ISSN 1994-6309 (Print)
ISSN 2541-819X (Online)

TEXHOJIOTHA
ObOPVAOBAHME
WHCTPYMEHTDI

http://journals.nstu.ru/obrabotka_metallov



https://journals.nstu.ru/obrabotka_metallov/catalogue/contents?id=3321
http://journals.nstu.ru/obrabotka_metallov

ISSN 1994-6309 (Print)

BOTKA

ISSN 2541-819X (Online)

ALLOV

METAL WORKING
& MATERIAL SCIENGE

Volume 23 No.4 2021 SCIENTIFIC, TECHNICAL AND INDUSTRIAL JOURNAL

EDITORIAL BOARD
EDITOR-IN-CHIEF:
Anatoliy A. Bataev, D.Sc. (Engineering), Professor, Rector,
Novosibirsk State Technical University,
Novosibirsk, Russian Federation

DEPUTIES EDITOR-IN-CHIEF:

Vladimir V. Ivancivsky, D.Sc. (Engineering), Associate Professor,
Department of Industrial Machinery Design,
Novosibirsk State Technical University,

Novosibirsk, Russian Federation

Vadim Y. Skeeba, Ph.D. (Engineering), Associate Professor,
Department of Industrial Machinery Design,
Novosibirsk State Technical University,
Novosibirsk, Russian Federation

Editor of the English translation:

Elena A. Lozhkina, Ph.D. (Engineering),
Department of Material Science in Mechanical Engineering,
Novosibirsk State Technical University,
Novosibirsk, Russian Federation

The journal is issued since 1999

Publication frequency — 4 numbers a year

mrmmars  Data on the journal are published in
«Ulrich's Periodical Directory»

PERIODICALS DIRECTORY .

Journal “Obrabotka Metallov” (“Metal Working and Material Science”) has been Indexed in Clarivate
Analytics Services.

We sincerely happy to announce that Journal “Obrabotka Metallov” (“Metal Working and Material Science”),
ISSN 1994-6309 / E-ISSN 2541-819X is selected for coverage in Clarivate Analytics (formerly Thomson Reuters)
products and services started from July 10, 2017. Beginning with No. 1 (74) 2017, this publication will be indexed

and abstracted in: Emerging Sources Citation Index.

EBSCO Journal “Obrabotka Metallov” (“Metal Working & Material Science”) has entered into an electronic licensing
_ relationship with EBSCO Publishing, the world's leading aggregator of full text journals, magazines
and eBooks. The full text of JOURNAL can be found in the EBSCOhost™ databases.

@ Novosibirsk State Technical University, Prospekt K. Marksa, 20,
Novosibirsk, 630073, Russia
@ Tel.: +7 (383) 346-17-75
@ http://journals.nstu.ru/obrabotka metallov
& E-mail: metal working@mail.ru; metal working@corp.nstu.ru

Vol. 23 No. 4 2021 3


mailto:metal_working@corp.nstu.ru
mailto:metal_working@mail.ru
http://mjl.clarivate.com/cgi-bin/jrnlst/jlresults.cgi?PC=EX&ISSN=1994-6309
https://www.ebscohost.com/titleLists/aps-coverage.htm
http://www.nstu.ru/
tel:+7 (383) 346-17-75
http://journals.nstu.ru/obrabotka_metallov
http://ulrichsweb.serialssolutions.com/login
http://ciu.nstu.ru/kaf/persons/50889
http://ciu.nstu.ru/kaf/persons/20541
http://ciu.nstu.ru/kaf/persons/947
http://en.nstu.ru/about_nstu/administration/#1
https://journals.nstu.ru/obrabotka_metallov/editorial_board

% OBRABOTKA METALLOV
EDITORIAL COUNCIL
CHAIRMAN:
Nikolai V. Pustovoy, D.Sc. (Engineering), Professor,
President, Novosibirsk State Technical University,
Novosibirsk, Russian Federation
MEMBERS:

4

The Federative Republic of Brazil:

Alberto Moreira Jorge Junior, Dr.-Ing., Full Professor;
Federal University of Sao Carlos, Sdo Carlos

The Federal Republic of Germany:

Moniko Greif, Dr.-Ing., Professor,
Hochschule RheinMain University of Applied Sciences, Russelsheim

Florian Niirnberger, Dr.-Ing.,
Chief Engineer and Head of the Department “Technology of Materials”,
Leibniz Universitidt Hannover, Garbsen;

Thomas Hassel, Dr.-Ing.,
Head of Underwater Technology Center Hanover,
Leibniz Universitat Hannover, Garbsen

The Spain:
Andrey L. Chuvilin, Ph.D. (Physics and Mathematics),
Ikerbasque Research Professor,
Head of Electron Microscopy Laboratory “CIC nanoGUNE”,
San Sebastian
The Republic of Belarus:

Fyodor 1. Panteleenko, D.Sc. (Engineering), Professor,
First Vice-Rector, Corresponding Member of National Academy of Sciences of Belarus,
Belarusian National Technical University, Minsk

The Ukraine:
Sergiy V. Kovalevskyy, D.Sc. (Engineering), Professor,
Vice Rector for Research and Academic Affairs,
Donbass State Engineering Academy, Kramatorsk

The Russian Federation:
Vladimir G. Atapin, D.Sc. (Engineering), Professor,
Novosibirsk State Technical University, Novosibirsk;

Victor P. Balkov, Deputy general director,
Research and Development Tooling Institute “VNIIINSTRUMENT”, Moscow;

Vladimir A. Bataev, D.Sc. (Engineering), Professor,
Novosibirsk State Technical University, Novosibirsk;

Vladimir G. Burov, D.Sc. (Engineering), Professor,
Novosibirsk State Technical University, Novosibirsk;

Aleksandr N. Gerasenko, Director,
Scientific and Production company ‘“Mashservispribor”’, Novosibirsk;
Sergey V. Kirsanov, D.Sc. (Engineering), Professor,
National Research Tomsk Polytechnic University, Tomsk;

Aleksandr N. Korotkov, D.Sc. (Engineering), Professor,
Kuzbass State Technical University, Kemerovo;

Evgeniy A. Kudryashov, D.Sc. (Engineering), Professor,
Southwest State University, Kursk;

Dmitry V. Lobanov, D.Sc. (Engineering), Associate Professor,
LN. Ulianov Chuvash State University, Cheboksary;

Aleksey V. Makarov, D.Sc. (Engineering), Corresponding Member of RAS,
Head of division, Head of laboratory (Laboratory of Mechanical Properties)
M.N. Miheev Institute of Metal Physics,

Russian Academy of Sciences (Ural Branch), Yekaterinburg;

Aleksandr G. Ovcharenko, D.Sc. (Engineering), Professor,
Biysk Technological Institute, Biysk;

Yuriy N. Saraev, D.Sc. (Engineering), Professor,
Institute of Strength Physics and Materials Science,
Russian Academy of Sciences (Siberian Branch), Tomsk;
Alexander S. Yanyushkin, D.Sc. (Engineering), Professor,
LN. Ulianov Chuvash State University, Cheboksary

Vol. 23 No. 4 2021

EDITORIAL COUNCIL


https://www.tr-73.de/index.php/en/component/lftpages/?view=mitarbeiter&id=171
http://en.nstu.ru/about_nstu/administration/
http://www.dema.ufscar.br/portal/index.php/departamento/corpo-docente/11-alberto-moreira-jorge-jr
http://www.hs-rm.de/en/rheinmain-university/people/greif-moniko/
http://www.tr-73.de/index.php/en/component/lftpages/?view=mitarbeiter&id=52
http://en.bntu.by/mechanical-and-technological-faculty/departments/powder-metallurgy-welding-and-materials-technology
http://www.dgma.donetsk.ua/kovalevskiy.html
https://www.nanogune.eu/andrey-chuvilin
http://ciu.nstu.ru/kaf/persons/997
http://ciu.nstu.ru/kaf/persons/927
http://ciu.nstu.ru/kaf/persons/907
https://journals.nstu.ru/obrabotka_metallov/editorial_board
http://portal.tpu.ru/SHARED/k/KIRSSANOV/eng
https://kuzstu.ru/department/institut-informatsionnikh-tekhnologii-mashinostroeniya-i-avtotransporta/kafedra-metallorezhushchikh-stankov-i-instrumentov/
https://sites.google.com/view/kudryashov-e-a/%D0%B3%D0%BB%D0%B0%D0%B2%D0%BD%D0%B0%D1%8F
http://mash_fak.chuvsu.ru/index.php/tm/2012-06-16-14-03-42
http://www.imp.uran.ru/?q=en/user_card&sotrudnik=1453
http://www.bti.secna.ru/ovcharenko-aleksandr-grigorevich/
http://www.ispms.ru/ru/persons/23/
http://mash_fak.chuvsu.ru/index.php/tm/2012-06-16-14-03-42

CONTENTS OBRABOTKA METALLOV

CONTENTS

TECHNOLOGY

Yusubov N.D., Abbasova H.M. Full-factor matrix model of accuracy of dimensions performed on CNC
UL -PUIPOSCIMACKINES. ....c.vviiiiiiiie ettt et et e et e e s tbeestbeesabeestse e seeessaeessaeesseesssaessseessseessseessseensseans

Sheladiya M.V., Acharya S.G., Kothari A.M., Acharya G.D. Application of digital image processing
technique in the microstructure analysis and the machinability Investigation.............cccceevuerierieriieeiieeieeieeens

Buzaev D.A., Zubkov N.N. Influence of the parameters of deforming cutting on the features of the resulting
SLOtEEA fIIERT STIUCTUTES. ... .ottt ettt ettt b ettt bt bt et bt e bt et et sbeeaeenees

EQUIPMENT. INSTRUMENTS

Kulkarni A.P., Chinchanikar S., Sargade V.G. Dimensional analysis and ANN simulation of chip-tool
interface temperature during turning SS304.........cccveiiiiiiiiiieiecece ettt s sre s resrestbesraestresenesssennnas

Vasiliev S.A., Alekseev V.V., Fedorova A.A., Lobanov D.V. Investigation of complex surfaces of propellers
of vehicles by a mechatronic Profilograph...........ccccccuiiiiiiiiiiiiiciecieee et re e e v e ebeeebeesbeesseesbeesseens

Efimovich L.A., Zolotukhin L.S. Study of the stress-strain and temperature fields in cutting tools using laser
AL 0 15310100113 2RSSR PRUPRUURRUPRRRR

MATERIAL SCIENCE

Sokolov R.A., Novikov V.F., Muratov K.R., Venediktov A.N. Assessment of the effect of the steels structure
dispersion on its magnetic and mechanical PrOPETtIes.........ccuerierierierierierieeie ettt ens

Fedorov V.V., Rygin A.V., Klimenov V.A., Martyushev N.V., Klopotov A.A., Strelkova L.L., Matrenin
S.V., Batranin A.V., Deryusheva V.N. Structural and mechanical properties of stainless steel formed under
conditions of layer-by-layer fusion of a wire by an electron beam...........c.ccevveerieriieriieniieiie e

Zakharchenko K.V., Kapustin V.I., Larichkin A.Yu. Enhanced assessment of technological factors for
Ti-6A1-4V and Al-Cu-Mg Strength PropPerties. .....cc.eeiieruieriieriierieeie ettt sttt st e st esaaesaeesaeeseeeas

Kalashnikova T.A., Beloborodov V.A., Osipovich K.S., Vorontsov A.V., Kalashnikov K.N. Stir zone
material flow patterns during friction stir welding of heavy gauge AA5056 workpieces and stability of its
MECRANTCAL PIOPEITIES. ...iiiiiiiiiiieeeeiiieee e ettt e e e ettt e e e e e etb e e e e e e eeabaeeaeeeasttaaeeaeeesssssaaaaeesssssaeaesesnnssseeaaeans

Krutskii Yu.L., Maksimovskii E.A., Petrov R.V., Netskina O.V., Ukhina A.V., Krutskaya T.M.,
Gudyma T.S. Synthesis of titanium carbide and titanium diboride for metal processing and ceramics
U016 13113 o) PR UPRRUUPSRPPR

EDITORIAL MATERIALS

Guidelines for Writing a SCIeNtific PAPET ........coouiiiiiiiiiiieieiee ettt
ADSLTACT TEQUITEIMEIIES ... ..eeutieueieiteeiieeie et et eteeteeateeateeateesteeateeateeateeateeaseeseeensesaeesasesaeeenseeneesseesaeesneasnnesneesneesneens

RULES TOT QULROTS .ot e et e e e e e et e et e eeeenerereeeeeeeens

FOUNDERS MATERIALS

Vol. 23 No. 4 2021

Cm

21

33

47

65

79

93

111

125

140

5



TECHNOLOGY

OBRABOTKA METALLOV %

Obrabotka metallov (tekhnologiya, oborudovanie, instrumenty) = Metal Working and Material Science. 2021 vol. 23 no. 4 pp. 21-32
ISSN: 1994-6309 (print) / 2541-819X (online)
DOI: 10.17212/1994-6309-2021-23.4-21-32

NETI

NST Obrabotka metallov -

WEOTKA

'AJUIOB

Metal Working and Material Science

TEKHONOTHA
OBOPYIOBAHWE
WHCTPYMERTBI

Journal homepage: http://journals.nstu.ru/obrabotka_metallov

Application of digital image processing technique in the microstructure analysis

and the machinability investigation

Manojkumar Sheladiya L24" Shailee Acharya *b Ashish Kothari ¢, Ghanshyam Acharya »d

1Gujarat Technological University, Ahmedabad, 382424, India
Atmiya University, Faculty of Engineering & Technology, Yogidham Gurukul, Kalawad Road, Rajkot, 360005, India
Sardar Vallabhbhai Patel Institute of Technology, Affiliated to GTU, Vasad, 388306, India
Atmiya Institute of Technology and Science, Yogidham Gurukul, Kalawad Road, Rajkot, 360005, India

~

3
4

a

https://orcid.org/0000-0002-9154-3355, (=) mvsheladiya@gmail.com, b
https://orcid.org/0000-0002-1981-8465, e amkothari.ec@gmail.com, ¢

https://orcid.org/0000-0001-6428-8961, 9 shailee.acharya@gmail.com,
https://orcid.org/0000-0002-3580-3116, (=) gdacharya@rediffmail.com

ARTICLE INFO

ABSTRACT

Article history:

Received: 11 July 2021

Revised: 30 July 2021

Accepted: 07 September 2021
Available online: 15 December 2021

Keywords:
Machinability Index
ASTM A 48 Class 20
K-means clustering
Mould-metal interface

Acknowledgment

The group of authors is much obligated
to the Krislur Castomech Pvt. Ltd.,
Bhavanagar, Gujarat, India for availing
the facility for the experimentation.

Introduction. The world is at the stage of creating an interdisciplinary approach that will be implemented in
metallurgical research. The paper formulates the technique of image analysis in the study of processing at different
depths from the mold-metal interface. The purpose of the work. Processing of a cast-iron workpiece within the
first 3.5 mm of thickness from the mold-metal interface is a serious problem of solid processing. The study of
machinability at different depths is a key requirement of the industry for ease of processing. Machinability will
determine a number of factors, including tool consumption, workpiece surface quality, energy consumption, etc.
The method of investigation. Image analysis is performed to determine the percentage of graphite in etched and
non-etched samples. K-means clustering allows to create a new image from a given one with a clear separation of
white and black areas by converting a digital image into a binary image using a threshold value for segmentation.
The volume fraction of perlite, the volume fraction of graphite and the average size of graphite flakes in microns are
used as input variables for the machinability of cast iron. Results and discussion. The output, that is, the segmented
image, will be the input function for calculating the workability index using formulas. Thus, microstructural analysis
will help predict the workability index of grey cast iron ASTM A48 Class 20. Using this method and the program,
based on the microstructure, it is possible to predict in advance the characteristics of the machining of the part, taking
into account possible changes in the casting process itself.

For citation: Sheladiya M.V., Acharya S.G., Kothari A.M., Acharya G.D. Application of digital image processing technique in the microstructure
analysis and the machinability investigation. Obrabotka metallov (tekhnologiva, oborudovanie, instrumenty) = Metal Working and Material
Science, 2021, vol. 23, no. 4, pp. 21-32. DOI: 10.17212/1994-6309-2021-23.4-21-32. (In Russian).

Introduction

It is undoubted that the thermophysical properties of the material largely depend on the microstructure.
Thus, its quantitative assessment and characterization become necessary for their prediction. Image analysis
in this case may be of key importance. Modern image analysis software can accurately determine the
number of structural elements in terms of size, shape and volume fraction [1].

When refers to the microstructure, it is usually meant the location of phases, defects and grain orientation.
The phase has a certain chemical composition and/or crystal structure and is separated by a distinct boundary.
Microstructures can be observed and analyzed using different microscopy techniques [2].

* Corresponding author

Sheladiya Manojkumar V., M.Tech.(Engineering), Assistant Professor
Atmiya University, Faculty of Engineering & Technology,

Yogidham Gurukul, Kalawad Road,
360005, Rajkot, Gujarat, India.

Tel.: +91-9898278267, e-mail: mvsheladiya@gmail.com

Vol. 23 No. 4 2021 %


https://orcid.org/0000-0002-9154-3355
mailto:mvsheladiya@gmail.com
https://orcid.org/0000-0001-6428-8961
mailto:shailee.acharya@gmail.com
https://orcid.org/0000-0002-1981-8465
mailto:amkothari.ec@gmail.com
https://orcid.org/0000-0002-3580-3116
mailto:gdacharya@rediffmail.com
http://journals.nstu.ru/obrabotka_metallov
tel:+91-9898278267
mailto:mvsheladiya@gmail.com

% OBRABOTKA METALLOV TECHNOLOGY

Microstructure characteristics, i.e. grain size, are measured on a micron (or millimeter) scale. Qualitative
and quantitative data become available from the microstructure. This indicates the importance of analyzing
microstructural images [3, 4].

In a decision-oriented application, when segmenting an image, pixels can be accurately classified into
several different multiple segments[5, 6]. Image segmentation divides an image into several discrete regions
based on pixel similarity. There are many applications of this method, including medical image processing,
healthcare, traffic image processing, metallurgical industry, pattern recognition, etc. [7-9]. There are
many methods of image segmentation, including clustering-based, neural network-based, threshold-based,
edge-based, etc. Considering user-friendliness and reliable results, better image segmentation is generally
performed by clustering method including k-means, fuzzy c-means, and subtractive clustering, etc. [10]

K-means clustering algorithm is one of the best choices for the users. It is simple in execution and
faster in computation than other clusterings [11]. It is having the potential to work with a large number of
variables and producing different results for different clusters. So, it is essential to start with the proper
number of K-clusters. After that, it is essential to start with & — number of centroids. The initial centroid
numbers will decide the clusters. So, it is an indication that proper selection of the value of centroid is an
essential task [12]. Many methods for the segmentation of color images had been exited. But most of them
are application-based. So still there is no universal method for color image segmentation till now. The
working of the k~~-means clustering is shown in figure 1 in the form of a flow chart.

Start

it
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Mumber of
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} ]
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Fig. 1. K-means clustering flow chart

The purpose of the work is to obtain microstructural quantifiable information using image analysis and
use it to predict the machinability of the material. There is a close relationship between machinability and
quantifiable microstructural information available through image analysis software. There is also a need to
apply interdisciplinary approaches in the field of mechanical engineering.

Methods

The fundamental purpose of image segmentation is to transform an image into an interpreted form for
further analysis. But most of the input images are taken from many areas based on the different applications.
Some images are not visible, some of them have noise, and some are of poor quality. Therefore they need
to be pre-processed before being sent for segmentation [13]. There are so many pre-processing techniques.

% Tom 23 Ne 4 2021
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These techniques can be classified into various types based on the type of processing such as point
processing, mask processing, noise removal, etc. Based on the input image type, one of the techniques is
used. But point processing techniques are most commonly used because of many advantages. In the wide
range of applications including microstructural image processing and analysis, digital image processing
plays a very important role. A computer algorithm is used for digital image pixel processing.

In image processing, complex algorithms are used for easier tasks, which eliminates signal distortion
and noise increasing. Two-dimensional images can be modeled for multidimensional systems using digital
image processing [14, 15] . In this research work, the same method of digital image processing is employed
for the microstructure characterization of flaked graphite cast iron.

There are two methods for capturing the images either using a digital camera or analog. However,
effects such as lighting, noise, resolution and others make it necessary to use digital image processing
techniques. It makes it possible to convert a relatively poor image into a high-quality one. In the current
research work, flaked graphite images are taken with a digital microscope and further processing has been
done for the desired results.

The microstructural observation is performed at different magnifications as per the requirement. The
main purpose of microstructural analysis is to evaluate the microstructure, which is performed to correlate
the microstructure as input data with various mechanical properties, including malleability, brittleness and
plasticity at the output. [16] Microstructural images with dark spots taken by any method required further
post-processing. It consisted of pre-processing, edge detection and filtering [17]. Initially, the image is
segmented with a pre-defined threshold value with intensifying. After that, the grain boundary of the flaked
graphite in the cast iron is identified with the edge detection technique.

K-Means clustering algorithm

The center position of each cluster is defined using K-clusters in the K-means clustering technique [ 18-
20]. The iterations over the steps continue until a constant minimal sum of square error. The typical steps
include calculating the mean value of each cluster, assigning each point to the nearest cluster based on cal-
culating the distance from the mean value. At the same time, the following mathematical condition is met.

b

K 4
D=3 3[G:-2;
J=ti=l

where, dj and Z, are the number of pixels and the center of the j’h cluster, K is the total number of clusters.
The K-means procedure targets to minimize D by satisfying the following condition:

1

J gieC ¥

In the dataset G = {g, /=1, 2, ..., n}, g is a sample in the d-dimensional space and C = {C|, C,,
Cq} is the segment that fulfilled G= Uq, =1 C..

The microstructure images of grey cast iron with flaked graphite are evaluated for the machinability. For
this purpose, test samples are prepared for analysis. The machining of cast iron workpiece within the first
3.5 mm thickness from the mould-metal interface is a critical problem in hard processing. The microstructure
formed within the initial 3.5 mm of the mould-metal interface is evaluated with a digital microscope. The ma-
chinability calculation required graphite percentage which is difficult to determine in the digital microscope.

The requirement is fulfilled by k-means clustering in Python. Figure 2 shows the input image fed in the
Python program and on the right side processed image is available as an output of the given input image in
the plot section of the Python Software. Table 1 shows the percentage of the white area, which is pearlite,
and the percentage of the black area, which is graphite, obtained as an output of K-means clustering. The
samples are etched in Nital for a clear view of the boundary. Table 2 represents etched condition sample
microstructure output. The volume percentage of the pearlite and ferrite is available after etching of the
samples.

Vol. 23 No. 42021 CM
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Fig. 2. Image of microstructure at different depths from interface and processed images:

a —at 0.5 mm depth from surface and processed image; b — at 1.0 mm depth from surface and processed

image; ¢ — at 1.5 mm depth from surface and processed image; d — at 2.0 mm depth from surface and

processed image; e — at 2.5 mm depth from surface and processed image; f—at 3.0 mm depth from surface
and processed image; g — at 3.5 mm depth from surface and processed image
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Table 1

Non-Etched Condition sample microstructure output

Depth from surface White percentage Black Percentage (Graphite)
0.5 mm 84.56 15.44
1.0 mm 87.57 12.43
1.5 mm 87.57 12.43
2.0 mm 90.30 9.70
2.5 mm 86.44 13.56
3.0 mm 85.23 14.77
3.5mm 84.84 15.16

Table 2
Etched Condition sample microstructure output
Depth from surface Black Percentage (Pearlite) White Percentage (Ferrite)
0.5 mm 65.73 34.27
1.0 mm 44.41 55.59
1.5 mm 49.98 50.02
2.0 mm 52.02 47.98
2.5 mm 67.30 32.70
3.0 mm 66.51 33.49
3.5 mm 57.57 42.43

Vol. 23 No. 4 2021 %
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Results and Discussion

An important indicator of machinability in the case of solid ferrous metal is hardness. The microstruc-
ture is a more fundamental indicator in the case of gray cast iron [22].

In 1956, Moore and Lord investigated the effect of microstructure on the machinability index and devel-
oped an equation specifically intended for gray cast iron [23].

M=1955-1,26-V,, +11,7- Vg +1,26 - S,

Where V _and V' refer to the volume fractions of pearlite and graphite in the microstructure, respectively.
Sg is determined by the average size of the graphite flakes in microns. Table 3 indicates the relationship
between machinability as an output parameter and microstructural parameters as input parameters. Figure 3
shows the variation of the machinability at the different depths from the mould-metal interface.

Table 3
Machinability values vs input parameters
Depth from Volume fraction Volume fraction | Average size of graphite Machinability
surface of pearlite, va of Graphite, va flakes in mm, Sg Index, M
0.5 65.73 15.44 3.559 304.0129
1.0 44.41 12.43 5.315 300.9336
1.5 49.98 12.43 5.680 295.0068
2.0 52.02 9.70 5.249 259.2040
2.5 67.30 13.56 5.091 284.6398
3.0 66.51 14.77 6.055 302.6858
3.5 57.57 15.16 5.175 317.5972

M achinability —e— Machinability
320
310
300
290
280
270
260
250
240

0 0,5 1 1,5 2 25 3

Depth from Surface

Machinability

(8 )
"
n
.

Fig. 3. Machinability at different depth from M-M interface

Conclusion

The current study examines the workability index of grey cast iron at different depths from the surface.
The available value of machinability is found maximum at a depth close to 3.5 mm. Volume fraction of
pearlite, graphite, and average graphite flakes are considered as an input function for machinability. The
higher value of graphite flakes dominates the machinability index value.
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Appendix: 1 Program
The program for the k-means clustering in Python is as under.

import cv2
import numpy as np
import matplotlib.pyplot as plt
from sklearn.cluster import KMeans
def centroid histogram(clt):
# grab the number of different clusters and create a histogram
# based on the number of pixels assigned to each cluster
numLabels = np.arange(0, len(np.unique(clt.labels )) + 1)
(hist, ) =np.histogram(clt.labels_, bins = numLabels)
# normalize the histogram, such that it sums to one
hist = hist.astype(“float”)
hist /= hist.sum()
# return the histogram
return hist
def plot_colors(hist, centroids):
bar = np.zeros((50, 300, 3), dtype = “uint8”)
startX = 0
for (percent, color) in zip(hist, centroids):
print(‘Color = *, color)
print(‘Percentage = “,”%.2f” % (percent*100))
endX = startX + (percent * 300)
cv2.rectangle(bar, (int(startX), 0), (int(endX), 50),color.astype(“uint8”).tolist(), -1)
startX = endX
return bar
k=2
image image = ‘0.5.jpg’
image = cv2.imread(image image)
image = cv2.cvtColor(image, cv2.COLOR BGR2RGB)
image = image.reshape((image.shape[0] * image.shape[1], 3))
clt = KMeans(n_clusters = k)
clt.fit(image)
hist = centroid_histogram(clt)
bar = plot_colors(hist, clt.cluster centers )
plt.figure()
plt.axis(“off”)
plt.imshow(bar)
plt.show()
imagel = cv2.imread(image image)
imagel = cv2.cvtColor(imagel, cv2.COLOR BGR2RGB)
pixel values = imagel.reshape((-1, 3))
pixel values = np.float32(pixel values)
criteria = (cv2.TERM_CRITERIA_EPS + ¢v2. TERM_CRITERIA_ MAX_ITER, 100, 0.2)
_, labels, (centers) = cv2.kmeans(pixel _values, k, None, criteria, 10, cv2. KMEANS RANDOM_CENTERS)
centers = np.uint8(centers)
labels = labels.flatten()
segmented image = centers|labels.flatten()]
segmented image = segmented image.reshape(imagel.shape)
plt.figure()
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plt.axis(“off”)

plt.imshow(segmented image)

img3 = cv2.hconcat([imagel,segmented image])
cv2.imshow(‘K Means Clustering’,img3)

cv2.waitKey(0) # waits until a key is pressed
cv2.destroyAllWindows() # destroys the window showing image

Appendix: 2 Program

Figure 4 shows the microstructure input data and corresponding snap of the segregation of the black and
white area as output in Python.

Variable explorer Help Plots Fles

Fig. 4. Microstructure and segregation by K-means clustering in Python
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