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Fig.1 Morphology of multi-pit corrosion under different steps
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Fig.2 Average corrosion lossrate vs corrosion step
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Fig.3 Maximum pit depth vs corrosion step
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Fig.5 Mises stress nephogram in the x direction
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Table 2 S—N curve of aluminum alloy
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Fig.6 Fatigue life vs corrosion step

W o (AR X — B IEATR LR, H Y ROk
600 A I % 55 5 v i 155 T 500 4B 33 J2: IR Mg 7 1 b 4%
PFR W92 55 5 A AR Ak 328 5 0y ) SR v O, T L ) 4 v B
B F TR B A 5 RS B A R R R 1E
7 e i B U R B R K AR Il R it 1 2 1 T
S LA, DRI JR S 7 g ST A ez o G, AR A ]

b BB ECK 500 F600 25, B RN 153 )R 32.14MPa
H130.03MPa, B F-7E 500 4 Aif 1 7 48 i Jl i) s R o, 7
K, BIIEAE 500 25 B 11845 21 A9 57 F B sE /. (A2
P Tl TR P BT 0 ), DR IR 5 43 ) A A A
R sk A ) i R

3 45ig

ASCHETFICM A SHHLEBL T 54 SR £ 5001k
PR o A FE LR P ALV PR I R A AR R
LA, IR T R A SRR AE BB AR . A
SR b R I A TAL TS S A ANSY'S £
FIEAIT 8 T 58 A BRI Bl 1037 F1 53 , I 4
BE T 58 S bR 5 1955 45 6, 1538 T LA R 4598

(1) 32 P B IE 43 85 T 1 S HLEE 35 1T LR
BSR4 B P AR, 3 L AT LU 52 37 F PR 3 R
F A IS

(2) FEAB M A 1T, 406 4 10 85 il T Bt
NS S, 7 LA R K, Gl ) B TR 0 T
i e R PR

(3) 44 Bl 5 HOTIABE S 2 A A L 5 ]
P/ R R 5E A MR . 5 DR S A S
SRR ILGAT e, TR A PR F b IR E LS , 32 51
ol 7 50 . AT T 35 1 B2 0, T s 25 o 3o 7 1
1k, CAST]

SENEK

[1] WaltonJ C, Cragnolino G, Kalandros S K. A numerical model
of crevice corrosion for passive and active metals[J]. Corrosion
Science, 1996, 38(1): 1-18.

[2] Dunn A G, Majer J D. Simulating weed propagation via
hierarchical, patch-based cellular automata[C]//Computational
Science-ICCS 2007: 7th International Conference Proceedings,
2007: 762-769.

(3] sk, S, FLAVE 5 . TR SR B O B
BB AC T AR SO OF ST [T]. A, 2003, 52(12):
3007-3013.
Peng Lin, Tan Huili, Kong Lingjiang, et al. A study of coupling
effect in cellular automata model of traffic flow for two-lane
with open boundary conditions[J]. Acta Physica Sinica, 2003,
52(12): 3007-3013.(in Chinese)

[4] Encinas A H, Encinas L H, White S H, et al. Simulation of



A s SET UM 1B BUIRER A 8 2 B b 1% 9% 55 A w5

67

[5]

[8]

forest fire fronts using cellular automata[J]. Advances in
Engineering Software, 2007, 38: 372-378.

Vautrin-Ul C, Chausse A, Stafiej J, et al. Simulations of
corrosion processes with spontaneous separation of cathodic
and anodic reaction zones[J]. Polish Journal of Chemical
Technology, 2004, 78(9): 1795-1810.

Aarao F D A, Stafiej J, Badiali J P. Scaling theory in a model
of corrosion and passivation[J]. The Journal of Physical
Chemistry B, 2006, 110(35): 17554-17562.

Vautrin-Ul C, Taleb A, Stafiej J, et al. Mesoscopic modelling
of corrosion phenomena: coupling between electro chemical
and mechanical processes, analysis of the deviation from the
Faraday law[J]. Electrochimica Acta, 2007, 52 (17) : 5368-
5376.

Di Caprio D, Stafiej J. Cellular automata approach to

corrosion and passivity phenomena[J]. Pure and Applied

Chemistry, 2010, 85(1): 62-67.

(9]

[10]

[11]

[12]

[13]

Bartosik L., Di Caprio D, Stafiej J. Cellular automata
approach to corrosion and passivity phenomena[J]. Pure and
Applied Chemistry, 2013, 85(1): 247-256.

Pérez-Brokate C F, Di Caprio D, Féron D. Three dimensional
discrete stochastic model of occluded corrosion cell[J].
Corrosion Science, 2016, 111: 230-241.

Wang H, Han E. Simulation of metastable corrosion pit
development under mechanical stress[J]. Corrosion Science,
2013, 90: 128-134.

Wang H, Han E. Computational simulation of corrosion pit
interactions under mechanochemical effects using a cellular
automaton/finite element model[J]. Corrosion Science, 2016,
103: 305-311.

Liu X F, Hua L, Chang D M. Simulation of pit interactions of
multi-pit corrosion under an anticorrosive coating with a three-
dimensional cellular automata model[J]. Modelling and Simula

tion in Materials Science and Engineering, 2021,29(6):065018.

Study on Multi-Pits Corrosion of Aluminum Alloy and Its Fatigue Life Based on
Cellular Automata

Hua Lei', Liu Xuefeng', Chang Dongmei®

1. Civil Aviation University of China, Tianjin 300300, China

2. Tianjin Key Laboratory of High Speed Cutting and Precision Machining, Tianjin University of Technology and
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Abstract: In this paper, the cellular automata method of reaction separation between anode and cathode is

introduced into the simulation of multi-pit corrosion process of aluminum alloy. Through corrosion simulation, the multi-

pit corrosion morphology of aluminum alloy was obtained. It is found that the pit depth increases linearly with the

corrosion time approximately, and the corrosion weight loss also increases with the corrosion time, but the increasing

speed increases with time gradually. The corrosion morphology is imported into ANSYS software for mechanical

analysis, the stress distribution of aluminum alloy after corrosion is obtained, and the residual fatigue life after

corrosion is calculated. It is found that the residual fatigue life decreases with corrosion time. However, this trend is

not always monotonous due to the effect of local geometry near the bottom of the pit on the stress concentration.
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