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Corrosion Simulation on Navy Equipment

FENG Yafei, FANG Zhigang, ZHAO Yi
(Unit 92228 of the Chinese People’s Liberation Army, Beijing 100072, China)

Abstract: Equipment corrosion protection can reduce the cost of equipment maintenance and the impact of corrosion on e-
quipment safety and combat readiness. Natural environment test, laboratory accelerated test and simulation test are the three
most important means for investigating corrosion and its regularity of materials and equipment. Because of the advantages of
low cost, short time and application in complex systems, simulation test is becoming more and more popular. Foreign coun-
tries have developed many numerical methods such as finite differential method, finite difference method, finite element
method and boundary element method, and established various corrosion databases. Our country has also carried out decades
of accumulation of natural environmental corrosion data. Corrosion simulation studies have been carried out in missiles, air-
crafts, ships, etc. However, there is still a lack of research planning and evaluation systems. Also, simulation accuracy and
reliability need to be improved. In the future, equipment corrosion simulation test should strengthen data accumulation and
standard development, and develop towards the direction of full life, whole size, interoperability, credibility, reusability and
big data mining.
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Fig. 1 Potential distribution diagrams: (a) propeller, (b) bolts

2.2.2 #HE b BEEFLEMEGER R GADL

KRR, XS 32 8 il i W 2 SN A
ShEFgTh IR, WA R, AT SR DA R A BH A 2 1A
AT UL 2, IR BT R AR G bR
RAS, ALV RIE I R ge, BEAEE R R, R —
E WA T RO 140 A S APPE B AR (T Tl 5 4F)
X AN [ PR Fi 2 B 1 R A Fl A 3 1Rl 1 A2 b e B e A 7
T, R8T B2 NS5 IR LR I R G e S
B, WEWT TR R G Re el 12 A R AE 5 AR
LRI R AT R A B BT RS

P2 WA LR AR ST AR g e (3 43 A 2

Fig. 2 Protection potential distribution of submarine superstructure

surface >

2.2.3  GbEMAEMMARY F ABEM

% TR FMIUA IR S LS A B JL RN By I8 U4 )2 45 3 1) 1
R, SRR TCERL T 8 A S M AR T R 4P v 037 53
A7« AR L A AR A B R
EAAURAL TSR BB ORI R GERIBETT, e B T A A
PRAPOIRAS TR BH DR AS , BE 1 08 FERR 54 A A0 BR
PRRR, PRI WA 1T 194 DR FiL (57 A 25 o T #8
A TAREAEIEI, Bf R A A £ 18 P 723 iy P9 R MO S £ 5
JEEHE T

IR A7 AT TR 2 A R SR B, RT3



182 Hh A ki

39 %

YRR AR PRI, HAE PRI, XA [R5 4 ik
AT I P RS AU O 2 S Bt ZERADL A (R A T, 4% 5 0
W EIT s T 25 R A HOSL I IR B, 3
FEST BRI E A A6, e . X T RS
AR B 2R GEEA T AT FE R i ot ik BT, B
N TR SRR A TR XoF AN ) ) 5 B el ) LA A AL
WP ST A5 A S B TR, ool v A b )2 e 45 140 g
PP R GEBEAT R, HOCHEMEA 3 5. D Rk
SEONE” RV RE, AT A 2 T R A A P AR I R £ AR
AR BRGSO RS Ok A PN, — S T
Jege B AR e PR 21 | & B & S XA R HL
Hh R R B 5 — R T R R T TR 0 £ 7
S RS BB T ROCR, X T Rta R & Y
TRAE Z A1 A T R I R IR S I, o SR T JR AR 4
THYIET . @ WAL TR K LTI R I TR L, 24 A
PR IETAT I, A B J A A0 06 A BE A 2R 8 2k A,
T P08 ) 2 A BREE 2 T i 4 4 = T ) JE bl el , A 1A
U % SR VS FHE V7 1 7K TR AL A B 0 T e iy, 204 A K
AT, R BEAR 28 e 5 B AE DRAIE 2544 3R i Ak A AR
PORZS BRI, 7RSSR FIR R RZ” . @ e
RIS, A BER: 2 48 A A1 fe 45 4 3 T A Jey 8 X dmk Ak
TRRIFORA IS, bR B TR R B o A, B
2 PRSP AR SN T R R 207 24, X B
eSS O B R b vE s 3 N DB~ it S I 7 R4
I 20 A48 2 g (G T A8 I A 47 2R 9 ) 5 i S A6 Y
SRS RS, W] RARE— 2 R - o B Bon” HoR
S LIE B BRI 5

3 M|imauBk

T CTERRE . S5 H 5507 T BEAT 1 Rk B ol
BRI TAE, R T RENEE,; RSN RSER,
RARGPTEME T, WA T —LERMLR, H5H
SMALL, JIFERLE AL

(1) JE il 5 B R R i ok = 42 Jmy MR, 45 AL A
fild . BARMVE S =, JE 7 BRI Z . o0 A
Bz A AR IR GE — b o e 2 BEA AR S =2 4L
i, KOS FE AT AR R AT ;B Z AT, RREETT R i iy E
AR BRI R A AL, An o AT ST B
Jrid . Bk | R i Ab SENLE AR = MG Y
D EGREAEAN B EAR | Tride . MESE

(2) BRI =, ME LA SCHE 6 il BT S0 0T e, 24
KA LR T — L8 [ SRS B b, (3 2 b
Kz MM WAER G, CA Bs A e
P ol 5 P RS A B S A A T T JR e 4 e

DFETAER® 2, Heoh, WIS R RER A 2T, A
ML I W T PR S TR M, SEOCIE SIS
Bz axifn, ARG, MUIERY A SR B PREE Y 2R At o
SCHE, TSN 2% A T T AT SRt — B IR AT R Y
REZNER,

(3) D7 ORGP AN AT 5 BE A R Bt e o A I by A4
DI, R I R LB AR R, 2D
e i FA R BT SR

4 KREWHR

XTI O AR B R R, NEE 2 &
Rob | BEAEE . ATETE . 5 R R B2 4 64 77 1)
K, RO HE—IRLGE TR, N ARGA )y T
JERBTE TAE, WAPBZOT IR, B2, &
G, mATIAETY | SRR RS R, T
I ARCIERITEE RGE A AR, It
AN 2 G ) LR AR A R A T DARRAR AR | 5 4 A
IRPTE] EARS 07 AR AR S &, T LU 38 07 5
SRR RS PERI N BE ST
4.1 £FH, £RTEESHE

JE& 07 ECREADLAE 5 B B 2 2 2 9 A AR I, AT
wlE R e, . ekt Atttk T, Bt
RO o 5 FLLN 8 ARG BB 14y 325 1)
ARGES , WA T, AW R b 5 FH AR 59 R
W, RASHERY, 2R, 2R 2R R
ARG G P e T, A N ok () LR R AE TR L R
AR S
4.2 MEEESHE

PRI E AT R0, PRI A ) O
RALLIR R | W . RAHR 2 E N BB F SRR
25 [ UCHAT RO | e8| 238 — S Bl
AR ST S5 L, Dy [ By B A B R BE A T Y
PR SR (1 S SREE 0T B AT ST S
TR T LRa A ARPR TR | BN {7 FCAY BB
FIEVE S EAIE, AR PRI R A R 0 R AR
HESRROPE A, BRI EUR IR | W 5 54 s PR ol
JERLRL
4.3 BHESTUEEHERAR

PrEAE R A 2 br, SRR RITZA
B EARRAR i 7 B LR IE, X5 45 I ik i 7
HE IO S, 7 H T {5 BEH AR R R i 35 R R A T
SR B AR GE A R A AZ | SRS B A A A B L K
FEII AR AE (S iR 5 R s A A B e 2 J LA I
4.4 ETEREMBERHERR

AR 0 b 0 0™ AR Y R B A R ) R RO A



o533

ARSI HEARBUR | PR R

183

P, SR RGBT A7 AR 2 ORI X
AGE—AE R, FH X RBEFOR 5 R BRI ZE 5, B0
TOREE R AT, SRR AR, TRAN TR
P NG — Bk = A RO AR 8, N 7 R
PR PR A BRI T — T R

5 B 2

N TP R R IR T AR, AT T
AU 0I5 ELACAR B2 4 J3 ik 0 T A%, R 2L LR LA TS
[IES=E

(D) MR AR R | 7 B R SR i, AR X
JEEEE R | A S AT S g —
WUE ; MG B SRS S0, (AR iEfL, DU ST
ARG MLV % A I e R 5 A ST ok R Y 2
TRFETEALE], A [ S et i dis ) 552 SR IBCRIRE B, ek
DAL TRIIR 9, O B 5 A 4 AR G e Kl
JESRAERER RO SO @S T i B B AT S 4P HL
PRAERCHR P 1 1E % 84T, I ELOH SR 2 R A T 10 4 4
T B A FERT A T R AR, R B T B )R, L
DRAIESE 25 68 T B3l 2 1y v f A R 2

() TR A B B R G 3l b, BEATAZ L K
MR GN , KRR, TR
WA B BORIR R, 8o R R 5 5 S PRl 45
AR DGHE , B2 D LAY AR EE ™

) TEFESL T R GeAL . RS AL b Bl e s, B
AT PR 2008 S A T e R 9 S R, . IRBEREE . T
MR WorsE, R RBAE T EOR, FES
JEE TR P, S ST A TS R T Az IR AR A i B £
B, DA A2 28 F) 5 ok 1 BE A PR SR AA LA e %
HoRR AR 3 A HEAT DR T, I b 7 B 45 (0t o B A 4
SVED

S%E Bk References

(1] ZEAEd:, BobR, EUMC, % REIETR(T], 2006, 3(4):
70-73.
LI X B, CHEN G Z, WANG H R, et al. Equipment Environmental
Engineering[ J], 2006, 3(4) : 70-73

(2] OR%E, T, VP9I, 45 BERIMETIAR()], 2007, 4(3): 91-
97.
ZHU L, WANG L J, XU M, et al. Equipment Environmental Engi-
neering[ J ], 2007, 4(3) : 91-97.

[3] ZAMANI N G, CHUANG J M. Optimal Control Applications &
Methods[J], 1987, 8(4): 339-350.

[4] STEVEN HOU L, SUN W. International Journal for Numerical Methods
in Engineering[ J]. 1994, 37(16) ; 2779-2796.

[5] TREVELYAN J, HACK H P. Analysis of Stray-Current Corrosion

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Problems using the Boundary Element Method [ M/OL]// Boundary
Element Technology IX. London: WIT Press, 19%. 347-356. https: //
www. witpress. com/ elibrary/ wit-transactions-on-modelling-and-simula-
tion/8/11225

DEGIORGI V G, THOMAS E D, LUCAS K E, et al. A Combined De-
sign Methodology for Impressed Current Cathodic Protection Systems
[M/OL]. Boundary Element Technology XI. London: WIT Press,
1996 335-345. https: //www. witpress. com/ elibrary/ wit-transactions-
on-modelling-and-simulation/ 15/8745

TERTT, PMVELL. ESMIAT TRE(J], 2005(4): 44.

WANG X Y, SUN J H. International Ship Engineering [ J], 2005
(4): 4.

XIWETr, WOlEE, TO, % JEMAESHHPEARLT], 1998,
10(4) . 141-148.

LIU X F, HUANG S J, WANG H G, et al. Corrosion Science and Pro-
tection Technology[J], 1998, 10(4) : 141-148

S, RESE RRIEETARLI], 2011, 8(1): 42-47.

WEN B W, ZHU Y Q. Equipment Environmental Engineering[J ],
2011, 8(1): 42-47.

XUk, Z5, AN, FREIRBTRELI], 2014, 11(6): 124-
129.

LIU J, LUO Y, ZHOU Y, et al. Equipment Environmental Engineering
[J], 2014, 11(6) : 124-129.

FOURE, kR, MEe LT REZARIT], 1995, 22(2):
71-75.

WANG G Y, ZHANG G Q, ZHENG X M. Journal of Beijing University
of Chemical Technology[J], 1995, 22(2) . 71-75.

Foumg, sk, SR, 4 RmEEII], 1995, 9(4):
7-10.

WANG G Y, ZHANG G Q, ZHENG X M, et al. Total Corrosion Con-
trol[J], 1995, 9(4) : 7-10.

JHALE, AR, U, . R E R[], 1994, 40
(1): 68-72.

QUZY, LICR, WANG G Y, et al. Journal of University of Science
and Technology Beijing[ J], 1994, 40(1) ; 68-72.

ZEUbE), IR, XIS AL S EOR(T], 1992, 4
(3): 200-203.

LI H X, ZHANG S Q, LIU S R. Corrosion Science and Protection
Technology[ J], 1992, 4(3): 200-203.

&, IS, BoCE, & mERESHIHARL], 2005,
17(6) . 422-424.

DENG C L, SUN M X, LI W J, et al. Corrosion Science and
Protection Technology[ J], 2005, 17(6) . 422-424.

PRER R, BZLH, LR, 5 RS SHR[I], 2017, 12
(4): 210-215.

CHEN Y L, ZHAO H J, WANG A D, et al. Failure Analysis and Pre-
vention[ J], 2017, 12(4) . 210-215.

TR, BRERKE, K55, 45 KA TRLT], 2017, 14(3):
39-46.



184

Hh A ki

39 %

[18]

[19]

[21]

[22]

WANG C G, CHEN Y L, ZHANG Y, et al. Equipment Environmental
Engineering[ J], 2017, 14(3) ; 39-46.

TR, BERR, 5Kk, 4 MRITASRALI], 2017, 32(1):
80-88.

WANG C G, CHEN Y L, ZHANG Y, et al. Development and Applica-
tion of Materials[ J], 2017, 32(1) : 80-88.

oK, WA, SETE, AR BMSEPI], 2019, (7). 497-
501.

IEIB, HUS N, LU Y F, et al. Corrosion and Protection[J], 2019
(7): 497-501.

TR, Htp, DE, & PEIEMmSHyeAMT], 2018, 38
(4): 97-102

WANG Z H, BAI'Y, MA X, et al. Journal of Chinese Society for Cor-
rosion and Protection[ J], 2018, 38(4): 97-102.

X5, B, BRL BT L], 2007(11): 29-31.
LIU Q Q, HUANG Z B, LIAO Y. New Technology & New Process
[J],2017(11) : 29-31.

T ARSI YR R B A B DT B S Ak BT [ D).
YREE: WAREETRERS:, 2013,

GUO Y. Numerical Simulation and Optimization Design of Cathodic
Protection Potential for Ships and Marine Structures[ D]. Harbin; Har-

bin Engineering University, 2013.

(23]

[24]

[25]

[26]

[27]

[28]

e, Em%E, KR RGEPTEEMT], 2009, 21(19): 6029~
6032.

YANG Z, WANG X J, ZHANG M. Journal of System Simulation[J],
2009, 21(19) ; 6029-6032.

XU B, AN, Emg, & hEAATESET], 2018, 13
(S1): 185-191.

LIU CY, WANG X N, WANG X J, et al. Chinese Journal of Ship Re-
search[J], 2018, 13(S1); 185-191.

TR, XGEK. AR B I M]. JEat BB Tk AR,
2017 280.

FANG Z G, LIU B. Corrosion Protection of Submarine Structures[ M ].
Beijing: National Defense Industry Press, 2017 280.

JraERI, #— BRAATR(T], 2012, 34(4): 73-76.

FANG Z G, HUANG Y. Ship Engineering[ J], 2012, 34(4) . 73-76.
B, F =T AZME)], 2015, 34(7): 15-20.

WANG Y, CAI F. Ordnance Industry Automation[J], 2015, 34(7):
15-20.

B, R[], 2018, 39(5): 961-970.

CAO J G. Journal of Propulsion Technology[J], 2018, 39(5): 961—
970.

(m# & %)



