwater structural noise sources based on sparse reconstruction[D]. Harbin:
Harbin Engineering University, 2018. (in Chinese)
[12] WA S, 265 &, BIRRE, A5 i [0 A 5 1A% S #5445 1) 41 3l % 338 R Pl S F 52 (0], AR 272, 2013, 17(7): 785-792.
Wen H B, Zuo Y Y, Xia Z W, et al. Experimental study on vibration transmission characteristics of support structure for
stiffened cylindrical shells[J]. Journal of Ship Mechanics, 2013, 17(7): 785-792. (in Chinese)


https://doi.org/10.3969/j.issn.1000-310X.2009.04.008
https://doi.org/10.3969/j.issn.1000-310X.2009.04.008
https://doi.org/10.3969/j.issn.1007-7294.2019.02.013
https://doi.org/10.3969/j.issn.1007-7294.2019.02.013
https://doi.org/10.1016/j.apacoust.2013.01.012
https://doi.org/10.3969/j.issn.1007-7294.2013.07.009
https://doi.org/10.3969/j.issn.1007-7294.2013.07.009

	0 引　言
	1 基本理论
	1.1 振速场重构理论
	1.2 辐射声场理论

	2 收敛性分析
	2.1 截断模态分析
	2.2 测点数量分析

	3 高斯测点与均布测点分析
	4 结　论
	参考文献

