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The authors have undertaken a research task with a view to apply advanced mathematical modelling with the use of evolutionary algorithms for the designing of the course 

of a gas nitriding process, which guarantees obtaining the expected hardness profile in the layer nitrided. The gas nitriding process is widely used in industry in order to 

improve the functional properties of machine and tool parts. 

In the model developed, each chromosome includes encoded parameters of a single steel nitriding process. Chromosome sets form the so-called population. For each 

chromosome, a steel hardness profile related to it is determined. A trained neural network is used for this purpose. It performs the role of a model. Each chromosome (a set 

of parameters) is then evaluated: matching is conducted of its corresponding hardness profile to the profile sought. 

Badania współfinansowane ze środków Europejskiego Funduszu Rozwoju Regionalnego w 

ramach Programu Operacyjnego Innowacyjna Gospodarka, Działanie 1.3. 2007-2013

References

1.M.A.J. SOMERS, E. J. MITTEMEIJER: Metall. Trans. A 26A (1995), 57-74.

2.H. C. F. ROZENDAAL, P. F. COLIJN, E. J. MITTEMEIJER: Surface Eng. 1 (1985), 30-43.

3.B. LANGENHAN, H. J. SPIES: Härt-Tech. Mitt. 47 (1992), 337-343.

4.J. ZYŚK, J. TACIKOWSKI, E. KASPRZYCKA: Härt.–Tech. Mitt. 34 (1979), 263-271.

5.B. PRENOSIL: Härt-Tech. Mitt. 20 (1965), 41-49.

6.K. SCHWERDTFEGER: Trans. AIME 245 (1969), 2461-2466.

7.E. LEHRER: Z. Elektochem. 26 (1930), 383-392.

8.M. A. J. SOMERS, P. F. COLIJN, W. G. SLOOF, E. J. MITTEMEIJER: Z. Metallkde. 81

(1990), 33-43.

9.M. A. J. SOMERS, et al.: Acta Mater. 45 (1997), 2013-2025.

10.E. J. MITTEMEIJER, et al.: Scripta Metall. 14 (1980), 1189-1192.

11.E. J. MITTEMEIJER, et al.: Proc. of the Conf. on Heat Treatment, 1981, The Metal Society,

London, (1983), 107-115.

12.J. RATAJSKI, J. TACIKOWSKI, M. A. J. SOMERS: Surface Eng. 19 (2003), 87-93.

13.J. RATAJSKI: Surf. Coat. Tech. 30 (2009), 2300-2306.

14.S. MALINOV, W. SHA: Computational Materials Science 28 (2003), 179-198.

15.K. GENEL: Materials and Design 24 (2003), 203-207.

16.A. ZHECHEVA,S. MALINOV, W. SHA: Surf. Coat. Technol. 200 (2005), 2332-2342.

17.S. KUMAR, R. SINGH: Journal of Materials Processing Technology 182 (2007), 456-461.

18.D. LIPIŃSKI, J. RATAJSKI: Lecture Notes in Computer Science, 4682/2007, 245-249.

Conclusions

The present article covers the concept of a model built on the 

basis of unconventional designing methods, artificial intelligence 

methods in application for the gas nitriding process being very popular 

in industry. The decision to consider these methods was justified by the 

problems connected with the modelling of the constitution processes of 

surface layers, which are the result of the variety of the mechanisms 

which accompany this process. Another reason was numerical 

limitations which occur during calculations with the use of analytical 

models. 

The statistical model developed where evolutionary algorithms 

were used, makes it possible to determine the changes of the 

parameters of the gas nitriding process on the basis of the required 

hardness profile in the layer nitrided. The problem solved on the 

example of gas nitriding, i.e. determination of the process parameters 

which guarantee the required final result, constitutes one of the key 

issues of surface layer engineering. 
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On the further step, the chromosomes undergo a selection (selection of chromosomes with the best matching), a 

modification with the aid of crossing mutation operations and promotion to the next population. In this manner, by 

way of a directed evolution of steel nitriding parameters, such a set of these is selected for which the hardness 

profile matches best the profile sought.

A window presenting the final result of the

operation of the evolutionary algorithm: a

set of process parameters which give as a

result the profile which matches best the

required profile.


