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Abstract— Heat-treated steels (hardened with 

subsequent high-temperature tempering) are widely used in 

the manufacture of critical parts subjected to elastic and 

impact loads. The publication examines their machinability 

when machining on CNC lathes with robotic feed. The 

average roughness of the machined surfaces – Ra – was used 

as a criterion for their machinability. Based on the 

experimental results, regression models were developed and 

optimization of the technological process was performed. 
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I. INTRODUCTION 

The development of industrial production in the 21st 
century is marked by the rapid introduction of new 
technologies [1] – [5], which fundamentally change the 
way of organization, management and efficiency of 
production processes. One of the main drivers of this 
transformation are the machines with numerical program 
control (CNC – Computer Numerical Control), which 
allow achieving high accuracy, repeatability and flexibility 
in the processing of parts [6] – [9]. 

Despite their advantages, CNC machines have one 
serious drawback – their high productivity is often not used 
effectively due to the need for manual operation. Loading 
and unloading of parts, changing pallets and handling of 
blanks are usually performed by operators, which leads to 
unpredictable downtime and limits production capacity. 
According to a number of studies, auxiliary operations 
account for 25÷40% of the total production cycle time [10]. 
This means that even the most modern CNC machine 
cannot reach its full potential without an integrated 
automated feeding system. 

Here, the role of industrial robotics comes to the fore. 
Robots for servicing CNC machines provide reliable, fast 
and safe manipulation of blanks and finished parts, 
eliminating or significantly reducing downtime. The 
implementation of such systems creates conditions for 
“lights-out manufacturing” – production without operators, 

which is especially relevant in conditions of shortage of 
qualified labor [11] – [16].  

All this clearly shows the relevance of the issue of 
optimizing technological processes in machining parts on 
CNC machines using robotic feeding. The topic is 
strategic for the development of the Bulgarian industry in 
the context of its integration into the European production 
network and the achievement of the goals of Industry 4.0 
and Industry 5.0 [17] –[24]. 

II.MATERIALS AND METODS 

The machined parts - Fig. 1, are made of 42CrMo4 
steel. This is a medium-alloyed, hardenable structural steel 
for the production of machine elements. 

 
Fig.1. Machined parts. 

 

 After heat treatment (oil quenching and high-
temperature tempering) – Fig. 2, the hardness of the 
parts is HRC 35, and the yield strength R0.2 ≥ 850 
MPa. The chemical composition of the steel according 
to DIN EN ISO 683-2 is presented in Table 1 [25]. 
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Fig.2. Time-temperature curve of the thermal treatment of the parts. 

 

TABLE 1  СHEMICAL СOMPOSITION OF THE STEEL 

С Si Mn Ni Cr Мо P Cu 

0.405 0.239 0.652 0.110 0.894 0.180 0.012 0.227 
 

The experiments were conducted in industrial 
conditions on a HARRIS C320KTT CNC lathe – Fig. 3, 
with an RV-8CRL robotic feeding station – Fig. 4. 

 

Fig. 3. General view of the HARRIS C 320KTT CNC lathe. 

 

Fig.4. Robotic station RV-8CRL. 

The roughness of the machined surfaces was measured 
on the inner diameters of the parts Ø50.85 and Ø46.85 with 
a TESA Rugosurf 20 profilometer using the criterion 
"arithmetic mean deviation from the profile centerline" - 
Ra. 

III. RESULTS AND DISCUSSION 

In order to analyze the machinability of the details in 
the robotic feeding, mathematical models were compiled 
and a statistical analysis was conducted – AnoVA 
(Analysis of Variance). In it, the cutting speed (Vc, m/min) 
– X1, and the feed ( f, mm/rev ) – X2, were selected as input 
variables (controlled factors). The average roughness (Ra, 
µm) of the machined internal surfaces – Y1 (Ø50.85 ) and 
Y2 (Ø 46.85 ) were studied as objective functions. 

The compilation of the mathematical models is based 
on the obtained experimental results at cutting speed - Vc 
140÷180 mm/min and feed - f 0.045÷0.065 mm/tur. 

Table 2 presents the levels of variation of the 
controlling factors, and Table 3 presents the average 
values of the studied parameters used to compile the 
mathematical model. 

Based on the values in Table 3, the experimental plan 
was completed – Table 4. 

TABLE 2  LEVEL OF VARIATION 

Areas of 

variation 

X1, 

(Vc, m/min) 

X2, 

(f, mm/tur) 

Coded values 

Xi0 + ΔXi 180 0,65 +1 

Xi0 160 0,55 0 

Xi0 - ΔXi 140 0,45 -1 

TABLE 3  AVERAGE EXPERIMENTAL RESULTS 

X1, 
(Vc, m/min) 

изследвани 
параметри 

X2, (f, mm/tur) 

0,45 0,55 0,65 

140 
Y1, (Ra, µm) 0,248 0,346 0,445 

Y2, (Rа, µm) 0,268 0,359 0,470 

160 
Y1, (Ra, µm) 0,186 0,244 0,311 

Y2, (Rа, µm) 0,248 0,291 0,347 

180 
Y1, (Ra, µm) 0,158 0,188 0,240 

Y2, (Rа, µm) 0,208 0,602 0,309 

TABLE 4  EXPERIMENTAL PLAN 

№ 
Х0 Х1 Х2 Х1 Х2 Х1

2 Х2
2 

Y1 

(Ra, µm) 

Y2 

(Rа, µm) 

1 +1 +1 +1 +1 +1 +1 0,240 0,309 

2 +1 -1 +1 -1 +1 +1 0,445 0,470 

3 +1 +1 -1 -1 +1 +1 0,158 0,208 

4 +1 -1 -1 +1 +1 +1 0,248 0,268 

5 +1 +1 0 0 +1 0 0,188 0,602 

6 +1 -1 0 0 +1 0 0,346 0,359 

7 +1 0 +1 0 0 +1 0,311 0,347 

8 +1 0 -1 0 0 +1 0,186 0,248 

9 +1 0 0 0 0 0 0,244 0,291 

 
The processing of the obtained results for the studied 

objective functions – Y1 and Y2, leads to the determination 
of linear regression equations of the type: 

 

  Y1,2 = b0 - b1x1 +b2x2 - b11x11 + b22 x22 - b12 x12      (1) 
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The calculated model coefficients for Y1 and Y2 
according to [26] – [34] are presented in Table 5. 

TABLE 5  COEFFICIENTS OF REGRESSION EQUATIONS 

 b0 b1 b2 b11 b22 b12 
Y1 0,2423 -0,0772 0,069 -0,0255 0,007 -0,0313 

Y2 1,2032 -0,3068 0,2217 -0,0448 0,0057 -0,041 
 

The obtained regression models for determining the 
average roughness Y1 and Y2 (Ra, µm) are represented by 
equations 3 and 4. 

Y1 = 0,2423-0,0772X1+0,069X2-0,0255X11+0,007X22– 

 -0,0313X12                                                                     (3) 

 

Y2=1,203-0,3068X1 +0,2217X2-0,0448X11+0,0057X22– 

-0,041X12                                                                        (4) 

 
The adequacy check of the models according to the 

Fisher criterion [35] – [37] shows that they are adequate. 

The graphical dependencies for 3 and 4 are presented 
in Fig. 4 and 6, respectively. 

  
a. b. 

Fig.3. Visualization of the solutions of the regression model for Y1(Ra, 

µm) when machining a hole Ø50.85  
in two- and three-coordinate systems (a and b). 

 

  
а. b. 

Fig.4. Visualization of the solutions of the regression model for Y1(Ra, 
µm) when machining a hole Ø46.85  

in two- and three-coordinate systems (a and b). 
 

When conducting the analysis of variance of the 
model, Qv Stat Lab AnoVA was used. The graphical 
interpretation of the results for the three coded values for 
Y1 and Y2 (Ra, µm) are presented in Fig. 5 and 6, 
respectively. 

 
  

Fig. 5. Analysis of variance of the dependence Y1 = f (X1, X2) 

at X-1; X0  and X+1. 
 

 
 

Fig. 6. Analysis of variance of the dependence Y2= f (X1, X2) 
at X-1; X0  and X+1. 

 

The optimization of the technological process for the 
machinability of short rotary parts from improveable steels 
with robotic feeding was made based on set values Y1 min 
and Y2min. It was carried out by random search with 
increasing density (genetic algorithm) [31] – [33]. The 
graphical interpretation is shown in Fig. 7 and 8. for 
machined holes Ø50.85 and Ø46.85, respectively. 

 
 

Fig.7. Optimization of the technological process for machining holes 

Ø50.85 at Y1min. 
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Fig.7. Optimization of the technological process for machining holes 

Ø46.85 at Y2min. 
    

 

IV. CONCLUSIONS 

The following more important conclusions can be 
formulated from the conducted research and the results 
obtained: 

• The machinability of improved medium-alloy 
structural steels was studied when machining short 
rotary parts on CNC lathes with robotic feeding 
according to the criterion of average roughness 
deviation on the machined surfaces - Ra. 

• Empirical models of the studied functions were 
compiled and their adequacy was checked using the 
Fisher criterion. 

• The dispersion analysis performed has shown that 
optimal working conditions for the given material, 
speed and feed are achieved at Vc = 180 m/min and 
f = 0.45 mm/tur.  

• The optimization of the technological process was 
done based on the given values Y1 min and Y2 min. 
It was carried out by random search with increasing 
density (genetic algorithm). 

REFERENCES 

[1] V. Toshkov, Nitriding in low-temperature plasma, King, Sofia, 
2013. 

[2] I. Vinev, I. Miteva, Kinetics of Boride Layer Growth in Semi-
Permeable Iron-Carbon-Cupper Powder Materials, UISC 
“Unitech”, 2019, 15-16, November 2019, Gabrovo, Proceeding 
v.II, pp 235-238, ISSN 1313-230X. 

[3] I. Mitev and  S. Tsenkulovski, Local Processing of Non-Metal 
Materials with Concentrated Energy Flow, 14th ISPC 
“Environment Technology Resources”, Rezekne, Latvia, Vol. 3, 
2023, pp.183÷186,ISSN 1691-5402 print; ISSN 2256-070X online 

[4] I. Miteva, I.Vinev and I.Mitev, Features of Alloying Matrix of 
Water-dispersed Iron Powders, 13th International Scientific and 
Practical Conference, 15.06.2021, Rezekne Academy of 
Technologies, Rezekne, Latvia,рр.226÷231 

[5] An. Lengerov, D., Petrova, M., Bozhakov, Technological 
Assurance Of The Milling Process Of Prismatic Channels In Heat 
Exchange Aluminum Alloys, Vide. Tehnologija. Resursi - 
Environment, Technology, Resources, Volume 3, Pages 154 – 
157, 2024,  15th International Scientific and Practical Conference 
on Environment. Technology. Resources, ETR 2024, Rezekne 27 
June 2024 through 28 June 2024, ISSN 16915402, ISBN 978-
171389957-0, DOI: https://doi.org/10.17770/etr2024vol3.8163, 
ISSN 0094243X, 15517616. SJR=0,167. 

[6] V. Konnur et al., Analysis of CNC turning parameters and 
simultaneous optimisation of surface roughness and material 

removal rate by MOGA for AISI 4340 alloy steel. Advances in 
Materials and Processing Technologies, 2024, 10 (4), 3885÷3908. 

[7] I. Samsonov et al.,  A. Research on the design features of block-
module tooling used on CNC machine tools. Part 1 – Analysis of 
block-module tooling used on CNC lathes. Volga Scientific 
Journal, volume 52 (12-3), 2015, 74÷80. 

[8] V. Patel and R. Singh, Precision Robotics for CNC Machining. 
Industrial Automation Today, vol. 25, no. 5, 2020 

[9] H. Metev, I. Aleksandrova, N. Kolev. Investigation of The 
Machinability of 42CrMo4+QT Steel in Tool Turning with 
Carbide Inserts on CNC Machines with Robotic Power Supply. 
Environment. Technology. Resources. Proceedings of the 16th 
International Scientific and Practical Conference. Rezekne, 
Latvia, 2025, vol. IV pp. 225 - 233. 
https://doi.org/10.17770/etr2025vol4.8414,  ISSN 2256-070X. 

[10] G. Karlovski et al.,  Selection of Instrumentation Based on 
Statistical Analysis, XXXII International Scientific Symposium 
“Metrology and Metrology Assurance 2022”, Sozopol, 2022, 978-
1-6654-8569-2/©2022 IEEE, DOI: 
https://doi.org/10.1109/MMA55579.2022.9992429 

[11] A. Shah, The Impact of Robotics on Manufacturing Efficiency 
and Productivity, Frontiers in Robotics and Automation, vol. 1, 
73÷84, 2024. 

[12] T. Simajaya et al. Workpiece Handling Systemusing 6-DOF 
Manipulator Robot for CNC Lathe Machine. Cyliinder: Jurnal 
Ilmiah Teknik Mesin. Vol. 3. No 2. 2017. 

[13] B. Stewart, Overcoming Challenges in Six-Axis Robotic CNC 
Integration,  Industrial Robotics Engineering, vol. 28, no. 2, 2020.  

[14] K. Chan, Cartesian Robots and Their Role in CNC Operations. 
Automation & Manufacturing, vol. 29, no. 2, 2021. 

[15] M. Javaid et al., Significant Capabilities of Robotics in Enhancing 
Industry 4.0 Implementation, Materials Today: Proceedings, 2021. 

[16] R. James and S. Kumar, Challenges and Opportunities in Robotic 
CNC Machining. Robotics & Automation, vol. 14, no. 3, 2020. 

[17] J. Ribeiro et al. Robotic Process Automation and Artificial 
Intelligence in Industry 4.0 – A Literature review / Procedia 
Computer Science 181 (2021). 51÷58. 

[18] A. Souza, et al. Industry 4.0: Machine Learning to Monitor the 
Life Span of Cutting Tools in an Automotive Production Line, 
January 2021, International Journal of Advanced Engineering 
Research and Science 8(5):220÷228. 

[19] D. Petrova, An Alternative Approach to Reducing Aging of 
Innovative Industrial Products in Terms of Industry 4.0, 
Environment. Technology. Recourses – Proceeding of the 13-th 
International Scientific and Practical Conference, Rezekne 
Academy of Technologies, Rezekne, Latvia, 2021, ISSN 1691-
5402, Online ISSN 2256-070X, 
https://doi.org/10.17770/etr2021vol3.6507 p. 274-280, scopus. 
SJR=0,113. 

[20] Petrova, D., An Approach to Modeling Innovation Obsolescence, 
Vide. Tehnologija. Resursi - Environment, Technology, 
Resources, Proceeding of the 14th International Scientific and 
Practical Conference, 2023, Volume I, pp. 175–179, Print ISSN 
1691-5402, Online ISSN 2256-070X, DOI: 
https://doi.org/10.17770/etr2023vol1.7237 , 
https://www.scopus.com/authid/detail.uri?authorId=56323816400. 

[21] D. Petrova, Application of Alternative Approaches for Innovative 
Technology Obsolescence in Bulgarian Engineering Companies, 
Environment. Technology. Resources. Rezekne, Latvia 
Proceedings of the 16th International Scientific and Practical 
Conference, 2025. Volume IV, pp. 323-327, Online ISSN 2256-
070X, ISSN 16915402,  
DOI: https://doi.org/10.17770/etr2025vol4.8462, SJR=0,167. 

[22] D. Petrova, Classification of Micromechanical Elements and 
Fabrication of Beam-type Micromechanical Elements, Published 
by RTU PRESS, Environment. Technology. Resources. Rezekne, 
Latvia Proceedings of the 16th International Scientific and 
Practical Conference, 2025. Volume IV, pp. 289-296, Online 
ISSN 2256-070X, ISSN 16915402, DOI: 
https://doi.org/10.17770/etr2025vol4.8396. 

https://doi.org/10.17770/etr2024vol3.8163
https://doi.org/10.17770/etr2025vol4.8414
https://doi.org/10.1109/MMA55579.2022.9992429
https://www.researchgate.net/journal/International-Journal-of-Advanced-Engineering-Research-and-Science-2456-1908?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/International-Journal-of-Advanced-Engineering-Research-and-Science-2456-1908?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.17770/etr2021vol3.6507
https://doi.org/10.17770/etr2023vol1.7237
https://www.scopus.com/authid/detail.uri?authorId=56323816400
https://doi.org/10.17770/etr2025vol4.8462
https://doi.org/10.17770/etr2025vol4.8396


Secure Systems Design and Technology Development. Veliko Tarnovo, Bulgaria 

Proceedings of the International Scientific Conference, 2026. Volume II, 357-361 

361 

[23] D. Petrova, Zlateva-Petkova, Ts., Lengerov, A., Methodology for 
Variant and Generative Design of Microcomponents Based on the 
CAD System "MICROSYS 25", Published by RTU PRESS, 
Environment. Technology. Resources. Rezekne, Latvia 
Proceedings of the 16th International Scientific and Practical 
Conference, 2025. Volume IV, pp. 315-321, Online ISSN 2256-
070X, ISSN 16915402, 
DOI: https://doi.org/10.17770/etr2025vol4.8442, 

[24] D. Petrova, Zlateva-Petkova, Ts., Lengerov, A., Algorithm and 
Flowchart for Geometric Modeling of Microcomponents Based on 
the CAD System "MICROSYS 25", Published by RTU PRESS, 
Environment. Technology. Resources. Rezekne, Latvia 
Proceedings of the 16th International Scientific and Practical 
Conference, 2025. Volume IV, pp. 309-314, Online ISSN 2256-
070X, ISSN 16915402, 
DOI: https://doi.org/10.17770/etr2025vol4.8441,  

[25] I. Mitev, Materials and blanks – part 1 (Materials), Credo – 3M, 
Gabrovo, 2021, ISBN 978-619-7100-44-0. 

[26] I. Ivanov, K., Petrov, T., Rachovski, D., Petrova, Methodological 
and Applied Aspects of Artificial Intelligence in Energy 
Consumption Prediction, Published by RTU PRESS, 
Environment. Technology. Resources. Rezekne, Latvia 
Proceedings of the 16th International Scientific and Practical 
Conference, 2025. Volume II, pp. 165-169, Online ISSN 2256-
070X, ISSN 16915402, 
DOI: https://doi.org/10.17770/etr2025vol2.8601. 

[27] Hr. Metev, K., Krumov, B., Vlahova, Economic aspects of the 
modular tools, AIP Conference Proceedings, Open Access, 
Volume 2980, Issue 124, January 2024, Article number 060001, 
11th, International Scientific Conference on Engineering, 
Technologies and Systems, TechSys 2022, ISSN 0094243X, 
ISBN 978-073544814-8, DOI: https://doi.org/10.1063/5.0184231. 

[28] M. Marinov Jordanov, Vector-Matrix Computer Method for 
Drafting Circling-Point Curves and Centering-Point Curves of 
Burmester, Vide. Tehnologija. Resursi - Environment, 
Technology, Resources, Volume 2, Pages 440 – 443, 2024, 15th 
International Scientific and Practical Conference on Environment. 
Technology. Resources, ETR 2024, Rezekne, 27 June 2024 
through 28 June 2024, Code 201245, Conference Proceedings, 
ISSN 16915402, ISBN 978-171389957-0, DOI: 
https://doi.org/10.17770/etr2024vol2.8072. 

[29] Mokhtari Homami, Fadaei, R., Tehrani, A., Mirzadeh, H. et al. 
Optimization of turning process using artificial intelligence 
technology. Int J Adv Manuf Technol 70, 1205÷1217 (2014). 

[30] N. Dolchinkov, Interconnection of digital, cultural, and strategic 
transformations on the Balkan Peninsula, Achieving Business 
Excellence Through Triple TransformationOpen source preview, 
2025, pp. 209–240, ISBN13: 9798369394359, ISBN13 Softcover: 
9798369394366, EISBN13: 9798369394373, DOI: 
https://doi.org/10.4018/979-8-3693-9435-9.ch008. 

[31] O. Manav, S. Chinchanikar and M. Gadge, Multi-performance 
optimization in hard turning of AISI 4340 Steel using Swarm 
Optimization technique, in IConAMMA_2017, Materials Today: 
Proceedings, vol. 5, 24652÷24663, 2018. 

[32] R.Saravanan, G. Sekar and M. Sachithanandam, Optimization of 
CNC machining operations subject to constraints using genetic 
algorithm (GA), Proceedings of the International Conference on 
Intelligent Flexible Autonomous Manufacturing Systems, 
Coimbatore, India, 472÷479, 2000. 

[33] S. Poornima, Optimization of machining parameter in CNC 
turning of martensitic stainless steel using RSM and GA. 
International Journal of Modern Engineering Research (IJMER) 
Vol.2, Issue.2, Mar.-Apr. 2012, 539÷542. 

[34] S. Demirova, Turning knowledge into innovation and innovation 
into an effective product concept, International Conference on 
Creative Business for Smart and Sustainable Growth, CreBUS 
2019Conference Paper2019, DOI: 
https://doi.org/10.1109/CREBUS.2019.8840107 

[35] S. Mumtaz, A. Alsohaily, Z. Pang, A. Rayes, K. F. Tsang and J. 
Rodriguez, 'Massive Internet of Things for Industrial 
Applications: Addressing Wireless IIoT Connectivity Challenges 
and Ecosystem Fragmentation', IEEE Industrial Electronics 
Magazine, vol. 11, no. 1, pp. 28-33, March 2017. 

[36] S.Tsenkulovski, Mitev, I., Influence of the Parameters of the Laser 
Marking Process on the Depth of Penetration in Layer-reinforced 
Composites, Vide. Tehnologija. Resursi - Environment, 
Technology, Resources, Volume 3, Pages 319 – 324, 2024, 15th 
International Scientific and Practical Conference on Environment. 
Technology. Resources, ETR 2024, Rezekne, 27 June 2024 
through 28 June 2024, Code 201245, Conference Proceedings, 
ISSN 16915402, ISBN 978-171389957-0, DOI: 
https://doi.org/10.17770/etr2024vol3.8147. 

[37] V. Nikolova-Minkova, Bulgarian and Foreign Patent Activity in 
Bulgaria and Bulgarian Patent Activity Abroad by Technological 
Areas and Fields for the Period 2010-2021. Economic Studies 
(Ikonomicheski Izsledvania), 32(5), 2023, pp. 82-114. Available:  
https://archive.econstudies.iki.bas.bg/2023/2023_05/2023_05_06.
pdf [Accessed: Febr. 10, 2025]. 

 

https://doi.org/10.17770/etr2025vol4.8442
https://doi.org/10.17770/etr2025vol4.8441
https://doi.org/10.17770/etr2025vol2.8601
https://doi.org/10.1063/5.0184231
https://doi.org/10.17770/etr2024vol2.8072
https://doi.org/10.4018/979-8-3693-9435-9.ch008
https://doi.org/10.1109/CREBUS.2019.8840107
https://doi.org/10.17770/etr2024vol3.8147
https://archive.econstudies.iki.bas.bg/2023/2023_05/2023_05_06.pdf
https://archive.econstudies.iki.bas.bg/2023/2023_05/2023_05_06.pdf

