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Ship’s shaft-related electric field mechanism of production and

countermeasure technology
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Abstract: In order to reduce the vessel’s shaft-related electric field, the equivalent circuit of shaft-related electric field was established on the

basis of the analysis of the ship aft end structure, and it proved that the fluctuating resistance between the carbon brush and slip ring is the main

factor that produces shaft-related electric field. The principle of the ASG (active shaft grounding) system was studied, and the prototype ASG

system was developed and tested by shrinkage ratio ship model and real vessel experiments. The results showed that the shaft-rate electric field can

be reduced effectively by 90% when the ASG system is employed. In addition, the ASG system will make static electric field increase when the

resistance between the carbon brush and slip ring counts much in the equivalent circuit. After analyzing the factors that affect the output current of

ASG system, it was found that the maximal output current is firmly related with the cathodic protection state, but not the sailing speed.

Keywords: vessel; shaft-related electric field; active shaft grounding system; static electric field; impressed current cathodic protection

FOR S TE e 7K R LA T I, E MR 5 1 ) o 4
T ERE S Y B S e
At ek b, WRELE B T3k wWV/m i AR
B 15 5 2 L T L Bl o SRR R IR e 7
ST UL AR B 05 S Tz N K e
FUAR RO B 4RI o o 7 42 0 S A8 O i AT %
4, EAMEMAABET il o A b R ] 32 3h =X
B4 ( Active Shaft Grounding, ASG) 2 45 8 /)N
WA S IEXHE R ASC RGBS EAT
ST o RN S 1, A2 I S T L
FRAAILIR, SCRTE TR 3 A Bl A H 37 7 A HLBR )
BEfl B, X ASG R G IR H AT 140, 0

«  UWeFs EHHA:2018 —06 - 30

ASG RGUIVIA Ia X # 3  ASG AR Gkt B L 45
R R R AT T

1 HSNFRZ EHIE

e FLAR 2 T R 5 A o R v, TG 2 T e
TIOR3 L, 1R DA BH R () % 107 A 7 A
Y7 0 Y A e I ) 36 e I R 1 BH AR (R
) R A AR B g RS SRR A
IR B SEIE B L A 1R

A iy 7e— 1 7K — SR 2 — i 3 — Wi 52
Hey RS FELA 2 2R [l s DA 491 1o g 1) 45 280 HL 5
K2 fioRs

BT HEK AR R TRIH (51509252,41476154 ) 5 B 527 4 H R FERL A 7T 9 B35 H (613166)
{EE RN 2 (1982—) , B W EF R, P10, 181, E-mail ; jiang_runxiang@ 163. com



2 ENE N o 41 %
] e e 1
/ | R, |
|
—1 1+
- JEA e
————T 1+ c, _{ﬁ—
|
i |
| 4 |
——————————————————— - |:|Rb
o Ry |
! R [
1 il i 25 | lﬁsz
Fig. 1 P » I i{ﬂf\%hﬁffz%ﬁdﬁl ic field : M
v shaft-rels stric |
1g. rinciple of the shaft-related electric fie | —| :

B2 s 77 e ) SRR

Fig.2  Circuit diagram of the shaft-related electric field

B2 o Al TR0 o KT, RGP
(] B BHATA -

Z=7Z +Z,+R, (1)

bz, ARy S, i A AT i 2K A T s
BEL R, AR )2 BT (3R )2 HL B R, FIIRJZ B 4T
1/(wC.y) ) PRI AL RELIT (B Al e BEL R, 0 55 T
MHJZED 1/ (€, ) ) HIS Z, BTN S, HIIR
JRESRAE 7K F (4 3t O Fi BEL R R ice 2 A AL BEL BT
(HALFE R R, FI AR SR AT 1/ (0Cy ) ) 4
Jis R, S AR DAY S 1 o e 452 55 HEL BEL o

X SR K BT AR YR 2, R = i A
LN 5 wk/m? VA2 H BEL R O 100 € -
m? 17 X FRK B 2000 m LAY, Higk
JEHA C, o 0.01 F, HIRZHEL R, 24 0.05 Q,
% TS PRI A 5L IR ALK (0.5 ~ 20 Hz) 5%
SNy 20 Hz I, HXS R 2540290 0.8 Q5L
RFWRZHEM R, B, BIFEBT TS Gl 0t al
ZMETRIZE Co WIS o TR R XA )2 19
R Cy HIZRT CBE (OB ZRAERA N
0.2 F/m®) , FERATG Bl P , FEAEHUAE S5 R AL B
(B R, WY SR AET , ANREZWE H 52 me . [Rt, 7EBF
SRR SN, 151 2 F) L B AR ml i AL S 1 3 i
ZANIDLEN S i

N TR f 2T TR R, XA BT

____________________

B3 Bl e S5 40 v R TR AL AR
Fig.3 Simple circuit diagram of the
shaft-related electric field

[1/(2afC,) | 978 AL BLAE 76 % 4 T i A 58 3 fL
PUB A HT AL E L A5 B AR B H PR A &
HLZS 3 B 5350

A =aw” (2)

B =bo” (3)
Hrh o =2nf A2 AR

K)MKXG)HH ab.a.BESEHER

MIAS T AL R EDOE , ARl 48 AR @ b o
BIENZE 1,

x1 ARERBEERM a,b,0,81E

Tab.1 a,b,a,B of different metal electrodes

e e a o b B
1 R4 0.320 -0.45 2.64 -0.38
2 535 4R 0.435 -0.49 1.91 -0.30
3 | 0.523 -0.34 0.556 -0.32
4 mass 0.306 -0.37 0.79%4 -0.43
5 fkHAE4 0.177  -0.31  2.45 -0.46
6 44 1245 -0.53 0.167 -0.28
7 B4 40 -0.64 2.7 -0.22
3 Hr A RHBT N -
R wCy R
Z, = [Rs] +R,, +1 2p12 2 |~ 2il 2Il 2
w Clepl 1l+w C(”Rpl
(4)
R . wC R
Z,= [Rsz + 2p22 2 |~ ;2 2p2 2 (5)
1l+w Cdszz l+w Cdszz
A, 1
Hrp ’Rpl = ST, Cy =B/S,R, = 0_72“8]’]{& =
P1 Az 1 NN
R sz Cdz =stz ,Rsz = »P1 j‘:f(fﬁ)?:

TS, o J2mS,
2N SRR T W A B DO VA ALY A )



56 1]

e SR YRR TR 7 a S| R S E BRI N - 113

= (2) T (3) A (4) Fi=(5) FPEPAT
THE G B R BHAT Z, TS 2 ot — 1 K — IR
JHE 2 — Bl H— e [ A HL A

]=Zl i‘]zﬁRb (6)

MIRTEATE T B 2 R €, Cpy
51 1 L R AR FR R AN FLRE R, B R RS HL IR
AACFR NS AN R I S AR K R A
VIS S 2 sl 3 ol A0 H 3 (55, B R Sl A
GRS
2 HIEBBrFENEERSE

S W T SN R R B S s B ]
B IE S 8 T A SO N 55, &
AT A A ) O Bl A i 37 7 AR R R R
— MR ) R R EE R N 4 FR

R R R R
w sttt R
<> Bx_ : AR —

4 A L
Fig.4 Circuit diagram of the ship aft end structure

H &1 4 AT, PR AP v U 28 2ok R A i mT DL de ok
2 ZR AR IR IS 7 , A 220 W DRl P L, AR AR 19
il — M AERCBRE R, FTRE R i 22 L B IR OB O 25
Heo E 4 PR SRR R, W RN -

1 _ 1 1 1 + 1 (7)
Rb Rﬁfn&h?ﬁ RE#EN& Réfﬂﬂ%f& Rﬁ%j}%ﬁh?ﬁ

SCHRES ] &ty 2520 Il % v e B A 285
Fh SCRR[ 8 ] R AT, il 2 2 (Al M T 26 ) £ R
BELEA /N T H A E A B . EDA R, = Ry »
1 Ry, DB I P 22 I 8 ik R BEL R 32

— i PRI R K TR S, =2500 m” , BEiE
Y S, =60 m”, Wy S SRR L5351 R B 4
BFIEE T, Z AR IR Z LR, =0 Q)
FUK SR o =4 S/m,R, =0 QO KIEFE 1 i1
A ) 5 Sl AR T B BT 2 A S8 KR 7,
K SE7R o

HIPE S Al 1, AN [RS8 4T [m g BEL T 19
BHAELZE K T APUE, & 5 B IR = L R, Y52,
LB E— 2P A Bl o R T 41
SRR )~ 4 L TR, — AR, TR, =
20 mQ, i 5h ZHCR 10% ~30% (fh 705 5 R
ST I 7 Bl AR BOR R, BAR Ak L BEAE

159
158
157
156]
155
154
153]
152
151

15
149

08 ¢S

06 E

ReZ/mQ

0 5 10 15 20 25 30

KIS AR[Re s T B bTE

Fig.5 Impedance values at different rotational frequencies
AR, = 2 ~6 mQ, 1% 3 it BEL R W S 0K T S T XL
HZIAETUE. J350, Tl K AT TR Ak
JE R -k B 2 S BT R I ] AR | PR
FEAERR R BB R I AP Al C, i
W/NT AR, o L4 BRIy B el g, R 2 R
BRI EENER

3 ASG RZ[FEHH

1% 2 1 o0 B TR, Bt e 3 32 22 R -
M 25 A5 F L Rt ) 60 ¥ 42 i v BHL R 32) 189 3
77 A, B9 T 5 D/ ol 1 2 [ L7 22
B AT F, 5 5 00 AT A A o A
BeA PEAT I b B I i, ASG RGN IE 6 s (1
JEER RIS T4 3 B AR 37 R ST A ) o
6w, PNP = A 45 Jhc S5 A 0 3 A3 1 L s 22 O
Vi HTC AR 18] 1) JE b B 32 228 K 5 2l
AIATSER AL V., B Sl A A 7 8] 1R 25 30
BH% R, HLAL A 1, e AN BRTE IR =2 8] ) T K HE
BH R, BN 1, , A W ICORAR ) ELY 4 o

FEBA 1% ASG ZHIL R, 22K, =1, 22/ R,
ERYRFEAR N,V ZERG Ry A8/ 1, =1 2R RV,
AN, T AZ A I Ry, A8 W K 7= A T A2 1Y
L.

Ko FahihiZib ARG mER
Fig.6  Circuit diagram of the ASG system



<114 - ES R s N S S

41

TEIEA ASG J5 ,ASG R GtiH i il L 1y £ i 35
A VR VSRR AR ORI, 2 ] R 3L 5
T Ve B Ly, 4y 80 75— A i PRIAE A
SEAMRRER Z 0], 25 R, 2K, 1, 22/, V, ZER A,
Ly 8K o Ry LRI K, (45 V, 28/, R Z
IR BIE ASG R BHE T, 1, =1, +
1 FEARHERF AL, (98 7K Hp AR AR F 1 37 14 il 4t
PBh s, BAARHE T B WCHR 9 ]

4 RIGIIE

4.1 MR

TR TR Y 32 S e 2R G I AR AL
AIPERE , B SCHELT 1 520 S IR B A 46 LA R
B WRAERE R R R 2 A, SRE S AR N AR T
R A o e I 5 5 4, ASG ZR e i i
SRR R TR A 5 I A e, SN e, Y B AR £
$ (Impressed Current Cathodic Protection, ICCP)
RO BIBAN R HAR R 5 mm B4 A, BIBAR 3
FRGETFIE I, LR A 3 1) A il B BH AR — 7 K — 1R
Jied— KA — il — e o

ASG RGLIFa T , AL 3 XFIESZ Ag/AgCl
R A (X FR AR P B 2595 10 e ) 00 e 7 28] F) el 451
LG S & 7 B, g, B K IR R
100 cm, {407 7K 15 cm, i 7K B %k 3. 87 S/
m, ICCP L iy 5o 1.2V, il B BH AR At Pl 0
10 mA,

|E)/ (mV/m)
coooo
S = N W s W

(=)

20 40 60 80 100 120 140
t/s

(a) ASG RGEHKH]
(a) ASG system closed

~ 0.05
£ 0.04
£0.03
= 0.02
001

0

0 20 40 60 80 100 120 140
t/s

(b) ASG ZGH A
(b) ASG system opened

K7 ASG ARG TS A S 5
Fig.7 Shaft-related electric field when ASG system is used
M T AT LUK B, 15 3 3 il 122 3 2R ST 0T )3 il
Ja AL I S YA ORI EE 81N, DL AR GET

e I A S 5 | E A 4% W (R AR
VN, AR RCR B E) 90% LU T
4.2 ZLARALE

H T EUE ASC RGERIBER, /3 i TE R
ML AT SN, TR HIE ASC RGL A
RVER [ B E ST T ASG RGN i L 1Y
SR, B DR B o A TR S X ASG 22 &t
TR (FR LS 5 55 6 1) .

TG A T SR R AR AR A i v i B 5
BT, A e i B AR DR A7 i tE R R 3.6 AL 22 1
HL AR 3P B A g — 950 mV 75 A7, W8 it S s 5k
140 r/min, & 8 & ASG RS IT /R RiJG WK T &
—E R MK T HRIE S, Hh, ASC RGETF iR L
VEMFZI2 75 s &l 8 AT A1, ASG RGTTE ) , BE
AR 15 5, LURAE 5 £, il -
WEAEPEAY , S HRISCR AT 35 85% LA |

0.4

o
o

E /(mV/m)
=

s
o

S
=

(=]
%3
(=]
S
(=]
[=))
(=]
®
(=]
—_
ol
(=]
—
%3
(=]
—_
B
(=]
—_
[=))
(=]

K8 BN HE ASC RGUITA A
H—En B IE S
Fig.8 Electric field when the ASG system is

used for vessel H1

e ZEULIH 2 , X T3 2R sl LA
T A AR L 3, A B 3 R 2 ASG
ARG AL AR ZEE ASG R4E, 3 ASG REE
AR ALREW /NG A ASC R GRS Sh51E
F18 S Bl P 3 S TR P 3

LTI H2 (9 ASG REL ARG Y
BTSSP 9 P, Horp, MU 1ICCP R 48T
PEAE A SR BT AR A - 0.8 V,
Al B e Al ASG R GERY I A I 2 7350 0 33. 4 s
F169.3 s,

HIFE 9 R, fE A ASG RGUIT A e, A
P AR AT Fi, A0 81 A SR A AR, T 7 B £ R 0T R 3 40
REANAS ALl ASC R IR IR, 7 BE
RO A A ol )RR AT HEL o

5 ASG REXFHEZHIFZMS T

& 2 B, 72 ASG R 5 TAERG G, K
MEAS LI L, i B,/ (R, + R) B E/R,.
fE AT, 2 R, BRI, ASC RS LR,



56 1]

e SR YRR TR 7 a S| R S E BRI N - 115

60

40

20

L/ A

0 20 40 60 80 100 120
t/s

(a) 7t
(a) Left shaft

IR/ A
g &

0 20 40 60 80 100 120
t/s

(b) A%
(b) Right shaft

B9 ASG ARG ARG R ifE 5

Fig.9 Shaft current when ASG system is used
P80 K LI 1, 3K, RPSSE S L i K,
HTE I E S 1 R 2R TE O IR e S, It
GifE 5w K S ERLT , SEMTAY g S
BH(R, +R,) AL E ZNK 2 JLRK, 1 8% 2 422 Hh e
FHAS &2 20 mQ, RIS R T ASG RS )5, sl il
Pedb RSB R 0 Q B, X6F 1] 1 £ 3 L B 5%
M) AN, B [l % ) R AR AN K, B T L 1 72
PEAS K o HA7 85 ol s 22 G ) 0 o 2 e BELAEL
R, 8K, ASG R4 TAE)G , F5: Bl v i i B 2
Sy NINTES &2 G HEER 78y N

Bl 10 fron i s ALy H2 | ASG R4 T4E
HIEHK T 35155 « o0 s il Rk, Hod IR
TPEP LSRN 5 He, M N B E Y
W, IRy 8.6 m, DA 10 HhAf & B, X4 ASG
R LA, W (5 SR 206, ki (5
SR — DR TR R, D A R A R B, O
B R 12 A LR 16 A A S e d i
il -0.8 V, Al 5t iy ol s i BH R, + R, =

1

E /(mV/m)
: =
n_ o U

2 l
15 —ASG%§
B /" = ASGTF
0 20 40 60 80 100 120 140 160 180 200
t/s
E 10 RAIEMAT H2 ASG R4 L1ERT)G
KFHEGES ~ i

Fig. 10 Underwater electric field x component when

the ASG system is used for vessel H2

67 mQ,R, ~17 mQ,

A IRV A b SR RE R, B(ELAR X
T R, K ,ASG RG TAFIG , ¥4 T B0 g i Fi i
H(E5 1 K )R Z, ASC RS g Ja % i 3
IS AN K

6 ASG RGtHHAEREENZINESE

M ASC RGP EE L, =1y, BT IRIERSE
REAZ PTHE T1E, ASG RS M4 i HL IR KT ASG
ARG TAE A ARLE T 1E 5 SRS T i A IR i
AR R AL o 52 AR AL A 7 i Sl H S 32 B PR A
RGE TAEIRES SO 8 55 K 3R 1 52 ) 3 3ok R e
BRI AR o STk i FoR 22 BN
R, T AT IR AR F A R X ASG 2R S
H FEL R R
6.1 ARGRIFEBAL

VAR S0 A T SRR R R e e A A
FETE AR B 2R R R, n R 2 R
e 55 Wi 2 22 ] 1 K F BELELA B3 M ASG R 48
AR AR IR 671 2 F

U/\g//\gCI - U]
fa (8)

s Uyyage J PR3 A 3 2 (EL, BUAE Y B
1.0 ~ —0.8 VR, NURJEIFNZ: b HL bl 2 8] (1)
MK HRH; U, IR RN . T IR
A0 T IR AR 2, A7 (B /N TR 22 1 B °F
iy HL B R AL, THAR AR PR A 2k F AL, AT AR i 2
R AL fE ( —300 ~ =200 mV) A B AR AR 1k
JE W RAAE U, o

A2 (8) AT, ASG RGEH 4 L 52 1k
HLBR A DR 3P H 1B %% DDA O, B A DR 4P
PR RS , ASG R 5 1) Hh F T K I S 3 K
FHNASG RGT R JE , WA AR R R 5
P4 LT o IO B T AR AR R G i i el
TR T PR IR E A, 8 T AR B A, 24 ASG
ARG TAEG , S0 5 1m] f 1 v BELAEHE 0 /)N, F T
T2 AR 3P H I 3 o R 2 R TR A e, DA T
SO A E IE R . IS AT H2 A0 T A4k
FHAR BB AR 3 B, ASG RS TF A I , M A v
S HL AL - 700 ~ - 650 mV AR fL K
-536 ~ - 535 mV, [fij B S AL AR A HL A7
690 ~ —630 mV 254kl —509 ~ —508 mV, X1
Bl ASG ZGIT A e, B2 WL T ) T UR e .
BRIG AR H2 SR AN [5) B AR P47 (G A
5 1CCP B A B ) IR 1) ASG R 48 T 1Efi i

I>1, =



116 - B Bk o 41 %
HL I L 2, 24
23
&2 HIEALAR H2 REPRE TR ASC R TIERIH RIR < 2
Tab.2 ASG system output current of vessel H2 =
under different states &
20
ﬁﬁ‘ﬁ/ %?FEE ICCP EE‘J}%,/A ASG %AIJI'IE[ %‘]}ﬁ/A 0 100 200 300 400 i;)g 600 700 800 900
kn fi/V ASG % ASGH AR A (a) Zefh ASG i Hh AL it
0.8 3 19 s 20.9 (a) ASG output current of left shaft
22
5.8 -0.9 22 34 25.0 23.2
-1.0 37 48 27.3 25.5 < &
-0.8 9 20 23.3  21.8 REC
13.3 -0.9 22 35 25.4 23.7 190 100 200 300 400 500 600 700 800 900
-0 38 50 282 26.3 s
(b) Fih ASG i th L
-0.8 8 20 24.2 22.6 .
(b) ASG output current of right shaft
22.5 -0.9 23 38 26.8 25.1
' A ) | ) FLL il AN R A4 1 ASG R Sk i
-1o 0 > 30- 8.0 Fig. 11 Outputs of the ASG in speeding up period
. 1 s 24
1% 2 ] 9 OFEAH [RIE A5 T, Bl f ”
AL RS, ASC ZR G0 M B AR 47 2R e it r <
IR, HAES Rzl - 0.8 V & :21
R -0.9VEI-0.9 VAR -1.0 V i}, ASG
20
%%ﬁﬂj %?ﬁ&m*&%?}ﬁ%é‘bﬁﬁﬁ %?ﬁﬁgi%% 0 100 200 300 400 f;)() 600 700 800 900
& OV STAY B VA IR
?IK ﬁ@raﬁgmxm?mb %ﬂ\cfﬁﬂﬂéj‘dt‘?%% (a) Zehl ASG it Hi3E
VAL, 33X o v 1 R AL ASCH i o R IR T (a) ASG output current of left shaft
PRAP B SN I A — 70 Pl U 36 3 R G R % ] 2
70 5@ PR AP HL A AH S5 BT G KB, ASG R4 o
PRy PR O D TR PR 2R e i 1 P DR R KA £
20

Ak AU T ASG ZR G0y e IR S
KEAK,
6.2 fiiE

¥ 2B BRI X ASG R G S HL I
(A5 M), 2 e B ) A, % i A A H2 7 ol ok
R AHFE B AR R ST, IR AT H2 g
M 2.1 kn 284K % 18.4 kn BF2235 0.5 Hz ({%E
UEIE S ASG RGuWk AN 11 FroR, Hordr,
1E 488 s I, i 2 18. 4 kn, AH[R BRI RS
AT IR H2 P 22 kn [ 2 kn B,
ASG RS 4m th FL I A & 12 Fros , For Jsek B
Z) 0 620 s HE 11 RO 12 A1, ZEAH R EIAR OR
FORASSFAET ,ASG F Gk th Hi, Ik Bt & At 2 1)
TR WA HG 0, B e B AN R

i Nernst-Plank 77 2 7] 1, M8 5 55 958 € 2% #4)
G R AR PR AL 3 ph AT AR ORI g =
P s LA R i 4 v A 2 e AR O A S

190 100 200 300 400 500 600 700 800 900

t/s
(b) i ASG fii th LA
(b) ASG output current of right shaft

12 A R A T 1 ASG R Gk

Fig. 12 Outputs of the ASG in slowing down period
HL A 2 AR A, JH Al T8 o 42 o4 1) s 2 e R X Y
SRR AL o AL V6 7K H LA T ST AU S el oy
W AR Tl E T K I S VR P AR
W AR ) ok P A e R Ry AR Ak
YA S A T I, 2 R B K IR R (AR
L S RES IO R RIS, TR}
WAl L B AR PR AN A, R A A L BH & A A2
16, H TR Ak L B A U 22 L B AT K FL R NS 22,
PRI A s A2 B B b AR 577 P S AN R A K
U B ASG R S0 119 £ 48 F ALK A e 2 W



56 1]

e SR YRR TR 7 a S| R S E BRI N - 117

AR ZE AT AT, ASG R SR B 3K L I 5 B AR
PRI R GE I PRty vl (57 (B3 DD AH G, T -5 903 5% 3%
Z:jto

7 #ig

FEHLE AT I SRl 1, A AR T 3 32U
Pe b AME R G IR BRRENL, I AT TR B0 50 0F . 25
R BT Bi il 1 Sl i b D 2 R SR R A AT AL
b T B B R R B 22 )42 f b BEL A% £ 5 |2 ) B A3
B ES, IHI SR ATk 90% LA |, H ASG &4
(18 Foe KB P O 5 B AR RS B DDA G T
TR SC R AN (R BSF, 22l b S5 255 r BELAE [l j v
1 H Bl K, ASC REETT A 5 , K 3 B i
SEHEIN X AN RUAAT ASG ZR 4 A F i 24
FE T A

22 3R ( References)

(1] M, 28Ut WAL M. Jbat: Jeds Tl il

i, 2007.
LIN Chunsheng, GONG Shenguang. Physical field of
warship[ M]. Beijing: Weapon Industry Press, 2007. (in
Chinese)

[2] Dymarkowski K, Uczciwek J. The extremely low frequency
electromagnetic signature of the electric field of the
ship[ C]// Proceedings of Undersea Defense Technology
Conference, 2001.

[3] Dymarkowski K, Uczciwek J.

measurement

Ships detection based on

of electric field in disturbance existing

region [ C]// Proceedings of Undersea Defence Technology

(4]

(5]

(6]

(8]

(9]

[10]

Conference, 2000.

Hubbard J C, Brooks S H, Torrance B C. Practical measures
for reduction and management of the electro-magnetic
signatures of in-service surface ships and submarines [ C]//
Proceedings of Undersea Defense Technology Conference,
1996.

Birsan M. Variability of ship’s electric signature during the
RIMPASS wial [ R ].
Development Canada, 2015.

TR SRR A BIARAR A T B AR B R 9 R T e
FE[D]. dext: dbaifb TR, 2013.

ZHANG Li.

performance of zinc-rich coatings on steel [ D]. Beijing:

Canada; Defence Research and

The influence of cathodic polarization on

Beijing University of Chemical Technology, 2013. ( in
Chinese)

BOFRE JLAN A R )2 0 R0 AR 1 A AL 2 B BT OF
FEID]. dEat: JERtb R, 2009.

JIA Fangke. Investigating the failure process of several marine
coatings by EIS [ D]. Beijing: Beijing University of Chemical
Technology, 2009. (in Chinese)

Howard L. C, Ballston L. N. Naval electro-chemical corrosion
reducer; 5052962[ P]. 1990 —10 -01.

W, S, A, A BET FahUER s R g
AR AR ik ()] W LR R E 4k, 2015,
27(1): 64 -67.

CHANG Ming, JIANG Runxiang, ZHANG Jiawei, et al.
Characteristic of ship’s extremely low frequency electrical field
study[ J]. Journal of Naval University of Engineering, 2015,
27(1): 64 -67. (in Chinese)

B, AR, BRES. Wikl E i (ML deat: i
Tolk s iRt 2015.

JIA Zheng, DAI Changsong, CHEN Ling. Electrochemistry
measurement methods [ M ].

Press, 2015. (in Chinese)

Beijing: Chemical Industry



