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Abstract 

The operations of circular external grinding with axial feed, performed on CNC machines, are 

widely used in mechanical engineering. In this article, we reviewed the methodology for 

designing an external cylindrical grinding cycle with axial transmission, and also made an 

analysis of the methods for designing polishing schemes on machine tools. 
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Introduction 

The normative method for setting cycles is based on general machine tool standards and 

manuals for various cutting conditions. 

These resources, as a rule, contain recommendations for setting cutting conditions for certain 

frames, diameters and lengths of the machined surface, qualification of the dimensions of the 

machined part, and areas of values of the initial parameters, defined as acceptable values. In 

addition, the standards are limited to the inherent subtleties of the polishing operations of 

standard workpieces, which seriously narrows the possible range of their application. 

Recommendations for choosing cutting conditions, given in various reference books, are based 

on the initially specified list of technological parameters that provide the greatest effect, the 

compilers of the reference books note. In the normative tables, the control parameters of all 

groups refer to adjustable parameters that are set before the start of the processing process and 

remain unchanged during processing (machine brand) and change within certain limits during 

processing. The number of control parameters depends on the features of the cycle structure, 

or rather, on the number of its stages. 

Taking into account the complex relationship between all technological parameters of the 

polishing process, the use of corrective rolls does not, in principle, allow designing optimal 

circular polishing schemes. Thus, in the machine tool industry, there are currently no 
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normatively justified methods for designing optimal control schemes for axial and radial gears 

when performing circular polishing operations. 

The process of circular external polishing is important in the machine tool industry and is one 

of the main stages in the finishing of materials. When polishing in the zone of direct contact of 

the abrasive tool with the workpiece, the processes of plastic deformation of the metal occur at 

the point of cutting of single grains and the processes of friction along the back surface of the 

abrasive grains. Grinding processes are carried out at high metal deformation rates and at a 

sufficiently high temperature in the cutting and friction zones. As a result, the final cutting 

force in the contact zone of the tool and the workpiece is the sum of the cutting forces of all 

the cutting grains of the wheel. The cutting force is a complex technological shaft that 

significantly limits the performance of a circular polishing operation. 

With an increase in cutting strength, the elastic deformations of the technological system and 

the processing error increase. 

Creating a model that establishes the relationship between the shear power of the parameters 

of the radial and axial gear chains, the elastic deformations of the technological system, the 

performance of the CNC circular polishing operation with the main technological shafts, is an 

urgent task. In shear theory, the shear force P in circular bending is equal to 3 components P, 

fi and P (1 fig.) 

 
1 fig. The location of the component parts of the cutting force in circular polishing. 

 

The shear force P generated during cylindrical grinding can be determined from its structural 

details as follows: 

 
 

here Pz is the tangential component of the cutting force H; Py is the radial component of the 

cutting force H; Px - axial component of the cutting force H. 
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When performing most research work, the calculation of cutting forces 

was carried out according to empirical dependencies. Several researchers Pacitti and 

Rubenstein, Malkin and Tsuwa and others, in the process of analyzing the forces of grinding, 

have found a relationship between radial and tangential forces based on the coefficient of 

friction. In the works, the threshold forces associated with the zero value of the flat wear area 

are established, and a mathematical expression is developed for the radial based on the contact 

pressure and the flat wear surface (1) and (2): 

                                                       (1) 

                                          (2) 

Here Pur Pzp - respectively, the normal and tangential component of the force from all-round 

compression and shear of the metal, acting in the chip formation zone when cutting with a single 

grain; 𝝁 - coefficient of friction of the abrasive grain on the material being processed; 𝝆 - contact 

pressure acting on the area of blunting grains in the process of metal cutting; the coefficient of 

friction was found to be 0.61 (cutting speed 30 m/s, workpiece rotation speed 2.44 m/min, and 

metal removal rate 1.09 mm3/mm). It was assumed in the works that the ratios were in the form 

(3): 

   

                                                                µ                                   (3) 

 

where c is a complex function of wheel speed, workpiece geometry, and material properties. 

The paper shows that force levels will increase during the grinding process and that the rate of 

increase can be predicted given wheel preparation conditions. 

Kalinin E.P., Kapanets E.F., S.N. Korchak, Maslov, Romanyuk V.F., V.I. Ostrovsky, Ryabov 

S.A. and etc. 

In the normative reference literature, only experimentally obtained dependences for calculating 

the cutting force are indicated. 

These ratios have a number of significant drawbacks, namely, they are narrowly focused; the 

values of a number of constants in empirical formulas can only be derived by conducting an 

experiment for a deterministic field of processing conditions, and in this case, the relationship 

between all the main technological parameters of the process is not specified. 
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