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Simulation study on hull coating damage detection
based on electric field measurement
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Abstract: Hull corrosion is primarily caused by the deterioration of protective coatings. Given that inspections of hulls are both time-
consuming and labor-intensive, thereby conducted infrequently, this study aims to propose a rapid detection and localization method for
hull coating damage. Using the changes about underwater electric potential caused by the impressed current cathodic protection system
and coating damage, the location of the damage can be identified by measuring the potential difference underwater at symmetrical
positions on the hull. Underwater electric field transmission experiments have confirmed the feasibility of methods for ranging and locating
fault positions based on electric field characteristic signals. Additionally, COMSOL Multiphysics simulation software was utilized to
model the corrosion electric field generated by the cathodic protection current and the electrochemical corrosion processof metallic
surfaces on the hull. By analysing the potential variation along the measurement segments on both sides of the hull, it is observed that the
underwater potential difference is notably largest around the damaged coating area. Based on the transmission characteristics of the
underwater electric field, longitudinal and transverse positioning of the damage points have been achieved, with average deviations of
0.2 m and 0. 21 m. Moreover, a linear relationship between potential magnitude and damaged area was observed. This method offers
high accuracy and is suitable for longitudinal positioning of multiple points with intervals greater than 3 m. It mitigates environmental
factors’ interference with detection, enabling early and rapid detection of hull coating damage and improving corrosion management for
vessels.
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Fig. 2 Polarization curve of each material in seawater

WACKE i, .., (SLEAAL: A/m® ) 753 Jay S HL A Fb, 3 2 i
Ll j‘j:
Ui * 1 e e |
fpe = (6)

iy, tl Lo expr |

T H BB P i S Bl ) ) T A 2 ) v fr B 8
I 2377 A AN TE R B L IR 8 S T2 B 4E TR S
LA RN e PR T FL S P 3 R SR A A R SR RS S
e S0 HEL Y

i= X (7)

Hor, n ki, J5 48 1 ANER , 6, (ST HAL,
A/m®) A m AR EL R SN FRL I B AT AR A B 0
JE AV B AL 1 H A ) 43 AT

AR JET 4 Bly A i o O 4 Fl U 7 2 B B A
JL AR BRAL ¢, S A HE TR AT & o BT
5] oA B Ol G i BE R AP, SR T T R JE R B 1k LU
SRTRIBT RN 48R s BH AR 3 TR AR A A
FA) PR TT L AT 1) ¥ K it fin AT S5 2B 2 i PR 4
ROR

n-i =0 (8)

Hrr i, (ST A/m?) HHR R G k=1,s 4
SR AR TR P R T

FERTIUNR A 3 8 A B b, o SO P o SR 48
B SIS0 FAFAE TC R A AR () AR BT, 285 6 folf T IR At 7
IR TR

i, == 0o, V, (9)

Vi, =0 (10)

Hr, o (SRR S/m) WK LR BTHL 33, Vb,
ALY RRRE . BRI K AT AT BL 0 2% ) ] 1S HL B B
P HEECR 80, AR 8 o) 4 S/m' P E G
B AR RS Y50 0 H A BT b i AR 3, DA R R Y H O
e, AEAIFSE A A AR ) BTV Sal 0 J2 oz 5 07 5 2,
F ffR B e L I A



5113

BT LG AR R E AR 0 L 93 -

2 KT REIFEEREEIE

2.1 SREEH

T VA R 2 M 5 A AR Ay (9T A0 sty O A PR A ERL I L U A
XA AR TR X A IRl e e

J, =0,k (11)

TR I v R 5 B R IR T B LE B e
YA w e b BB A R g E SR R R B
DX sV | 38 A I KR BT 543 A TS LR AR

SRR Ty AR S BRI R BT P A AT A — A
1 m KRR AT 3.5% 9 NaCl %W, LUK 8095 7K
B SR RS RSO 2k LA T Pk B AR AR P i 2, P 4 22
A ELAEN 5 mm BY/NERTE g BRAR AR, 3% B2 (5 5
M ARORAGTALL By BH AR A A3 Ak 2 i Ay o P RS AUL P
T %F, WAL Rt — XA 2 em 0O R BUE
Ag/ AgCl HLRRZE %, , 1000 S8t Fb A X6 22 ] ) L 44 22 45 31 i 3
BRI

T COMSOL 4y = 4E 355 & AC/DC B %5 L
BRLALL S5 FRER | 38 A8 76 ity 1 s i A 25645 3 A FL R R
N RS B H AR T v Y O

| omds=i, (12)

I 11 T R 0 A A A R SRR RN
Tob S U6IE HLAT ECA AR LA S K R 305 i R
X5 R S R A W A7
2.2 HIFEENEREREEIE

FERGEIE T, i /K H i 5T b i 3708 3 G TR
R AR RO, 70 B R ) R Y5 2 B N L iR
BN TS K e 2 B A oS Ak ) P B AR
g DB T 1 B R R B

B —XERE N 1V A5 5 08 BH PH AR o 7, BT K TR
4 em FOPLE PIEARE 7.5 om, Bz 26300045 o 7 3 5o H
VAR ETE 3.4 mA, Q11E] 3 (a) s A R D 2 2 B T
Wit Iy ) L FE B B 4~ 10 em (8 3 (a) H H R
BY) B R B B A S 2 3(b) Bros i L e g 5
B AR &, COMSOL I 1% %5 AR R 7 Hi 35 s &1 1
) L A S 5 S 6 45 2 9 7K T HE I AR AR B AR — B
I, FE R e A B A 4540l UEP 43 [] 2943 B 2 40 o
R B T ATHY
2.3 EBIBFFEEM G E

ICCP REufE TAERT, &5 300% )2 k45 4k | FH AR AR
JHRE 2% R 30 P L 3 %85 484 o ) T e 5 PN 1 L A
B2 3K, R T HERE S, R R RSN,
FERIBCH A8 it ok /> T4, 3 i X R, T DAFEAS
[ 7 B I s B Y 22 5%, HLRT &, X IR R 2

O Bk
—fi—t @ &=
Ag/AgCIHE R

(a) SRR
(a) Experimental sketch

1

1 1 1 L L 1 )
0.04 0.05 0.06 007 0.08 0.09 0.10

BE B /m
(b) 37 7 3 B P U

(b) Electric field strength attenuation with distance

3 g B R A

Fig.3  Analysis of electric field attenuation in seawater

SEAF TP IR X B HE S S A, Xk
DX I B T it A, VR R T R, H b R S R N T
B BUEAE— A AR E WS R PN e Bl T A B8 (U 1
X3, B TR 232 40, L 300 B 25 1 B0 8 1 e 1,
VEE TR R DX, 38 A 4B H 37 0 B 254, AT LUK ff o
LRSI E . R 5 A L T D A A A g
{5 T 53 8 0 B AR P T, 5 o A 0 9% 9t R T S

PR SR P I A KR 65 em I 2K
(Bl 4(a) MEZE) , BB E AE BRI 26 B 4.5 em 1Y
P& T BH FR AR v B) B, 15 AR v I 2 M 2 B
2 M7 em BN 1 VA, DA HLRARE £E 2. 65 mA,
A% St Xo I e A ] P 0 2 - A e 78 Ak, P19
R iy B 3T ) FL A 5 B AR K 22 5, 38 5 XN Y
ZE(E AT AT LAYSK /L BH AR XoF 100 8 1 5 M0, 4 A 1 = o2
SR ERR Y, AE COMSOL B4 145 LA 7Y 2% 135 B 1Y
P EE5 A5 S50 v v 37 8 2% {8 1Y 43 A1 ith 2 3 AL &
4(b) s,

SERSERFIA 2%y v 3 I A R A Y L
JE AT DUAT S5 S PR A B e, Atk — 2 B
N T RN GRER R S E A iy I 3 L N

3 MERMESERSN

3.1 ARIRIERE

R T RS PR A R B r A S R R e E LT
— BB KT RSE R 50 mx 12 mx4. 5 m, ST
T VAR E 007 158 « b, e B 1 ZE L 7 Ry



- 94 . LSRR R e o

38 &

PR % Bk
o @)
(2]
H H
Ag/AgCIH R XY

(a) SRR R E
(a) Experimental sketch

0.05
0.04 [ hix
" om R
I
= 003F ‘L“
= .
R 0.02 | lii :
R .
@ {,‘ 1
0.01 - vl
¢ .
0.00 + 1 3] “F/ &/.Ili
-0.01 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
AL E /m

(b) BB T PRI e 37 5 FE Fr) 5 el
(b) Impact of cathodic interference on electric
field strength

K4 GhhsE LR

Fig.4 The mechanism of longitudinal axis positioning

W REE M O 2 WA As AR AR R, B BN L i
KA H AR N A2 O, AL N AR AL, Ry
TG TR IAALE ICCP REET MMk, R E T »
BO7 1A ZEA 70 m ISR ZR B, 7 F B W 10 m, KR
5 m Ak, ka2 B TR N 5 FTR B AR IR TR 2
WA AN 512 o 7475 L v AR AR5 i 2ok 196 vy L, 37 1%
AR, L Ag/ AgCl I HLIR RTINS/ UEP 155,

Hg LR

K5 AR EA I T 2
Fig.5 Methods for testing hull coatings

A COMSOL #y 1 38 13 55 52 28 it T X = 45 7 6
MHEATACRMEIE . BTRUIL AR AR E R i A FR T 70 B
FRTRER P R AT S I 2 B L R R B S DX st e A7
TORTARS 53, LA e ) BT 3507 Fh 44 43 A A 1 RS R
P /N RRZE B R R TR B R 20 R R
AL, I 6 R

Bl6 =4k At -5 20 73 9 s Fi L A
Fig. 6 Three-dimensional coordinate axes with

subdivided grid cross-section view

3.2 BRI B RE AL

FE b SCHR IR T B I Y H U B R
SRR U Il S O RREAE o Dy T AR IBU I R S i R ) S (] 3
A FERS AR B R i — BEER B L IR 5 K/, X
D5 1% BN AT R0 b S L 4 i S T X A S L UEP (5%
A FFIIR A AEAE , T ZA MO ST BRI HEA T 40T
TER 2 AR X B,

B BT FR L UR 2 56 8 A A0 WA 0 e 35 B A7
03 By PR A BB THE 2 R M X BRI, MU 2 ke A e B, s
FIA TR A0 P10 EiL S FEE o S R B I 1 2 5% B B — S AR
PR, 308 0 A et B 3T V000 7 F 3 T A K
IR HL 370 B 2 {1 7 A e R S B e R, IRt 3 3 4
M EL 35000 38 2 (0 0 A R A, T LAV B b T 8 A A A
2y WS

T BRSBTS Y 45
I, B 7 KRS me B4 AR B R A8 R A A A I
AR YR JZ S A, WA AR E A A S RN K T R AR T HRLA
Sy AR BRARZE(E R 0, MIRIZ KA 0.5 m® BT

N P RAIE T %5 TR B & P, TR BEAT AR O 2
BUEALIDF B, BEE IR M 1 TR IR 2 48, SR AEA L
— DN ST 70K TR )57 5 8 o — R S T A DX, JH T
EEEL (B 0.25 m?) . HE T & M S YN0 &EFF 2 m
Fogli— Uk, UL WA s AL 70 TR AR AR IE R J7 A A
PN 5L 37500 P2 DRI, A bt A A AR

ML 8 Ff T LA A, LI 22 30 AR B2 Bl
(DA I 2 I0) BAT W A OL 3, Feo 2 1e 4
Ak BRI B VR R TS TR Pl TR RN AT 4 O AR B
BRI , 244 BF A0 v I 49 I IR, R e 2 R A ) e 37 78 f A
K, A BE B LR B B B0 O 25 900 . )2 25 At
FEAT B BHAR A, PR3 e O vl B8 2 1 55 BB 8 L LA
T RECE NN 2R, JUHR 2 IR B A B T 5 T AR R
S Al 28 LI 0 OV e i, SRR Bl 5 %0 RS
4 LR A2 A IR

KU1 2 515 308 1o A A P 0 5 B3 48 ) T e Jo v £



511 T B RN ISR R E AR B .95 .
- 031,
-0.205 A _— A
#¥ ---B I~
-0.210 i . ——AAB 0.02 -0.32 N 1\ AAB 0.02
‘ e Y > N 2
20215 / 1 TS i A C— e
2 i : ) g 0 P R
50220 DI 0.01 g & — . 001 B
I = D 034 |l =
0.225 i = ; S
F , .
0230  —A—t——t———————=j000 033 : | 0.00
S ' | i ! '
-0.235 ! ! L 0.36 ; : e
20 -10 10 10 20 30 40 50 60 70 20 <10 10 10 20 30 40 50 60 70
) " YAz B /m ! GBI E /m
b | 0.20 b Lo -0.30
A T ] 022 A -0.32
0.24 0.34
0.36
B -0.26 B
; -0.38
J . 0.28 _ .
ﬂ%’fm&mﬁ Pt A BAB B MVE.  [igA PFIHLB g -0.40
i -0.30 2]
(a) FEHR A Ry H A 5 El AL 2800 AR 43 A (b) 7 B4 Fy e gk S5 Lo 048 AN 4 A 1)

(a) Electrolyte potential data and
distribution map without damage

(b) Electrolyte potential data and distribution
map with damage

BT UR)Z SRR X HL A i FL S 8l 5 20 A PRI O L 2B

Fig.7 Comparative analysis of electrolyte potential data and distribution maps based on coating integrity

50T
- BB .
W00 . WHENMR L
Pl L5 BB
i ot
5 20 f . ;
s Wik a2 2 :
# 10t ﬂﬁm.b'l‘ﬁﬁA E
.9' : i
of -1 e
oL
0 10 2 30 40 50

WAL EH /m
8 AP & T v X L

Fig. 8 Comparison of two measurement methods

FEARE A5 | R iE 3 Ak BF AR FEL YR R, B X BR A Y UEP
B VE RS AR T R T, 53]
B B 5 PRE A B R EIP A OC, BEREET 1(0.998) ,
SRR B VA RN 0.2 m, LR
W7 IR SRR AR SEBR I I h  25 0 i AN AT Ak
TR AL PR AR T EL PR A TR A A T O i 6 4
TR RS E B ERE L,
3.3 WHIRAERLE AL

CL 0 T B A A B L P 7, A o L R
BIDLE AR FEL I S Il O 3R | A0 BT T A F A7 2 P 0 {1
KN TE T ARARAS R G I 25 {15 A 488 o 7
BIER, RIS B 0.25 m® AYRE L A W S IR 3R

WRZ 3, 52PN UEP 22 (f A W A5 RS/, 2 i) 1 45 o5
BRI R E L AnE 9 iR, Hrh wiiag 2 1) UEP 22 {452
MHATEAR M, 5 2. 2 W A T A5

0006w MWiEXBR (I
o BURHE 2
0005  a ffRAR .0
> = 4
@ 0.004 -t
R )
# 0.003 - e
o o
# 0002t HIY
B a
0.001 | gt
)
0.000 |

B AL E/m
Ko A E S A 2R G R
Fig.9 Correlation between the horizontal axis

position and the potential difference

B9 R T st y WAL E S A 22 (AR R, AE
R DI, AR Ay b L B PR RS B 5 1R By L 22 (.
BN ENE, B E 1 m KEUEIN 1. 1 mV, i TR
FEAT P, PRI L RAE /N WSS 3 1 B R B Fsf vl 37 22 (L
AR, B AR S (ETS R i 1, AN 9 B
WA AT R, P TSRS R A ) B AR A, -2
i AN R B 1 m RECEI 1 mV, BRI
IS HL AL 22 (E A3y Bl b 5 5B s P33 22 (N
0.21 m,



- 96 - LSRR R e o

3.4 WEHEARFIET

WEAR S BBl X — i 72 5 e i R R A 1 =25 J A
b o 3T WD S LY H R RN DR AP 45 R 2 ] 1
P25 ICCP ZRGE R RE o 1% OR 4 eh O, ] ] DX 3 e fi
JDIREER VA 297 NI N S 2o 1 o~ 2 1 i (1B S 2 TR 2w 11 N |
e b P UL 2 A ] L B A i B R S i — 20 R
R, 38 3k W K FE i O R AN, A AR A, T DA T 2 e SR
TR AFAERE , LA SPEAS AR JZ BB 15 O

-0.20
" X=20m
® X=40m
-0.25 WAL
L ]
>
’El -0.30 .
.E -
g -035
N
[ ]
040 - \\
"
2045 L L L L . A
0.0 02 04 0.6 0.8 1.0
T A/m?

10 P v (o Al SR At 1T AR

Fig. 10 Damage area was estimated by average potential

P TS R JR A BB AR A % 2 L i R ) 00 ) e i S
LS, A S AN ], DRI T A 5 25 10 38 TP AR 85 5
FC LR A 7 B (0= 40 m) FIEESE S AR A B (o =
20 m) X E—ZRINHEF(0.03~1 m®) B4R JE B30 X B,
WIE(9) B HL IR/ R A 2] e A A, RO B
M 2R B I HLALAE 5 AME, UGt T 10 77 11 o fi
Y HA RN SR T AR A AR DG B . Y i i B
PR m? MR R RLE 0.2V,
FP B R A B SR S LRSS B AL ¢,
fife TR T B REER
3.5 SN BWIRAMEN

FER SRS DU, A0 0 e 75 380 48 S 2 | 6 R/
VT LR 2 A TR AR, R 300 2 40 T 3 o A a5 Ao I B
AR RS . SRS BRI B, AR )2 T BE S
I S G O, FE 2 SUBBUE OO FIW R )2
R 2 22 MR T, AE AN AR A RN — U Ry
0.25 m® THHLT, 24 [ A% — 00 i) e 463 5, B8 8h oy — Ak
PAVRBE AR A7 8, ZE M AR P R4S an 181 11 () T 7 9 L AT
(EREESEN

FERE I 5 AR R A e 1), o] DAAE A A5 55 25 0 o 8%
FNPIAS B T AL, B ] BN T 8 m I, HY
DA SBIN, 56 = WU ERAE |k D v A Sz e ooph <7 43
AT DL 3 I 8 TL A A5 R A A A, 3 3 A 3 v
Lo HI 7 B, T B R P 4 58 (full width at half-

o538 4
0.012 - IR -
Rl — B4 m
[A) &8 m

> E—— [ BE12 m
ﬁ 0008 faEEI6m
el
& 0004 -

0.000 -

220 <10 0 10 20 30 40 50 60
PBifr B /m
() BCHR [A] R X kL 3 5 4 A1 S 0 s 7
(a) Schematic of gap distance impact on electric
field distribution

20t . T >
BALRE /
o
///
g 18 YA
= /
E /‘
"6 14
/
.V
14 L L
0 2 4 6 8
[l ¥i/m
(b) B 5 e 2 TR R
(b) The relationship between the damage distance and
FWHM

B 11 S E L
Fig. 11 Vertical positioning of two points
maximum , FWHM) 214 15 m, #45 FWHM 5845t 55 5] 15
FYSEE (ANE 11 (b) Bz ) AN, St sl b 3 m LA |
BF, FWHM 34 8 RS0 o) B 1 AH 45, 38 2 i o rh ol o5,
B G  HE— R FWHM 23 218 351 5 18] B, i 5 2]
TR B A A B R I A R 1 718 52 B4k 4, DU
B IRIE R BT A 2k

4 &

R AL PR 258 8] 3 A1 AT A AR s 3 A5 A 2
223 i S AR 5 B UE T Al T %5 R XA
257 DN VRS S5 R 7, ) L 3 9 R 2 S A R AR N 1) S
{37, DL RIS R/NEA TR 1) 5 07, S 1 XA U3 2 bt
BRI TCARAGIN 3o ol A R S N oA A v 4 v
B, I ELRE A TR AR R/, [RlI BEAZ A0 BE 22 A5
BB R A2 215 L

BEAh 1275 638 T PR AR, ot A 40 A9 e
Kt PR, HUAR GRS AR U0 B 280, Ol B 1 TR %
TEREEEN o SR AR R A SRR, A KR JBE k> 1 %ot



5113

BT LG AR R E AR 0 L - 97 -

B SIS MIFEIN B 105K AR T [ 5 7 M 1A - A
7 2 207k T LATH 1) 55 22 A AR EA T bt s e oz, 3
BAFME, Gams , g el Jr g BA Rk |
P SERHE R TR AL, AN % T A
e B AR, IR I e ol A AR L 22 5 Ak B AR

L7 TP L AR TR TR B AN ) {0 R0t o ¥4 Je A D0

2R BLE H R I I B E L L R ok RT DA e Bl ARk A

A2 I A Jra e B2 v R DRSO K i 22 AL ) 1 A

BESEQLHIA . BeAh, T i 15 AL LA S A8 ol ekt R

H A7 Bl T S MR b FIUI A A B A oK, XL

PERF AR LE S ARG, B ARz 8 A | I 32 TR 22 4x ik

AR A

5%

[ 1] DONG Y, GARBATOV Y, SOARES C G. Review on
uncertainties in fatigue loads and fatigue life of ships and
offshore structures [ J ]. 2022,

264. 112514.

LIN BR, LI X G, MA X M, et al. Ship hull inspection:

A survey[J]. Ocean Engineering, 2023, 289. 116281.

HOU B, LI X, MA X, et al. The cost of corrosion in

China[ J]. npj Materials Degradation, 2017, 1(1); 4.

MUTHUGALA M A V J, SAMARAKOON S M B P,

ELARA M R. Toward energy-efficient online complete

Ocean Engineering,

(2]

(3]

[4]

coverage path planning of a ship hull maintenance robot
based on glasius bio-inspired neural network[ J].
Systems with Applications, 2022, 187, 115940.
WUHY, CHEN Y L, YANG Q M, et al. A review of
underwater robot localization in confined spaces [ J].

2024,

Expert

(5]

Journal of Marine Science and Engineering,
12(3) . 428.
KIM B C, KIM H C, HAN S H, et al. Inspection of

underwater hull surface condition using the soft voting

[6]
ensemble of the transfer-learned models [ J ]. Sensors
(Basel, Switzerland) , 2022, 22(12) . 4392.

[7] KIM H C, KIM B C, PARK Y. Cleaning condition

inspection of underwater hull surface images using a

Transactions of the

2021,

convolution neural network [ J .
Korean Society of Mechanical Engineers-A,
45(9) . 817-823.

AR HRE, AR, 45, Ot R S0 S 2 R
AW R[], BT EE AR, 2024,
46(13) . 118-123.

LI G M, SHAO H, ZHU D X,

homomorphic filtering and multiscale fusion for corroded

[8]

et al. Improved

image enhancement [ J ]. Electronic Measurement

Technology, 2024, 46(13) . 118-123.

(9] ME AKX, &TH. ETEEE LSRR E

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

KR EHR S WAL [T ]. H D S AR
2023, 37(2) . 110-120.

LIN S, ZHOU T F, ZHA Z Y. Underwater optical image
sharpening based on fusion of channel quantization and
red prior [ J ]. Journal of Electronic Measurement and
Instrumentation, 2023, 37(2) . 110-120.
FHFE AR, 5. SRR L 5 B U-Net 189
KT EBIMESEL)]. IR, 2024, 46(1) .
181-187.

WANG H T, LIN S, TAO ZH Y. Underwater image
enhancement based on dual attention mechanism and
[J].
Technology, 2024, 46(1) . 181-187.

EREIR, WL, R, SF. T )R A
JEE A A B {5 LS B[ )] AR AN R AE AR, 2023,
44(5) . 71-80.

WANG X J, YANG F, WANG C, et al

corrosion modeling and simulation for guided-waves-based

improved  U-Net Electronic  Measurement

Pipeline

inspection[ J]. Chinese Journal of Scientific Instrument,
2023, 44(5) . 71-80.

XU L, XIN Y, MA L, et al. Challenges and solutions of
cathodic protection for marine ships [ J].
Communications, 2021, 2. 33-40.
KALOVELONIS D T, RODOPOULOS D C, GORTSAS T

V, et al. Cathodic protection of a container ship using a

Corrosion

detailed bem model [ J]. Journal of Marine Science and
Engineering, 2020, 8(5); 359.

GURRAPPA I, YASHWANTH I V S, MOUNIKA I
Cathodic protection technology for protection of naval
structures against corrosion [ J ]. Proceedings of the
National Academy of Sciences, India Section A: Physical
Sciences, 2015, 85(1) . 1-18.

THIEL C, NEUMANN K, LUDWAR F, et al. Coating
damage localization of naval vessels using artificial neural
networks[ J]. Ocean Engineering, 2019, 192: 106560.

HU Y CH, WANG X J, WANG SH CH, et al. Coating
damage detection of vessels using machine learning-based
underwater electric field [ J]. IEEE Sensors Journal,
2023, 23(7) . 7956-7967.

WANG X J, WANG SH CH, HU Y CH, et al. Electric
field trends of vessels in navigation [ J ].
Engineering, 2024, 294. 116834.

A0, WG, RE. — R BEL LR BORTE A A
LETCR A R Al SN UDNASE NI I =S SR R 53
A, 2021, 40(4): 130-134.

LI J, HAN P, ZHU Y. Application of an improved

Ocean

stochastic resonance technique detecting ship’ s shaft-rate

electric field signal[ J]. Foreign Electronic Measurement



- 98 - G R - C I T ERRE
Technology, 2021, 40(4) ;. 130-134. et al. Accelerated boundary element method for direct

[19] H¥R, SREH, FHEME, 5. Ag/AgCl Ml 4 i v current interference of cathodic protections systems|[]J].
L AR BRI R R SR [ 0] SR =4, 2018, Ocean Engineering, 2022, 258, 111705.

39(2); 211-217. E&E B/

SHEN ZH, SONG Y S, WANG Y X, et al. Study on the RN EL, 2022 4F T BE TG R K 2= 3018
detection characteristics of Ag / AgCl and carbon fiber 2 BB B TR R A Y
marine electric field electrodes [ J]. Chinese Journal of i ? M TS 0] M IR L A
Scientific Instrument, 2018, 39(2) . 211-217. E-mail; 222040267@ hdu. edu. cn

[20] XING SH, LI'Y, SONG H Q, et al. Optimization the Zheng Puzhen received his B. Sc. degree
quantity, locations and output currents of anodes to from Shaanxi University of Science &
improve cathodic protection effect of semi-submersible Technology in 2022. Now he is a M. Sc. candidate in Hangzhou
crane vessel [ J ]. Ocean Engineering, 2016, 113: Dianzi University. His main research interest includes ocean
144-150. electric field detection.

[21] XUFRKH, TE/NE, T 4s, 4. BRES IR 2 0 g K HEGEFIEH) ,2007 4FF #i L K%
R E AT )], R E AR ST, 2018, ARAF 2 A2, 2013 AR T U VLR 24 4K A4
13(S1): 182-188. i, B BT B R R A R
LIU CHY, WANG X N, WANG X J, et al. Simulation A FEEAF ST T 0N A AR R T
analysis of the influence of propeller coating on the L AR
underwater electrostatic field of submarines[ J]. Chinese E-mail ; junlin@ hdu. edu. cn
Ship Research, 2018, 13(S1) . 182-188. Lin Jun( Corresponding author) received his B. Sc. degree

[22] WANG X J, WANG SH CH, HU Y CH, et al. Mixed from Zhejiang University in 2007, and Ph. D. degree from
electric field of multi-shaft ship based on oxygen mass Zhejiang University in 2013, respectively. Now he is a lecturer
transfer process under turbulent conditions [ J ]. and M. Sc. supervisor in Hangzhou Dianzi University. His main
Electronics, 2022, 11(22) : 3684. research interests include electro-chemical sensing and ocean

[23] KALOVELONIS D T, GORTSAS T V, TSINOPOULOS S V, electric field detection.



