555 %5

201549 A
SR EARTIE ¢

X % ® I K % % R
o E

=

KT R A A G5 BE T S 5 I ik 53 By
R % .

Journal of Dalian University of Technology

Vol. 55,

No. 5
Sept. 2 0 1 5
F W K,

XEHS: 1000-8608(2015)05-0492-06
(AR ETIRAY B IEFR, EXAT hRE

FEAD: S
BIEREEAEFERE Lo E A e & A
ot 80 % By

150001 )
k&
0

FE 525 .U661. 44
731

REFGETHRE MEMFLEMEERAHATEL. RER RN . EEESHT 2 AR,

—»> .

(=]

WE: HTHRATREARTABEHEEGS A RT RS HEDAT R

Bk AE Z
VE ST B JE U L AL BN SR e B R A AR R X JE 45 B 4T R AR AE 447 L 78 3

FEEdAE20kHz L T,5 kHz LT A4 8 B 5% K.
KEIE . KT B /N B SRR AE 5 22 )R

A R R AR AN IR e D07 18 3K
M ERARIRAD A

doi:10. 7511/dllgxb201505007

T FUL A 445 K 0 7 o b F 5 o L A P 7 A A
255 ) BE T 19 1 7 7 282 S IR AU A A KT g e s T
32 1M 2 B RO L R AT PR o ol R
TR E S A ZSEC . T AR B B o
i AE T, TS A% [ AT 1 R A S R R R OK R
PR AE IR R T S R R R T A T A BE R

R BELAS 5 Ll 1 /N A e, I 7 Ak BT AR gk
WA SCER AL D . ARk R E AR TT R T AR Z A5G

AR Sl 45 5 LA KK T 9 0 TR 75 A5 5 O Tl A 1

& T I ARURE R LR
WA Hr.

SCH L BRAT T — LE RS H BE TR A5 S0 Kt O F
PEAT T AR B B A R B R X BE

— BERIESE R AR SCER RS OKCT R K A A 45 A

B FE £ 54 40 % /N D A 407 9 47 25 0 o
IR I NG T M £ B B 1R A AT

DU R053 BT 7K T B8 0 i A 45 4 B A5 5 R
ARAT AR O 14 IR S 7 AE
1 JEARRL
1.1 /DS br
FIE T 1A 70 A1 R AE AT BIEEGES (O € L*(R),L*(R) Fx Hfgh:
AR A5 5 2 |, WAR £ S he & A BR M AE
IR 45 K /K T R B RR TR B A B s g
O3 22— de Xt K R B R g e AR S R4 T 4y ‘
7. AN SBT3 L A B 06 TF B 5 e s € Las] | fwla <t @
K 1 — BB 0 B A 43 T O vk, B2 AE L TR B
ARG T R R R R E R S0 e vpp &4k
B b 3 LA AR K PR AL KT AR K IR 45 4
BE IR AR 5 A RS AR AR A4 40 15 5 1 24
W T IS A I 220 7 A 1 A% 5 11 e B o s 4 T
R AR . AR R, LU RS A 1R A B AR
i EH . 2015-01-28;

ik ¢ € L*(R) , HAH B it AR () 5 2
fEE HH . 2015-07-10.
(HEUDTC1405).

oo
C, :J o[ gl [Fdo <teo (2
TEHE /A WP E " (1982-) , B 4, kUi, E-mail : xieyaoguo@hrbeu. edu. cn.

B C, A5 R @ g — A /N P sURE /NI K 3
N A ARSI BT DU B — AN B
ELWE . F5 A AR IE S Ve B I0H (51279038) 5 W AR 16 TR K 3 25 K M B R 17 7 4 2% 4 95 00 % JF 2 4 W B 01 A



R E £

AT B JE A 1A 45 A B R 2 5 B IR R AE 0 AT 493

Gon (D) = |a| ™2 (l‘;ibj (3)

Hfa.o € RoHa#0. Fra WHAEH 7.0 KT F
. 5 CF

(Wof)Cash) = (foghs) =

\a\*”ZJ f(t)gb(t_b) @

5 TN H 1 ﬁh&ﬁﬁ;ﬁ¢% )ﬁ

¢Giﬂ%%m@% IR B BROR 4 L B

JINIE AR A A D K B — 4R AR S R S 4R S,
CRE A T M A 5 B0 B AR AR L /DN D A ety —
£ RN W DA | e s |21 R AN 5 Sl A S P 1
ERe2 f(t) FE/NIE R 1 I B 2 4 BE R 1 FF
P T R AR G T o FERS R b, 0] LU 2]
FLAT A [ B30 5 B 0 /N D DA DG I i 4 45 5 AT T
178 L 3K B0 X 55 1 ISR 384k 43 A 1 E Y.

S R R B S S T A X 3 /0N AR 4
AT E AL S @ 50, SR, AT B HAk
AT B B /N A L T I

a=alb=nbyal; min € Z

Boa, = 2.0, = 1, RIAT 15 5] — 9/ ik,

Gn (1) = 272027t — ) (5

B2 m B0 1 B 1$ﬁﬁil¥aibu—1ﬁ X i
AR 5 MR /N — 2 35 A T S RO A T
Vi
1.2 /DRSS BT RE S U

Gk /N AR S A5 BT ER s B 43 B AR
NI A S L A S R T AR S AT K O i AR
ERCNIE S S R T W Rl =y =P AP A i

1=}

H

E=flpwra=Sln  ®
=1

E= f}E (7

L E RS B ES S MaeE: £ B

it J5 B 5 U AR T sy AR B AR 5 BB IR

WRAE s E Aot S e M. Hrb i =1,2,.n
+ 1. = 1.2, .m,m NE 5 BB HORAE AL

/NI A FRATURS BB E M A 5 B RE TP Y

i ke

2 K FREEE )8

S AE RB KR 8 S 8 K P AT 928G
KK R 20 m, H #9055 M AR S5 ZE KR
KT A T A B8 0 2 AL AR 5 A R R A 4
AR AT I AR P S Al A AR g A
B 1 s, SC56 B AR AN IR AR T K& LT
TEAM A 2 24 — Rb BE R0 A5 BE A% JR% 2% T ) Ik
VLT 55 AP A Ah FR T F- 5 An 1A 2 Fir s S g
K H PCB JE 1% & 4% L) & Taktronix 7~ 3 #% dF
T8 R AR

Bl I Bl 4 A

Fig. 1 Structure of experimental tank bottom
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Fig. 2 Measuring device of wall pressure
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Tab.1 Layout parameters of each case
T3 W /kg H/m L/m 0/
1 6.0 10. 86 10. 00 12.5
2 8.0 5.43 4.42 27.0
3 8.0 3. 64 3.21 42.0
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Fig. 3 Wall pressure-time curve of each case
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Tab. 2 Frequency band parameters for wall pressure

signals
i fi/kHz pimax/ MPa ki/ %
d1l 1 250~2 500 0.47 0. 05
d2 625~1 250 0.49 0. 04
d3 312.5~625 1.42 0. 26
d4 156.25~312.5 3.49 1.57
d5 78.125~156. 25 4.49 3.59
d6 39.062 5~78.125 7.03 8.77
d7 19.531 25~39.062 5 3.15 3.52
d8 9.765 625~19. 531 25 6.42 16.78
d9 4.882 812 5~9.765 625 3.10 12. 24
a9 0~4.882 812 5 6.70 53.18
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Fig. 4 Distribution of relative error
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Fig. 5 Reconstructed signals of wall pressure signals
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Fig. 6 Band energy distributions of Case 2 and Case 3
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Analysis of time-frequency characteristics of wall pressure signals
of hull structure subjected to underwater explosion

XIE Yao-guo®, GUO Jun, LI Xinfei, CUlI Hong-bin, YAO Xiong-liang

( College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001, China )

Abstract: With a view to obtaining the time-frequency characteristics of wall pressure signals of hull
structure subjected to underwater explosion, based on the experimental wall pressure data of a hull
structure model subjected to underwater explosion, the time-frequency characteristics of the wall
pressure signals were studied by means of wavelet transform characterized with good time-frequency
localization. By wusing these wall pressure signals, the pressure-time curves and the energy
distributions in different frequency bands were obtained. The experimental results show that it is easy
to get the time-frequency information details of the wall pressure signals by the wavelet transform,
such as intensity, frequency and duration, etc.. Energy statistics show that frequency bands of the
wall pressure signals have a wide distribution, more than 80% of the energy of the wall pressure
signals is mainly concentrated in the area of less than 20 kHz and the highest level of energy is below

the frequency of 5 kHz.

Key words: underwater explosion; wavelet analysis; time-frequency characteristics; wall pressure



