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Cellular automata simulations of single pit similar defects  
and their clusters 

INTRODUCTION 

Many engineering components made of metals and alloys which have high strength hand resilience 

are prone to corrosion. In particular, they may be subjected by pitting corrosion and are sensitive to 

the damaging effects of the environment. In order to reduce the number of destructive factors and 

accelerate the recovery process of damaged and extend their operating are held studies of the 

corrosion mechanism on the basis of experiment sand theoretical modeling. 

Usually micro cracks occur in places of pitting corrosion of material [1]. Owing to the interaction 

of cyclic loads and environmental influences exacerbating the pitting and "ulcers", which leads to the 

formation of cracks which increase in size over time and arise the final destruction of the material [2-

5]. 

Corrosion can accelerate the destruction of structural components caused by metal fatigue in 

conditions of stress. Research and prognostication corrosion morphology of damage in the form of 

cavities and cracks is essential for achieving and preserving the structural integrity of materials and 

structures [6-9]. 

In order to qualitatively and quantitatively characterize the early stages of damage mechanisms in 

the metals at corrosion and cyclic loading the image analysis of corrosion morphology can be as used 

a tool for predicting the formation of cracks as a result of nucleation and growth of cavities (pittings). 

To this end held a search for new ways to describe and create models pittings. The authors are based 

on cellular automata, enabling representation of 3D-images pittings and play their incremental 

evolution and will be analysed in this paper. 

Cellular automata are mathematical objects with discrete space and time. They have a set that 

includes: a set of cells that form a periodic lattice and set transition rules that determine the state of a 

cell at a future point in times of the cell and its neighbours in a given moment of time. 

The goal set out in this paper is the modeling of processes and forms of pitting corrosion and 

probable spatial distribution on the surface of metals and alloys of pittings and pit similar defects that 

will enable the mathematical description of the possibility of further predictions of growth and 

development damage (mainly cracks), which is often cause destruction of metallic structures. 

1. SIMULATION PROCESS 

During the evolution of the cellular automat on each cell changes its state according to given rules 

of transition, which depends on it initial state and the neighbouring states of cells. The main objective 

during the transition rules of selection is the most accurate description of real processes occurring 

inside pit similar defect. With this in mind, suggest that the processes at the metal/environment in 

pitting occur with a constant speed until moment of transition to the repassivation state. 

The novelty of the proposed model is that for the first time takes into account the probability of 

transition to a state pitting repassivation. 

A set of conditions to determine the system described so: F and М – cells that express the passive 

film and metallic substrate respectively; І and C – the beginning and the ending of the corrosion 

process respectively; S – aggressive environment in a 5% solution of iron chloride (FeCl3). 
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Each cell has a limited number of states. That is, the number of possible states is equal to five but 

at some point in time it maybe only in one of them. 

Local rules for transition systems include:  - dimensions j-th characteristic i-th cellular 

automaton (i-th cell). Each characteristic j has defined physical meaning. The modeling process is in 

accordance with the algorithm the essence of which is the continuous repetition of a number of steps 

that describe the interaction of cells. 

Terms of interaction represented as a system of iterative function following form: 
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Each cell has a limited number of states. In this case, the number of possible states is equal to five, 

but at some point in time it maybe only in one of them. 

2. RESULTS AND DISCUSSION 

Studied ten largest single defects formed on different surfaces of samples by accelerated tests on 

corrosion resistance of steel. Their main geometrical characteristics include the following values: 

conditional diameter, volume and profile of a single defect, which can accurately determine some 

parameters such as the ratio between the depth and width. 

 

  

Fig. 1.Image of steel samples 08Cr18Ni10Ti with formed deffects. 

Data about shape and geometrical dimensions of defects that were obtained by scanning the 

sample surface by optical 3D-profilohrafom `Micron-alpha` were compared with the simulation 

results(Fig.2). The nature of the defect during the simulation significantly dependent on different 

initial conditions –were different shapes of simulated pitting and pH on the surface of the cavity after 

completion of the simulation. 

 

 
Fig. 2.Simulated image of pit similar defect on the surface of steel samples 08Cr18Ni10Ti. 
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Using this approach makes it possible not only to simulate the processes of individual defects, but 

also their possible groups and clusters. Fig. 3 shows the sample surface steel 08Cr18Ni10Ti 

reproduced by CA method. 

 

Fig. 3.Simulated surface covered by pit similar defects. 

As seen in the image – using the proposed model it is possible to approximate the dynamics of 

visual reproduction of pit similar defect. Currently, existing methods in the world of simulation 

(Monte Carlo, 'learning' of neural networks, Markov chains) there is no universal, which would take 

into account all factors and stages of pitting corrosion. When conducting a comparative analysis 

showed that the method based on the use of cellular automata to modeling of pit similar defects gives 

better agreement with the actual physics of the process. 

In the analysis of image data shows that the probable location of the defect on the surface of the 

sample and on cellular automata lattice with the simulation agrees well as their approximate shape, 

even when not seen a single and multiple defects. 

Tab. 1.Comparison of the results obtained experimentally and by simulation using cellular automata. 

Environment 
The average growth rate, mm/24 hours 

Error, % 
The real defects The Simulated defects 

pH5 0,55 0,61 1,88 

pH6 0,48 0,52 1,88 

pH 7 0,42 0,49 2,15 

 

As seen from the table 1, the error is small, so it can be argued that the proposed method provides 

a high degree of consistency between the indexes speed pitting corrosion of steel 08Cr18Ni10Ti, 

obtained experimentally and by modeling. 

It was found that defects obtained through simulation, by the shape and parameters correspond to 

the defects obtained by the method that got accelerated testing in the laboratory. When using the 

proposed modeling method, it is possible to predict the formation of pit defects not only for open 

(broad), but also partially-closed form and obtain topography of the bottom, because the nature of 

their formation explained the varying thickness and stability of the oxide film on the surface and 

acidity of aggressive environment. These and other factors are easily taken into account in our model. 

CONCLUSIONS 

In the given paper a model based on cellular automata to simulation of the dynamic system such as 

growth of pit similar defects on the stainless steel surface are presented. The investigations results are 

compared to data obtained by simulation with real data on the dynamics of the point damages on the 

sample surfaces. Practically confirmed the feasibility of the proposed method for simulation the 

process of steel corrosion in neutral environments. Preciseness physics processes at the micro-level 

consideration is provided by electrochemical factors involved in the formation of the studied defects. 

Abstract 

Simulation results from using the cellular automata as an example of defects on the surface of austenitic 

stainless steel 08Cr18Ni10Ti are presented in this paper. Practical confirm the feasibility of the proposed 
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method for simulation modeling of corrosive process of steel in neutral environments. 

Keywords: cellular automata, surface defect, modeling corrosive process 

Symulacja za pomocą automatu komórkowego pojedynczych pittingów i ich skupień 

Streszczenie 

W artykule podano model symulacji  z wykorzystaniem automatu komórkowego do symulacji dynamicznej 

procesu rozrostu pittingów na powierzchni stali. Badania  przeprowadzono na powierzchni stali austenitycznej. 

Przedstawiona metoda ma zastosowanie  w modelowaniu procesów korozyjnych na powierzchni stali. 

Słowa kluczowe: automat komórkowy, wady powierzchniowe, modelowanie procesów korozyjnych 

REFERENCES 

1. G. S. Frankel. Pitting Corrosion of Metals A Review of the Critical Factors. Journal of the 

Electrochemical Society, Vol. 145, No. 6, P. 2186-2198, 1998. 

2. G.T. Burstein, C. Liu, R.M. Souto, S.P. Vines, Origins of pitting corrosion. Corros. Eng. Sci. 

Technol. 39, 25P, 2004. 

3. S.I. Rokhlin, J.Y. Kim, H. Nagy, B. Zoofan.Effect of pitting corrosion on fatigue crack initiation 

and fatigue life. Eng. Fract. Mech. 2,P. 425–444, 1999. 

4. B. Rusyn, R. Tors'ka. Accuracy estimate of modeling of pitting corrosion using cellular 

automata.Logistyka– Poland. – P. 9241-9246, 2014. 

5. M.R. Sriraman and R.M. Pidaparti.Life prediction of aircraft aluminum subjected to pitting 

corrosion under fatigue conditions. J. Aircraft (7–8),P. 1253–1259, 2009. 

6. B. Rusyn R. Tors`ka, M. Kobasyar. Application of the Cellular Automata for Obtaining Pitting 

Images during Simulation Process of Their Growth. Advances in Intelligent Systems and 

Computing. – Springer-Verlag., vol. 242, P. 299-306, 2013. 

7. T. Suter, H. Bohni. A new micro electrochemical method to study pit initiation on stainless steels. 

Electrochim. Acta 42,P.3275–3280, 1997. 

8. R. Oltra, V. Vignal. Recent advances in local probe techniques in corrosion research – analysis of 

the role of stress on pitting sensitivity. Corros. Sci. 49,P. 158–165, 2007. 

9. C.H. Paik, R.C. Alkire. Role of sulfide inclusions on localized corrosion of Ni200in NaCl 

solutions. J. Electrochem. Soc. 148,P. 276–281, 2001. 

 


