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Research on Time-frequency Analysis Method of Underwater Explosion
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Abstract; The study on the time-frequency characteristics of underwater explosion shockwave sig-
nals is of great practical significance for ships to utilize the underwater explosion signals of muni-
tions against self-guided torpedoes. The CEEMDAN-Hilbert method is proposed to realize the accu-
rate time-frequency analysis of underwater explosion shockwave signals in response to modal alias-
ing in the empirical modal decomposition( EMD ) of the EMD-Hilbert method. In a single explosion
at the depth of 100 m in the water, the frequency of the generated explosion signal is mainly distrib-
uted in the low frequency band below 56. 5 kHz,especially the energy below 0 ~28.3 kHz is the
largest,and the energy higher than 56. 5 kHz is less common. By comparing with the EMD-Hilbert
method , the energy distribution of CEEMDAN-Hilbert method in the frequency band of 28.3 ~
56.5 kHz will be more obvious, which has certain superiority.
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Fig.1 Underwater explosion simulation model
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Table 1 Parameters of water state equation

A,/GPa A,/GPa A,/GP B, B, T,/GPa T,/GPa

2.20 9.54 14.57 0.28 0.28 2.20 0. 00

2.3 MEHHRESHE

TNT ¥E25°RH IWL RS RS T4k, Bk
P=A(1 -R%)e*lv +B(1 —Rziv)e*"zv +%E' (9)
K PONIBEFEYIRE 1,V M L ER
TNT YEZ5 L INAE; A B R, R, Fl o MRS TR
SZHP ) EPRE T ESENER 2 PR,
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Table 2 Parameters of explosive state equation

A /GPa B /GPa R, R, 0]
371.20 3.23 4. 15 0.95 0.30
2.4 FEH&#R

P 2 SR S 1 Ah KT K b U R T B
ithk , WEI AT DIE H  TNT K25 50 0 1 7 i
#71.21 x10° kPa 247,
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Fig.2 Underwater explosion pressure time history curve
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Table 3 Comparison of empirical P, and numerical

max

simulation P,

245 P, /kPa BAEBL P, /kPa R/

1.21 x 10° 1.23 x 10° 0.81
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Fig.3 IMF component obtained by CEEMDAN

decomposition
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signals with error distribution

3.2 KTERMEESH Hilbert i

K RS 5 18 1 Hilbert 3% RE 9% [ k5 5
s N R B I Y - B

Kl 6 kK T HE4E1E 5 4 CEEMDAN 43 i J5
1331 Hilbert 3% 55 R &40 H L Z 5 1)
250, IWEITh A LUE 5 5 i pe e 2L P TE
0 ~0.6 ms Z[H], 3 F 7K N AR KE vh i P R 145
SRR RS RE R S T RS
SRFER R A 565 kHz, N IL(S 5 g o FE4E T 7
56.5 kHz LA T IIRA X, HAE 0 ~28.3 kHz Z [A]
I3AR Iz, 1E 28.3 ~56.5 kHz 22 [6) 20 A b5 F
B R KT 56. 5 kHz (RER LA D, F5 el
S53RAE 0 ~0.26 ms Z [T FTH#EH, 2 )52
TRERaT, 5B 3 55 o i b A B ) A Rk kAT
T &S IR AR e — 30 .

0.50 —0
0.45 2
0.40 4
035 -6

fér 030 -8

X025 -10

Q]l 0.20 12
0.15 _14
0.10 16
0.05 -18

o NI 20

A JELRAE AR

6 CEEMDAN-Hilbert i
Fig.6 CEEMDAN-Hilbert spectrum
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