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Seawater pipeline corrosion monitoring system

based on AC impedance technology
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Abstract: [Objectives] The installation of an insulating spacer is an important measure to prevent
electrochemical corrosion between seawater dissimilar metal pipelines. The electrical insulation performance
of the insulating spacer reflects the degree of electrochemical corrosion between seawater pipelines.
[Methods] On the basis of the AC impedance technology, this paper designs and develops a system for
monitoring electrical insulation performance between seawater dissimilar metal pipelines. The system mainly
includes power module, microcontroller module, Direct Digital Synthesizer (DDS) signal generator and
communication module, and upper computer software, and the measurement accuracy is verified with
high—precision instruments. [Results] The results show that the electrical insulation performance
monitoring system has a high measurement accuracy, and the measurement error of the insulation resistance
below 10 M{) is within 5%. [ Conclusions] The electrical insulation performance monitoring system suitable
for both dry and wet states is realized, which meets the actual application requirements.
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Fig.1  Monitoring system of the electrical insulating performance

for the spacer between seawater pipe sections
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Fig.2 Hardware composition of electrical insulatine performance

l:

monitoring system for the spacer between seawater pipe

sections

2 ZEiRBLHLE AR TEA J A

EIS J2& — 7l LL/IN i W5 1 5% 35 HL A7 (SR ) A
PS5 5 B AL D7 ¥R o 3% N
PR 2 Bl ) FELAR 5 4R IR /0, B T 3 S ) T ol 1 2R
7 AR SENE  ALT fHIE Bl 5 06 A 2R 04 i
[T L 22 2P O 2R, 36 ol o6 300 45 2R 114 5~ Ak P
ARARTRT Ao SO B PTE R A AR R G Lt —
AR NI B IE SZ BB 155, i A B 2R 8 A i
NS EE T Z 18] A 56 R AT B AL B BT

EIS = 2] Tk 7¢ 46 J bR AR 45 Fh 30 858 v )
TS of P4 R RIS sk IR, T LA ] B 30 45 4 2% v, B A
TR B AR AL L BH . TS B4 32 B2 a5 2 X6 4 ] 4k
E R/ AN 710 a7 = A 1 ST DR S /R 70 U R 3:ER
IR

I 2R 58 0 A5 RO B B AN T 3 B s o B
R, NG HAE; ROAARE WAL C,
SR ZE . R 5 I RE 24 2 LU HLil , WE Ab 42
ICER A9 TAE R AR . HLBS R RE I WE P 3 A 25 4%
BHHT Z N

! R
Z=R +R,/I——=

R P 1
sCy T THsR.C, ()

¥ s BN jo A
R R
=R +—2L =R _+ 2
S 1+jeR.Cy T 140 RCE

2 ~2
oR Cy

J 2 p2 2
1+’ RC;,

(2)



543

5 I8 AR 45 + i T S U BE DB A9 2K B I ke

i R 5L 157

RE : WE
Cdl
GND

P3 KR B W) 2 2% 4 HhL 240 2 1 O M ) 5 A0 v A

Fig.3 Equivalent circuit diagram of monitoring electrical

insulating performance for the spacer between seawater
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Fig.4 Power supply module circuit
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Fig.5 Communication module circuit
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Fig.7 Flow chart of measurement system software
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Table 1 Measurement results of insulation resistance meter to standard resistance

HL B AR FRAE /L Q) FERL I 1 B s Al /e T E /O T3 TR K /kQ M5 22 /%
1x10° 97 970 98 390 97 030 97 080 97 130 97 520 87 350 11.64
1x10* 10 440 10 520 10 330 10470 10 460 10 450 9990 4.56
1x10° 1023 1035 1018 1031 1029 1027 990 3.81
100 103.96 105.00 103.00 104.35 104.10 104.08 100.3 3.77
10 10.336 56  10.431 75 10.236 14 10.374 23 10.345 46 10.344 83 9.978 3.68
1 1.03792  1.04790 1.02794 1.04191 1.03996 1.039 13 1.003 3.60
0.1 0.10192  0.10500 0.10300 0.10440 0.104 10 0.103 68 0.100 3 3.37
6 & iE B IE R T 7K A8 IS ol R 0 M T LA AR
%%x éé &i%'ﬁz% A ST A Y

AR ST HEEE XS H A S 4 S v K A I ) 4 %
O Bl = TR H 2 2% e M T A 2 LA 1
AR T2 BT R AR B Al T — K
ol <55 JA A I ) P 268 5 PR B MR T AR 4, SE B T R
Ak L B B9 S B 3 I E e s S R i
2t 2V B 1) 42 S L T 7K A8 B TUIR B0, % & AR
4 % VERE T B ™ H ) I KRS B B I SR RS it 3
e B AR, el 2D 0 7 PR 46 2 2 R L e 2 PEBR T I
R T T KA B S ol 4 i A 2 R o, A R i UK

VK AR 5 T ok AV ) R I L R DN RS R L 3k
B 7O S A 4 S v K A S ) 4 % 4R L 4 1 ik
W A PR, B B i S A A 15 AR
L) .

5% 30k -

(1] W00, 2R M, TRl IR T KA % B T T oF 52
[J]. P EMASIEST , 2009, 4(3): 74-76, 80.
Zeng R H, Peng Y H, Zhang W. Protection measures



160

SV

Wt

il 14

against erosion of seawater pipeline of ships[J]. Chi-
nese Journal of Ship Research, 2009, 4(3): 74-76,
80 (in Chinese).

WA, BBk, MR, & AR KE R
WUBS 73 B 5 2545 WAl 2 (1)L b B AT 5T
2017, 12(3): 142-148.

Yang G F, Qiu D F, Pan J J, et al. Corrosion risk as-
sessment and comprehensive evaluation of ship sea wa-
ter pipe systems [J]. Chinese Journal of Ship Re-
search, 2017, 12(3): 142-148 (in Chinese).

Zepon G, Nogueira R P, Kimninami C S, et al. Electro-
chemical corrosion behavior of spray—formed bo-
ron-modified supermartensitic stainless steel[J]. Met-
allurgical & Materials Transacitions A, 2017, 48 (4) .
2077-2089.

TRAEFN , AT, BEELAE, AL TR R A
HL A o R 2 A T ). iR S B, 2010, 31
(8): 615-618.

Zhang H L, Li N, Xue ] J, et al. Galvanic corrosion
and insulation control between industrial pure titanium
and albata[ J]. Corrosion & Protection, 2010, 31(8):
615-618 (in Chinese).

Song G, Atrens A, Stjohn D, et al. The electrochemical
corrosion of pure magnesium in 1 N NaCl [J]. Corro-
sion Science, 1997,39(5) : 855-875.

ETR, R, R, L LA RIR K B
Ji ol R AR R R B LT ). S i 5 B g, 2017,
38(1): 54-56, 64.

Wang G F, Dong C C, Wu H, et al. Corrosion reason
and management advice for desalination seawater pip-
Corrosion & Protection,
2017, 38(1): 54-56, 64 (in Chinese).

PRIRES, fT4M, BT, S5 o BELARE AT ol s I e AR
B R SRS RITT ). R 5B PR, 2017, 29
(6): 669-674.

ing in a certain ship [1].

[12]

Chen F Q, Fu D M, Zhou K, et al. Development and
application of corrosion resistance probe monitoring
technology[J]. Corrosion Science and Protection Tech-
nology, 2017, 29(6) : 669-674 (in Chinese).
EEA, &, B0, S a4 A IR HLBH
ST LGS LT]. BT R, 2017, 11(7)
78-83.
Wang G L, Liu L, Li B, et al. Study on measurement
method of AC resistance of overhead transmission line
[J]. Southern Power System Technology, 2017, 11
(7): 78-83 (in Chinese).
FoEt, BT, WO, AR B T BE T 4 OE
SR IR S B[], iU, 2018, 42(1):
20-24.
Wang X Y, Wei X Z, Dai H F. Control and design of
sinusoidal current source for on-board battery imped-
ance measurement |J|. Chinese Journal of Power
Sources, 2018, 42(1): 20-24 (in Chinese).
ZOKW, ik, REA, BT AR TIE Y
S v WL il 8 2 B A B2 W [T ). R A AL AR
2017(4): 10-14, 22.
LiY G, Wang H J, Wu Y C, et al. Field winding
short circuit fault diagnosis on turbine generators
based on the AC impedance test [J]. Large Electric
Machine and Hydraulic Turbine, 2017 (4) : 10-14,
22 (in Chinese).
gk, SR AR M. B ROH, 2 R,
dent: ATl th it 2012.
Yang L T. Techniques for corrosion monitoring [ M ].
Lu M X, Xin Q S, Translator. Beijing: Chemical In-
dustry Press, 2012 (in Chinese).
Plotkin E, Semenov A, Vavilov N. Visual basic repre-
sentations [J].

Computation, 1998, 8( 1):61-95.

International Journal of Algebra &





