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Time-frequency Characteristic Analysis of Underwater Electric Field
in Ocean Environment at Shallow Sea

JIANG Li-jun
(Naval Agent’s Room in Dalian Region, Dalian 116021, China)

ABSTRACT: Objective To master the main energy source and attenuation law of underwater electric field in ocean envi-
ronment. Methods The variation environmental electric field amplitude with time was studied in combination with the theo-
ries. The frequency spectral distribution at different frequency bands of the underwater environmental electric field was ana-
lyzed in detail. Finally, the proportions of the amplitude values at different frequency points in the whole frequency band of
the underwater electric field in ocean environment were calculated. Results The results showed that the amplitude of the
underwater electric field in ocean environment reduced with the decrease of the conductivity and the movement of the sea
water. The energy was mainly concentrated in the 0.01 ~ 1 Hz low frequency and power frequency range. The ocean envi-
ronment electric field showed strong consistency within certain space range. Conclusion The experimental results showed a
certain degree of agreement with the theoretical analysis results.
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Fig. 1 Time frequency diagram of continuous observation with

different measurements

AT AR
. 77<81m+2‘§) .
V= (m(gm_h;g)exp(—nz) —exp(—mz)jU
exp (lwt—imx) (1)
E = (r;:gexp( -mz) —exp( —mz)) Vexp (iwt—imx)
(2)
P & m+eé Uexp( il
= g]n_'_égexp(—nz)—exp(—mz) exp(iw
imx) (3)
X p=vm’ +iou(o+iwe) ;E=v/m’ -w’us ;
5= & - i g; U = aO'FCO§Isin0; Vo=
o) e

O +iwe




- 60 - *Oo&K B B TR 2014 410 H
w HIRIEEN 1 FANIRE su FORIF KGR ;0 TRl 600p .
Ko % o FTRMUE KA A M o, FTHEREA 3 s00f Wik
0, P A AR S 1 ARG 50 B G e R
fitsa JRRIPEI, Forl, AR R P S O g
VIR IR MR T/ HL 53 AT T A 5 M 8 T B YRR ool
HAIRENE LS, ERR 13 S0 KK d , . Vg,
T FECEK B FARER, 3 ELAR AR, 2t o P e et
AV T H -, A 3] 0 Gifg i, 1Kz 5 i IH a 0.01~1 HoHil
VB , M T 28 B0 7K 2 Bl FL I Y RE R IR ;5)

%E i A3
SSCH MR P X S T ) B B L 37 i 4 e %WW X
ATHEAT T VAT , LR S0 R [R50 1 4 4 o 5 3 4 5678010
RS, A0 5 418 i 37 76 S ) 2 6] 00 5 10 il I b e g
G AR DG O, A AT 4 2R LR 1 RN IE 2 B 10
(FEASEERER B S B4 10 2 00) ™o
£1 RESARESK R &L E gj W
Table 1 Changes in the amplitude of different frequency and the L3 il = z)ﬂu%ﬁgz
proportion of the amplitude - L3
P WRIEL v i P AR Yo
/ He DA k2 SRS Bkl 5% ¢ 0.01~1000 HZAHY
0.01  515.32 430.69 341.08 174.24  2.32
0.02 427.23 35775 283.32 143.92  1.93 B2 OR[RI S A A th 2k
0.05 313.80 263.01 204.40 109.41 1.4 Fig. 2 Spectrum curve at different band with different measure-

0.1 1191 9454  73.31  38.60  0.50 ments

0.2 68.99 58.21 45.17 23.82 0.3l

0.5  91.36 77.28  59.57 31.80 0.4l SRR L) — B0 FOA 9 P T4 E 0. 08 ~ 0. S

; 1;:2(8’ j’;‘: ;fé jz 332 Mz 0 TR 7 A ) P 30 W 5, AR 240 0. 1

5 0.75 0.5  0.47  0.28 0.0 Hz*

10 0.54  1.09 027 0.8 0.0l WS 1 ~ 10 Hz 5B (435 53 A 1 28,1 ~ 5 Hz
TH(50) 1117.90  928.87  722.47 395.46 4.9 BB 3 A4 0 A 4 A ek A — B L LR

VE T i LU B BB 4 3 A0 RS (] 930 A Wi (L7 4
WA BT i LG A 2 fE

WEL0.01 ~1 Hz A9 B2 45 I 2 44 (%) 35 35 43 A i
2, = Fn AR B, I FUR AR 0R(E 25 51
AR (X 2 T AR AN (] 5 | A FL 3 253 ) 1 25 A [F)
FFED) . AU PRI 0. 01 ~ 1 Hz AiiBLE
A ARG A A AR DG, & 322 i KR i 3 P A Tk
BB LTS VT I YR B LA 1 I 5

58, (H 3 AT AR MR B 2 ] 14 25 548 0. 01 ~ 1 Hz Sl
BYW AR/, AE5 ~ 10 Hz SEE, AR E AL L7
W IR AE LRSS 58 IR N E AR 25 5
VR R A B S U, 3 AN A i N L 3 A
LHEATHG, X FEIE W TR AR,
T I o EL A v P SR e, % v T L i 0 LA 5 B Y
WA, PRI v R Ml g R e R B AE TP AR 10
Hz DURAEL

MEL 0. 01 ~ 1000 Hz 47 Bt L 37 R {E /Y % ek i



11 Fs5

TR 2R S 78 v N =R 7N Tk SR 1 g - 61 -

2, 7E 10 ~ 1000 Hz [932748 L3043, 1 PR IR BT T A0
LI T oy B e R0 (E T A0 ri 3 R HGSEE O £
HAANBAEE LS B T SO 2o, =% 348
LI AR A ET . 5 S T rl 37 RIS D AR [] ) S R
TR Ry AR VA R 1 B AN [ TR

3 HiE

VETEMREEK T L RE R B R4 M 0. 01 ~
10 Hz {451 50 Hz TARHLY, Hiib 0.01 ~ 10 Hz 1%
B A3 BRI T R AR H 91 HLAE R [R) 2 (B
oA (R Ul B — 3, 2 BRI 7R PR B L 3 A I
FHOCHEAR B, 33 V5V 1 DK v 35 R 7KG8 Bl —
FEMIIX I N HoA 25 0] —2orE, A 702 10 ~
1000 Hz #9147 B 5 5 i 15904, B 35 2ok 5 5 00 3k
VS 30 i A Ky 23R e R K 7 L TR i B PR RS R
o, Bt 55V A O S AR A S R

Sk
(1] AFFAE, 29000 AR E M ], dEo. E=28 Tk i
WAt ,2007.

LIN Chun-sheng, GONG Shen-guang. Physical Field of
Warship[ M ]. Beijing: Weapon Industry Press,2007.
[2] PODNEY W. Electromagnetic Fields Generated by Ocean

Waves [ J]. Journal of Geophysical Research, 1979, 80
(C21) :2977—2990.

(3] AR, PR TAR, Ft SCOMEIR X 7K T H i 37 1 52 0 11
3R [T]. B ,2005,24 (1) :37—40.
WANG Yong-bin, CHEN Wei-dong, DU Yi. The Effects
Analysis of Electromagnetic Field Amplitude Underwater
on Influence of Wave[ J]. Journal of Tropical Oceanogra-
phy,2005,24( 1) :37—40.

(4] SKA Ty, BSCHE, X O A5 iR RO L 3 Y e
VHEELD]. TR ,2008,30( 1) :42—46.
ZHANG Zi-li, WEI Wen-bo,LIU Bao-hua,et al. Theoreti-
cal Calculation of Electromagnetic Field Generated by O-
cean Waves[ J]. Journal of Oceanography,2008,30(1) .
42—46.

(5] Zesktk, SR %5, M VEPREE T 00 R 7 i 9 DR Al 7
JPEL1]. AR IR TR, 2011 ,8(3) :94—97.
LI Lin-lin,LYU Jun-jun. Fast Estimation Method of Power
Frequency Magnetic Field Magnitude of Ocean Environ-
ment[ J ]. Equipment Environmental Engineering,2011,8
(3):94—97.

(6]  SrGEk. PR A i A AR T [ )] 275 2
55T ,2011,8(6) :100—103.
SHI Xiao-tao. Study of Alternating Electric Field Variation
of Marine Environment[ J]. Equipment Environmental En-

gineering ,2011,8(6) :100—103.

(L#% 16 W)

DENG Chun-yan,PEI Jin-hua. Modeling and Process Sim-
ulating About Folding and Inflating of Omni-Directional-
Type Airbag[ J]. Journal of Nanjing University of Aero-
nautics & Astronautics,2009 ,41.97—102.

[10] ABETHE. 25 e 42 23 B0 Bl B o0 A S G2 mh A R 5L %
BARAL T AT IE D] ALt 3 P A T AR B, 2011.
HAO Gui-xiang. Research on Impact Responses of Air-
borne Tracked Vehicle and Parameter Optimization for
Airbag System[ D ]. Beijing: Academy of Armored Forces
Engineering ,2011.

[11] ELA UHEAR, S, 55 SR EZ R RS

el B S BRI B ()] 3= T2 40, 2012,
33(12) :1461—1466.
WANG Hong-yan, HONG Huang-jie, LI Jian-yang, et al.
Research on Simulation and Optimization of Cushion
Characteristic of Airbags for Airborne Vehicle[ J]. Acta
Armamentarii , 2012,33(12) ;1461—1466.

[12] WANG Hong-yan, HONG Huang-jie, HAO Gui-xiang, et
al. Characteristic Verification and Parameter Optimization
of Airbags Cushion System for Airborne Vehicle[ J]. Chi-
nese Journal of Mechanical Engineering,2014,27 (1)
50—57.

[13] Douglas C M. Design and Analysis of Experiments[ M ].
USA: John Wiley & Sons,2005.

[14] JAZS 5Ky, Z2yh [, 4. kT8t 4% 0 1 it BB BHL ) ok

gitaz HERtfb i i [T]. P TR 42 4R%, 2010, 46
(14) :85—90.
ZHOU Jie,ZHANG Yu, AN Zhi-guo, et al. Multi-objective
Optimization Design of Forging-Die Resistance Wall
Structure Based on Genetic Algorithm[ J]. Journal of Me-
chanical Engineering,2010,46(14) :85—90.

[15] BELYTSCHKO T,LU Y Y,GU L. Element-Free Galerkin
Methods[ J]. Int J] Numer Meth Engng,1994(37) :229—
256.



