5 49 R T [T /AR |/ R N NI N ¢ Vol. 49 No. S
2017 4 9 H Journal of Nanjing University of Aeronautics & Astronautics Sep. 2017

FMEREFMNEBARERNBRTHEREIE

FRAER BREKR' #HER' Mo HiaoF!
L. GBS 2 TR B 7 S XA 2 BLA &R 75 5% . 266041
2. RS T 725 i kS B b B R SRR R L 5, 266101)

WEAFEAMNEZREEEFEAR TR ARAE b rhd 5B E XA FREMR, TR EBFIHR, H
FRARE M3 A8 k69 % vh . A T Nernst-Plank F A2 fe i XU F &, A& MU B IR MABALEKE S &
RRERABMN, AL TRESBERAGG AR RETHEAAXRTERG ZRTHRIES &, SRAY,
Bl — 3B F ,ZL115-T5 %48 & & B 42k T CA1500 5 £ H4A B AL, £ B ABE 4k P A 5 P A & AR R JE 4
METBREEEN R, BB IEE T mE AR E S BB AR R T EALe) ZNEfe s A AR 4F, TS
AR A R AR A A T .

KEBIWF:FAEB ;BB R TR

FESES:V252.2 XEARERD A X EHS:1005-2615(2017)S-0062-07

Boundary Element Simulation and Verification of Galvanic Corrosion
of Dissimilar Metal Structures
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Abstract; After a long period of service in the marine environment of a naval aviation equipment, the alu-
minum alloy shell would connect with the naval brass rail, thus leading to galvanic corrosion. Effects of
different conditions on the galvanic corrosion are studied based on the Nernst-Plank equation and the
boundary element method. The geometry of structures, the polarization data of materials and the prop-
erty of electrolytes are regarded as the input data and galvanic models are established for the bare elec-
trode. The laboratory verification method for the validity and reliability of the model is explored here.
The result shows that, the self-corrosion potential of Z1.115-T5 aluminum alloy is lower than that of
C41500 navy brass under the same condition, which plays the role of anode in galvanic corrosion. With
the increase of electrolyte concentration and film thickness, the galvanic corrosion will be more intense.
The test value and simulation value of the galvanic current and surface potential on the bare electrode agree well
with each other, indicating that the corrosion boundary element model is effective and reliable.
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Tab.1 Chemical composition of Z1.115-T5 cast aluminum alloy and C41500 navy brass wt %

Mg Zn Sb
Z1.115

Impurities
Other Total
S ] Cu Sn Pb Mn S J

Fe

4,.8-6.2 0.40-0.65 1.2-1.8 0.10-0.25 Balance 0.30 0.30 0.10 0.01 0.05 0.1 0.8 1.0
Sn Ni Fe Zn As Impurities
C41500
69.0~71.00.8~1.3 0.5 0.1 0. 05 Balance 0.03~0.05 0.3
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Fig. 1 Flowchart of corrosion model solution
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Tab. 2 Simulation plan of bare electrode

. Chloride ion . Electrolyte film
Specimen . Conductivity/ .
Status  concentration/ o thickness/
number . (psecem )
(mol+ L") um
L-01  Bare 0.05 1980 13
L-02  Bare 0.05 4 980 45
L-03 Bare 0.1 9 600 13
L-04  Bare 0.1 9 600 15
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Fig. 3 Schematic measurement equipment

56 UE 15X 560 M AT T A e A A T — i R Y
HL A S o A R E A BB SR AL 2 Nusselt £
U R 1k K 28 TR 8 P RE 2 R RS B
e P BHIEARAY | JHARE R ] I T A R A B Y
- BE CIRE FA D7 BE ORI BE 6 T A v SR UK RE A
B AR B RE R ) o WO ) 5 WL IR 4,
Jey v IR JRE AT AR AR 3 (D 35

K AL R 5 R A K AR S K 2 ST I
(e L S ek e A 1 A A T ol T AR AR
) 5L 87 F) PR M . AR v L B DI 2 i A3 s
L A £ DM A, ORI LR 13~45 pm 1284

| | =
]

I Electrochemical || Liquid flm thickness

‘Thin liquid film A\
electrochemical test device

Hygrothermograph

P4 I T A o 0 e 2R 0 AR D S I
Fig. 4 Work principle of electrochemical measurement

system for thin electrolyte film

2 HREHSH

2.1 Hibdhsk

Pl 5 J2 W A bA REZE AN ] i B ri ik v o A A Ak
2. GENTLURT N, > AR R v B S B PR AR S A
AR A B A8 A 20, G 1 B8 okt v 57 (28 L Taafel 40
) —584. 701 mV Hi#% % —743.139 mV, L it

=300
ZL115-T5
400 .05 mol/L
-500 F 70101110]/1.‘
% -600}
E -700f
5
S 800}
-900 |
_1 1 . - L - - - 1
000 10° 10° 107 10° 10° 10* 10° 10°
Current / A
3001 c41500
200+ — 0.05 mol/L
5 —0.10 mol/L
g  100f
£ of
8
S -100f
200 R E—
=300}

10° 107 10° 10° 10" 10° 10°
Current / A
5 AR A AR Tk BT T o Rk e R Ak it 2
Fig.5 Polarization curves of two materials under differ-

ent concentrations



HT ELZIR A R A5 R R A e i 3 T R S TE 65

iK—158. 438 mV; [ Ji il B 3 U 0. 182 A BE in =
4.307 pAL ¥ E Y 40125 pA, T EER A &M
(SRR B =N T )1 O 1 i B <3 S 2
AR AR Ak i A8 A T AN B, G B A A Ak it 2 A
1 HA-22 , PH A A Ak il 26 55 K L BE i, B2 B &
A A DX T R A o R A BE A A
FE HL R 2R 23 A AR R B R G A e
2.2 fFE&R
2.2.1 AEEH

R 52 F A A% K53 UL L 6, A 5 M R
FRAR O o T AR 588 FEL AR P9 DO A 0] 43 A X 7 B, g [
6 T A1 BT AR L RD TG T 6 H A A i
AT RS T 43 s UG ZE X 2 5 A R g ) Pl A 3R T
A7 RS S 43 AT SR AT R R 7E A S B AR
PRAXT S L-02 5 F1 L-04 5 B #) (& 7) B A7
L AR T B m B

Bare

6 v 1 A% ] 4 45 S
Fig. 6 Meshing of two bare electrodes

2.2.2 MEBME

WD =KL 55 L-01 5 ~1-04 SHRE
T FEL, 9 228 32 VA P ) PR BB o) il 28 19 4 A A 10 5 LA Al
2 b R D 1) AR T 1) S G ) B AR 5 ) Sk 7
WA 8, AU FEF R A & A R EM G S . 55
P W BRI Ak o LA K 2B E 0] B8 3, B B i 7
B T A Ak ™ ok O R RO
VR 2 B A B AR A Ak F S B ) RS B R ES BE AR G
A BT 1) 3 W A A ™

Kl 8 L-01 5 Fl L-02 5 e 4 Y B A8 J&5 b i
HL 48 98 0.052,0. 12 mA, {58 i i i 3 %
4980 ps/cm A WRBEIE L R 13 pm #2345 pm,
HL () F AR AR SRR B 131 %5 RIRE R XF T L-03 &
1 L-04 5 LB, ORFFHL M 2 %8 9 600 ps/cm
AR R B 13 pm Y 2 45 pm B, HL A L UL
i 0.087 mA % 0. 18 mA, LRk F 107%,
XA PRI Ay B A VB TS 1 4 o2 o T i S 1 S
B 2 A F T AR kb 2 L i 3, AT
T T A e SR T L R IR R n A A F AR R
AT FEL 900 28 38 0 A1 A8 A5 AR X S i L B A0 T B R DR
AL 40 mm DAAM A B, AR A 32 W R 2% L BRI
JERE R 13 pom 38 Z 45 pom B, H AR 3% AT A A S ol (X
I 58 BE N 40 mm 8 2 80 mim, AT L I fIEEE JEE 4 14

L-025

L-04%5
Bl 7 L-02 %M L-04 Sl @ Py L u K (L. i
7, A7 - FL TR D)

Fig. 7 Cloud picture of galvanic corrosion of No. [-02

and 1.-04 (left the potential and right the current

density)

2 {off P AR JE ot ) 2 A S TR R )z A R R Bl 270

X EE 1-01 5 F1 1-03 5 ML B , AR5 TR R R
13 pm NS, BRI T2 il 4 980 ps/cm 3 &
9 600 ps/cm, H {8 B W B 0. 052 mA ¥ FE
0.087 mA, MR 67% ;4 57 S i 20 mm
S5 o JE ok H O RSB W N S L R X 02
S L-04 S H K, SRFFIR BB O 45 pm A E,
HLAEEL S 0. 12 mA % 0. 18 mA. B IE 50% ;
M 24 5 J5 5 HE B8 5 40 mm S5 . H A8 R 3 0 8
M, AT UL, B H A v BBE 0 1, F i R ok
F 90 LR ) R B S TR R 2, 3k 2 PR R A vk
JE RGN A5 05 PR B A 2 A A TR
49 T 217 2 LS 2 P A% VR 1190 I PR AR 5 T

25 b VR MR R R T B IR B 1 AR Ak 38 2 AR
PR JE8 ol ) R B RV R L, Es e i 2 L. —
B VE I MU ], B2 38 1 H AR R G b 0
BFRCE. ZEA WS Erb, DU A A AR R
PUFR S5 10 AR ol R B AT HE Y, AT AR 104>
L-02>1-03>L-01, %455 AN {6898 Ui B H ff
T BRI IS S ) 3 0 X0 A6 ) T AR O ok ) A
R i BEIE B AE JUT 3 P 2% 14 3 L DY L AR R T R R



66 [N T S | A NI NI R %49 &
19 TR 2 JE BRI P 60 s 10 5% — K HL i 404 » 3%
o SR 5 ALIESR M MR S R G o
é iz,g: Tio K SEME 5 5 FLAE X E, W 9, B il
£ 4 LR SR L5 7 S W —
E %§§Z S IS VR JEE R P 14 o e A5 TS ol el R 3 K, 1 U
iy _— IO SR T HL 3730 0 T o (B
_ L ——L-02 e N N NIV
S Jdor L3 VB VB 3 — I T o B L UL L AR R B Y
=150 v L~ N N N N N \
mE B R . ARSI 507 A A — B
0 20 40 60 80 100
Distance to Cathode / mm 1801
(a) 160
150 L
— 1aof - 140
T e
110} 8
£ 1001 E 100}
= 90r O
z 3 80 <=~ 0.05 mol/L Test value
7 60 - —o—0.10 mol/L Test value
3 5l 60 —v— 0.05 mol/L Simulation value
= 40k . ‘ . —A—IO.IO n}ol/L Slimulatlion Vallue
E 30 0015 20 25 30 35 40 45 50
o 13 C Film thickness / pm
_10’ 1 1 1 L L J 1y R PR
0 20 40 60 80 100 PO ) B I SE A S 07 B X L
Distance to Anode / mm Fig. 9 Comparison of test value and simulation value of
(b) corrosion current
B8 1-01 53] L-04 5 H 3 T R VAL 85 52 0 A
Fig. 8 Distribution of current density on No. L-01 to 3.2 HEHA

L-04 electrodes
DA R B JE FEE 0T T R A A et )52 W BN SR N L X
LEOR TR IR B A MR A I LR R 4R HL i Ak #Y
PRSFETE T TR kG0 45 R 2 TP AR A B, A
[k IR Y

3 BRI

3 O LR R AL A 2 A R SEINE (T 5
HAL(S) . BRT R R L5128 T L-01 53] L-03 %
FL R £ v 7 K . S {2 A A FE A BA AR 3R
THT o BB AN A 10 mom Kb 0B — YRR (0 K08 45 2
(. FT LA S AR RS A 3% i e 2 A2 AR R 2L
DR B 30 22 T A DX Il X M R SR O AR L ek
FE AT R R ASE S I A 1 ) A R AR —

3.1 BEMHER B SF MR EAR R EEUE T F R B A Y
Xof < L ok P U S D YRR JEE R O AR L A B Ul B T ST A 3 TR R A T HE
x3 REBERRERUSHAHIVNENFEE
Tab.3 Test value and simulation value of surface potential distribution of bare electrode
Electrode
Potential/ L-01 L-02 L-03
mV Anode Cathode Anode Cathode Anode Cathode
T S T S T S T S T S T S
5 —584.3 —596.41 —215.3 —207.84 —541.9 —547.56 —271.3 —263.93 —560.1 —570.23 —230.7 —231.78
15 —674.8 —682.99 —167.4 —163.14 —632.5 —636.55 —188.6 —183.07 —613.3 —618.89 —172.4 —169.95
25 —695.2 —705.13 —160.5 —160.28 —676.3 —679.22 —170.5 —161.77 —625.3 —630.07 —163.1 —160.35
35 —699.5 —708.24 —156.0 —161.02 —686.8 —679.70 —166.0 —159.47 —626.6 —631.97 —162.3 —160.71
Distance/ 45 —700.0 —707.51 —156.3 —161.26 —694.3 —704.82 —165.4 —160.21 —627.0 —631.70 —161.3 —161.44
55 —T701.8 —706.69 —156.4 —161.31 —698.3 —707.03 —165.3 —160.82 —627.1 —631.19 —160.7 —161.74
o 65  —702.0 —706.24 —156.2 —161.32 —699.5 —707.38 —165.4 —161.10 —627.5 —630.84 —160.6 —161.84
75 —702.3 —706.05 —156.2 —161.33 —701.0 —707.20 —165.4 —161.20 —627.6 —630.66 —160.3 —161.88
85 —704.2 —705.99 —156.2 —161.33 —701.2 —706.99 —165.3 —161.24 —627.3 —630.57 —160.2 —161.88
95 —705.1 —706.02 —156.2 —161.34 —701.3 —706.89 —165.4 —161.23 —627.5 —630.54 —160.2 —161.87
105 —703.4 —706.02 —156.2 —161.33 —701.4 —706.95 —165.4 —161.24 —627.3 —630.57 —160.3 —161.88
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