Determination of grain orientation of a planar structure using phyton
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Introduction. The microstructure directly visible in the plane of the cut only indirectly characterizes the bulk structure of alloys. The most complete description of the structure can be provided by means of series or distribution curves. The basis for studying microstructure is its morphology, which combines the study of shapes, structures and composition of metal materials. The basis of morphology is the understanding that the properties and characteristics of metals will depend on their morphology, i.e., on their external and internal structure, as well as on the components of which they are composed. The main objects of study of metal morphology are metal crystals. The study of metal morphology allows us to understand what factors and conditions affect the formation of the crystal structure, as well as how it can be changed and controlled. The shape and morphology of a metal play a key role in determining its properties and behavior under various operating conditions. They can affect the strength, ductility, fatigue strength, and other mechanical characteristics of a metal [1,2].
The orientation of the structure significantly affects the mechanical properties [3]. In the case of grain orientation in the longitudinal direction, i.e., during deformation along the crystallographic planes (001), which characterize the direction of grain growth during crystallization, the ductility, as well as short-term and long-term strength of the alloy, increase. The orientation of the grains in the direction of maximum stresses eliminates the presence of transverse grain boundaries, so the development of cracks along the boundaries in the longitudinal grain orientation is more difficult than in the transverse or equilibrium structure. In the absence of a predominant grain orientation, the magnitude of stress inhomogeneity is to some extent characterized by the ratio of the maximum and minimum values of the elastic modulus. 
Description of the work. The paper shows a solution to the problem of finding the angle of inclination of crystallites/grains, calculating their sizes on the example of a model; the connection with the fractal parameter and mechanical properties of the distribution by orientation angles of the real structure.
The model contains several objects of an arbitrary elongated shape (Fig. 1a), which will subsequently play the role of crystallites/grains on a flat structure. The task is to determine the orientation of the grains by finding the angle of inclination of each object to the selected axis, in this case, to the X-axis (Fig. 1b). 
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	Fig. 1. Grain model on the grind (a) with grain orientation (b) and angle of inclination to the axis (c)


The program, written in phyton with the use of artificial intelligence, is designed to analyze objects of various geometries in the input image and consists of: image processing, object (crystallite) detection, calculation of crystallite parameters, and generation of data files.
Further data processing allows to build distributions of orientation angles on a flat structure based on the number of grains with these angles, analyze the fractional values and corresponding physical and mechanical characteristics, and compare the fractal dimension of image gaps.
Results of the analysis of a real sample. As an example, we took Sample 1 with mechanical characteristics shown in Table 1 and fractal parameters in Table 2.
Table 1. Mechanical properties of Sample 1 (Al2O3)
	В
	0,2
	
	
	KCV, J/cm2 at  Т, 0С

	MPa
	%
	+ 20
	0
	 – 20 
	– 40

	728
	621
	17
	54
	82
	58
	50
	36



Table 2. Fractional characteristics of the sample components [4].
	
	Db
	Dl
	Di
	
	
	S

	Sample 1
	0,5487
	1,426
	0,9196
	0,3965
	1,067
	0,4084



Fractal parameters are indicated: Db - branched bainite; Dl - branched grain boundaries; Di - branched non-metallic inclusions;  - branched zones with an increased dislocation content; and  - the sum of all cases when the distance to the neighboring inclusion is less than 5R; S - resistance to brittle fracture.
The resulting data distribution provides information on the approximate analysis of grain orientation on a flat structure (Fig. 2), because there are a number of factors that affect the quality and reliability of the data, depending primarily on the quality of the original image itself and the quality of its preparation for analysis.
[image: ]
Fig. 2. Histogram of the percentage of crystallites/grains on a flat structure, taking into account the angle of their inclination to the horizontal axis.
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Introduction. 

The microstructure directly visible in the plane of the cut 

only indirectly characterizes the bulk structure of alloys. The most complete 

description of the structure 

can be provided by means of series or distribution 

curves. The basis for studying microstructure is its morphology, which combines 

the study of shapes, structures and composition of metal materials. The basis of 

morphology is the understanding that the pro

perties and characteristics of metals 

will depend on their morphology, i.e., on their external and internal structure, as 

well as on the components of which they are composed. The main objects of study 

of metal morphology are metal crystals. The study of m

etal morphology allows us 

to understand what factors and conditions affect the formation of the crystal 

structure, as well as how it can be changed and controlled. The shape and 

morphology of a metal play a key role in determining its properties and behavi

or 

under various operating conditions. They can affect the strength, ductility, fatigue 

strength, and other mechanical characteristics of a metal [1,2].

 

The orientation of the structure significantly affects the mechanical 

properties [3]. In the case of grain orientation in the longitudinal direction, i.e., 

during deformation along the crystallographic planes (001), which characterize the 

direction of grai

n growth during crystallization, the ductility, as well as short

-

term 

and long

-

term strength of the alloy, increase. The orientation of the grains in the 

direction of maximum stresses eliminates the presence of transverse grain 

boundaries, so the developme

nt of cracks along the boundaries in the longitudinal 

grain orientation is more difficult than in the transverse or equilibrium structure. In 

the absence of a predominant grain orientation, the magnitude of stress 

inhomogeneity is to some extent characteri

zed by the ratio of the maximum and 

minimum values of the elastic modulus. 

 

