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Abstract - This research focuses on automating the determination of grain size, the percentage of ferritic-pearlitic phases in low carbon
steels by developing a metallographic analysis software programmed in Python. The direct count valuation method and the values of the
G granulometric indices according to the UNE 7-280.72 standard are used. The process consisted of taking the micrographs of 4 types
of steels with different carbon content, each type of steel is made with 10 micrographs with a 100x zoom, once the images are entered
into the software, the program segments the light and dark regions of the image and counts the total regions and the dark regions (ferrite
and pearlite) and compares them with the standard UNE. The results of the investigation were compared with the results of the commercial
metallographic software PAX-it and using an ANOVA analysis showed that the differences between the results for the by grain size and
the percentage of ferrite obtained with the developed software and the PAX-it they are not statistically significant and present a confidence
level of 95%, validating the results.
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1. Introduction

Mechanical engineering has presented great expansion and technological advances thanks to the introduction of
computer elements and experimental analysis tools, allowing the development of new products, optimizing time and
resources. The metallographic analysis is a useful tool in engineering materials because it can determine the structural
characteristics, the grain size distribution component phases, and inclusions that affect the mechanical properties of metals.
This analysis predicts the behavior of materials under different conditions of service, and as always has a center or laboratory
with specialized technicians and sophisticated equipment for the characterization of materials, either for the selection of
materials or analysis quality control, the digital image has several advantages for its multiple and its manipulation
possibilities. [1] Images (micrographs) must be processed to obtain information by using a supplemented computer with a
software image processing applied to the metallography (software developed with Python programming language) to
measure the grain size, shape, structure, and determination of component phases (ferrite and pearlite), which is within the
scope of correct sample preparation [2].

The main objective of metallographic analysis is to reveal the structure of metals and their alloys by means of an electron
microscope to study the structural characteristics of a metal or an alloy and the relationship that exists with its physical and
mechanical properties and its thermal effects. The sample preparation metallographic evaluation and the microstructure, it is
possible to determine the grain size distribution component phases and inclusions having great effect on the mechanical
properties of the alloy. [1] [3].
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2. Methodology

Metallographic procedure completes the following steps: sample extraction, coarse grinding, fine grinding,
polishing thickness. fine polishing, chemical attack. Proper preparation of the metallographic sample guarantees
obtaining a micrograph (digital image) quality, facilitating digital processing [4] [5].

The micrograph must comply with certain parameters for the good functioning of image processing software, so it
is necessary to calibrate the microscope at a standard magnification of 100x [6], and a suitable approach to provide
sharpen the image with a size of 2048x1536 pixels and an image format JPEG (.jpg) in each of the samples as shown in
Figure 1.

e S
Fig. 1: Micrograph obtained by the microscope.

2.1. Low Carbon Steel Specimens
The specimens used for metallographic analysis using image processing software developed with Python are as
follows:
e AISI-7210 (al 0,15% C)
e Mecaplus E- 470 (0,18% C),
e ASTMA-36 (0,15% -0,25% C)
e SAE-1018 (0,15% —0,20% C)
Each of the specimens is done there are 10 high quality micrographs for metallographic analysis software developed.

2.2. Standard Methods for the Determination of Grain Size

There are several procedures to estimate grain size the ASTM (American Society for Testing and Materials) has
synthesized all these processes and they are explained in detail in the ASTM E-112 standard. Test Methods E-112 are
designed to classify grain size: comparison method, planimetric method, intersection method [11].

These methods are didactic and easy to use to determine the grain size. But for the development of the software, the
Spanish standard UNE 7-280.72 is used.

2.3. Determination of grain sizes in steels Spanish standard UNE 7-280-72

The standard establishes the metallographic methods to determine the grain size in ferritic-pearlite steels and the
valuation rules. Grain size is a characteristic of steels and constituents that influence properties. They can have ferritic
structures (mild steels), pearlitic (eutectoid or eutectic steels), or a combination of structures; ferritic - pearlitic, ferrite,
and austenite, cementite, and pearlite [10].
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The G index is a positive, null, or negative integer that is deduced from the average number m of grains that can be
counted in an area of 1 mm2 of the sample section. By definition G = 1 when m = 16. The values of G and me are related by
by Egs. (1) The grain size is characterized by the index obtained by the direct count valuation method and Heyn's method.

m=8-2¢
1)
2.3. Direct Grain Size Count.

This method counts the grains within an area of “5000 mm2”, in a micrograph captured at “100x” magnification, with
the help of Egs (2), nl is the number of interior grains and n2 is the number of exterior grains. To determine the grain size,
the stages of image processing are carried out (Image capture, reprocessing, segmentation, extraction of characteristics and
identification of grains). The program segments the light and dark regions of the input image and the total regions and dark
regions are counted, Fig 2. With the number of total regions found in the image (direct count assessment method) and Table
I11, of the Spanish standard UNE 7-280-72, the grain size of the selected sample is determined [10].

1
n=n1+ Enz (2)

Fig. 2: Direct count of observed grains

The research focuses on automating the determination of grain size by developing open-source software for image
processing focused on metallographic analysis to determine the percentage of ferritic-pearlitic phases in low carbon steel.

3. Results

Obiject recognition, position, orientation, and spatial measurement of any property (shape and size) is an advantage that
presents Python for the development of the software. Image processing to analyze, deduce and make decisions [14], for
example in applications such as metallography perform detection of crystal structures, measuring geometric features,
classification of regions of different components, and determining defects and inclusions present in the microstructure. The
toolboxes used for the software development were: Matplotlib, Scipy, Numpy, Pil.

The determination of the grain size is done in stages of image processing using the following steps: image acquisition,
preprocessing, segmentation, charge characteristics, and identification of grains and count in each area. In summary, software
segments the light and dark regions of the micrograph counts and compares them with the UNE 7-280-72 standard to
determine the grain size of the sample.
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3.1. Graphical interface

The interface is to provide a simple visual environment to allow communication between the image processing
and the user. GUI software image processing for metallographic analysis, Figure 3, group codes to determine grain size
percentage of phases of ferrite and pearlite, both sheets of steel lower content up to 15% carbon, and steels have 0.15%
0.25% carbon content (due to the perlite content) which represent a visual environment to perform metallographic

Archive Ver Imagen Ayuda
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Porcentaje de Perita : 2.75
Porcentaje de Ferrita : 97,25
Tamano de Grano : 9.40

Fig. 3: Graphical interface metallographic software developed with Python.

3.2 Direct counting using software metallographic developed in Python
Table 1 shows the results obtained by metallographic software are observed, the grain size, percentage of ferrite,
and pearlite for each of the specimens.
Table 1: Results obtained by the software

Number of grains . % de % de

No. found ’ Grainsize G Ferrite Perlite
1 4322 9,41 97,276 2,724
2 5107 9,66 94,302 5,698
3 5981 9,73 96,756 3,244
4 5301 9,73 97,585 2,415

Table 2 shows the results obtained by the PAX-it software and software developed are compared, determining the
error, the same that is between "0.7 to 9%" indicating that is in an acceptable range.

Table 2: comparacion entre Software desarrollado vs PAX-it

L Grain size G
No Grain size G “PAXi Error
1 9,41 10.34 8,99%
2 9,66 9.83 1,73%
3 9,73 9.64 0,92%
4 9,73 9.96 0,72%

To verify the accuracy of the results of the metallographic image processing software, an analysis of variance
(ANOVA) is performed by comparing the results obtained by the PAX-it software and the software developed. Once
the analysis of variance performed Table 3 which gives rise to the hypothesis planted check is made to determine the
differences in results.
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Therefore, it can be concluded that the differences between the results for grain size and the percentage of ferrite obtained
with the developed software and PAX-it are not statistically significant at a 95.0% confidence level, giving validity to the
results. . For the percentage of perlite with PAX-it software, results are manipulated at the user's discretion. In this way, it
can be concluded that the results of the developed software are reliable because they do not present a significant difference
with the results of the software PAX-it.

Table 3. Verification of hypotheses

Variable P valor Results

Grain size G P valor > 0,05 | accepted Ho
% de ferrita P valor > 0,05 | accepted Ho
% de perlita P valor < 0,05 | accepted Ho

4. Conclusion

The main advantage of the software developed with Python is that it does not require manipulation for the determination
of component phases (ferrite-pearlite) as occurs with the PAX-it software, used in the laboratory, where the segmentation or
distribution of component phases remains at the user's discretion.

For the image processing in the developed software, no changes in the image format are required, since the image format
predetermined by the metallographic microscope (.jpg) is used, which is not the case with PAX-it, where previously must
perform an image format change for image processing. The software this developed open-source programming language can
be installed on any computer with any operating system, as many times as desired. Being open-source, it can be manipulated
for improvement and optimization.

The software features two ranges for carbon content, allowing for greater reliability of the results. Depending on the
metallographic sample can visually establish what range belongs it is observed that the sample contains as much perlite
belong to the first range it is between 0.15% to 0.25% carbon content. If it is observed that the sample has a lower amount
of ferrite, it will belong to the range of less than 15% carbon. This does not happen with the PAX-it where the results are
only correct steels under 15% carbon.

The micrographs must be of high quality and sharp because the image processing software digitizes a section of the
micrograph to count the number of closed regions within the number of gray regions. With the number of total regions and
table 111 of the Spanish standard UNE 7-280-72, the grain size is determined using the ranges for each grain size G.

If an error percentage greater than 10% is obtained, the process must be carried out once more, and to rule out the error,
it is necessary to change the micrograph to one that must have a sharper one, so the results obtained will be correct.
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