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Relevance: 

Mechanical treatment remains the main type of forming machine parts. High 

requirements for accuracy, roughness and surface quality require the need to improve the 

technology of machining and preparing production, especially when machining parts made of 

difficult-to-machine materials in the conditions of machine-building enterprises of the Republic 

of Kazakhstan. Difficult-to-machine materials include large-sized parts and modern wear-

resistant materials. 

At the domestic industry, the following plants mainly specialize in manufacturing and 

restoring large-sized parts: the Almaty Heavy Machinery Plant (AZTM) JSC and the 

Petropavlovsk Heavy Machinery Plant (PZTM) JSC. 

To study the problems associated with manufacturing large-sized parts, a study was 

conducted in the conditions of the AZTM JSC. 

As a result of the studies carried out on the state of issues related to the technology of 

machining and ensuring quality indicators of large-sized parts in the conditions of the AZTM 

JSC, a number of problems were identified: time costs for mounting, aligning, fastening, and 

removing a large-sized part; the need to manufacture additional tooling; the occurrence of 

vibrations that negatively affect the accuracy of machining and the durability of the cutting tool 

leading to high consumption of the cutting tool. 

When machining modern materials, selecting the parameters of machining modes is 

additionally complicated due to their absence. 

The efficiency of machining difficult-to-machine materials can be increased by numerical 

modeling of machining processes in software packages for engineering calculations. This 

requires developing a new method of modeling machining processes. The development of such a 

method allows obtaining data of deformations, stresses, temperature, distribution of cutting force 

values in the machining zone. 

The analysis of the obtained results makes it possible to select optimal cutting modes and 

tool geometry in terms of increasing the tool life and the quality of the machined surface. 

Practical significance of the results of this study will be directly applied to solve urgent 

problems of socio-economic and scientific-technical development of domestic machine-building 

enterprises of the Republic of Kazakhstan. 

 

The project purpose:  

The project purpose is increasing the tool life and the quality of the machined surface of 

difficult-to-machine materials. 

 

Expected and achieved results: 

A methodology of numerical modeling of machining difficult-to-machine materials will 

be developed to determine favorable cutting conditions for various methods (milling, turning, 

drilling, etc.) of mechanical treatment, as well as a methodology of developing a model of the 

destruction of difficult-to-machine materials for software packages. 

Domestic machine-building enterprises are considered as potential consumers of the 

proposed scientific products. 

Based on the results of the project, there will be published the following: 

- 2 (two) articles in journals from the first three quartiles by impact factor in the Web of 

Science database or having a percentile by CiteScore in the Scopus database of at least 50; 

- 2 (two) articles and (or) reviews in peer-reviewed foreign and (or) domestic publications 

recommended by the CQASHE; 

- 1 certificate of state registration of rights to a copyright object. 



Based on the results of the study, recommendations will be developed for machining 

difficult-to-machine materials using various methods (milling, turning, drilling, etc.) of 

mechanical treatment, as well as for the selecting of cutting modes. 

The Design Bureau "STEP" LLP is directly involved as a private partner that contributes 

funding in monetary terms in the amount of 1% of the project amount. 

The developed methods have scientific and practical value for the mechanical treatment 

industry of mechanical engineering, as well as for specialists involved in the development of 

software packages. 

Scientific developments have a high degree of commercialization in the future. 

End mills are a type of cutters used on milling machines and are necessary for machining 

narrow planes, grooves, ledges and contour treatment. End milling is one of the most common 

procedures in industrial machining. This process differs from the other operations in the presence 

of cutting teeth on the sides and at the end of the cutter, and this is the main difference from the 

other cutters.  

For a numerical study of the distribution of deformations and stresses in the machining 

zone, a 3D model of the tool and workpiece was developed. 

 

 
 

 

 

 

 

Figure 1 – 3D model of the end cutter and workpiece 



 
 

 

 

 

 
 

 

 

 

Figure 2 – Equivalent stress in the workpiece 

Figure 3 – Equivalent stress in the end cutter 
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Figure 4 – Chip formation when machining with the end milling    
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Information for potential consumers: 

This project will consider the analytical calculation of cutting modes of difficult-to-

machine materials for various mechanical operations, taking into account the obtained results of 

experimental and numerical finite element modeling of the machining process. Optimal cutting 

modes for various methods of mechanical processing will be determined. 

The durability of the cutting tool leading to the occurrence of oscillations during 

mechanical treatment that negatively affect the accuracy of machining and provide high 

consumption of the cutting tool, will be investigated. 

The practical significance of the results of this study will be directly applied to solve 

urgent problems of socio-economic and scientific-technical development of domestic machine-

building enterprises of the Republic of Kazakhstan. 

https://doi.org/10.5937/jaes0-27504
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The developed methods have scientific and practical value for the mechanical treatment 

industry of mechanical engineering, as well as for specialists involved in the development of 

software packages. 

Scope: 

Machine-building enterprise of the Republic of Kazakhstan.  
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