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INFLUENCE OF THE MEDIUM ON THE CUTTING PROCESS 

 

Sushko O.V.,   Candidate of Technical sciences,  

Kolodii O.S.,   Candidate of Technical sciences,  

Lemeshchenko-Lagoda V.V.,ESP Teacher 

Dmytro Motornyi Tavria State Agrotechnological University 

 

Problem setting. In the practice of metalworking, liquid, gaseous and solid 

lubricating and cooling technological means are now widely used. The use of such tools is 

an important factor in expanding the technological capabilities of the cutting process. The 

most widely used solid materials are graphite, molybdenum disulfide, metal oxides and 

salts, as well as solid organic compounds, etc. There are many examples of how a medium 

applied to a surface affects the mechanical properties of a processed material. One such 

example is the result of an experimental study of the effect of carbon tetrachloride on the 

cutting mechanism. Taking into account the inevitable costs, as well as the environmental 

aspects associated with the use of liquid lubricating technological agents, the use of 

medium that can be used for the implementation of the minimum lubrication technology is 

very relevant and promising. 

Findings. Cover films made from fatty acids, vegetable fats, mineral oils, paraffin, 

etc., although they have some differences, basically have the same effect on the cutting 

process. Taking into account this similarity, stearic acid was chosen to perform this 

experiment with different cutting rake angles, which gives the most noticeable effect. 

The tests were carried out under the following conditions: cutting method - 

orthogonal cutting at a speed of 1 m / min by feeding the table of a vertical milling 

machine; the processed material is mainly copper; in addition, mild steel, aluminum and 

brass in a ratio of 4: 6. Along the cutting length (250 mm), there were three successive 

zones 80 mm long: an auxiliary section, a coated section and a cleaned section (dry 

cutting). The thickness of the processed sheet was 3 mm. 

The process was investigated using a cutting tool made of T15K6 material with 

different values of the rake angle (α = 20 °, 25 °, 30 °, 35 °) and the value of the clearance 

angle γ = 6 ° on various materials: copper, mild steel, aluminum, brass. The cutting 
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coefficient was determined from the results of measuring the chip length. 

In the stearic acid-coated area of the machined surface, the cutting resistance was 

lower than in the cleaned area when cutting dry. Since the reduction in cutting resistance in 

the presence of a coating is not very dependent on the depth of cut, in this case a 

significant reduction in the indentation force can be expected.  

Under the influence of the stearic acid layer, the cutting ratio increases. When cutting 

a cleaned surface, the cutting coefficient increases with an increase in the depth of cut, 

gradually approaching the value characteristic of a given rake angle. 

On the other hand, when a stearic acid layer is applied to the treated surface, in 

contrast to the case of cutting a cleaned surface (uncoated), the cutting coefficient becomes 

large at small values of the cutting depth, i.e. in the case of coated cutting, the scaling 

effect has the opposite effect of dry cutting. A layer of such an effective coating as stearic 

acid applied to the treated surface not only completely eliminates the scale effect 

characteristic of dry cutting, but due to the active action of stearic acid gives the copper 

surface the effect of shear angle increasing (compared to the case of cutting a pure copper 

surface).  

As it is known, due to the deposition of a coating on the surface to be treated, 

simultaneously with an increase in the shear angle, an increase in the friction angle β 

occurs. The reason for the increase in the angle is not yet clear enough. However, it can be 

assumed that, since the friction force on the front face of the cutter is determined by the 

shear resistance in the chip material, and the change in the friction coefficient is mainly 

caused by a decrease or increase in normal stresses, then the effect from the coated chip 

surface with a reduced cross-sectional area in the shear plane and a change in the stress 

state on the front face of the cutter causes some stabilization of friction stresses and a 

transition to the cutting state with a significant decrease in normal stresses. 

The magnitude of the increase in the shear angle under the action of the applied 

coating is almost independent of the rake angle of the cutter, however, the magnitude of 

the decrease in the cutting resistance will be the greater, the smaller the rake angle. This is 

because, no matter how different the values of the changes in the angle φ, the decrease in 

the cross-sectional area in the shear plane caused by these changes remains large. 

Ultimately, since the relationship between the cross-sectional area in the shear plane AS 
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and the angle φ through the cutting width w is expressed by the equation: 

                                    𝐴𝑆 =
𝑤𝑡1

sin 𝜑
 ,                                                   (1)  

сan be written as:  

                                    
𝑑𝐴𝑆

𝑑𝜑
=

𝑤𝑡1 cos 𝜑

sin2 𝜑
                                                (2)  

 

Whence it can be seen that when cutting under conditions of small values (for 

example, with a cutter with a small value of α), even a small change in φ will lead to a 

significant change in AS. 

Conclusion. Solid lubricants applied to the machined surface showed that even 

without supplying liquid lubricant to the cutting edge of the tool, they have the same 

positive effect of increasing the cutting ratio (shear angle), reducing cutting forces and 

improving the condition of the machined surface, which is achieved under cutting 

conditions using cutting fluid. Therefore, the same methods can be used to study the 

phenomena occurring in this case as in the case of a conventional supply of cutting fluid. 

Taking into account the inevitable costs, as well as the environmental aspects associated 

with the use of liquid lubricating process agents, the use of such media that can be used for 

the most complete implementation of the minimum lubrication technology is very relevant 

and promising. 

The dependence of the cutting resistance on the depth of cut for processing without 

coating and with coating has been established; thanks to the model of orthogonal cutting, 

the general features of the mechanism during cutting are revealed, and the influence of the 

thickness of the cut layer on the depth of cut is established 

The carried out experimental studies made it possible to establish that the presence of 

a medium applied in the form of a coating on the surface to be treated leads to an increase 

in the shear angle of the material and to a decrease in the cutting resistance forces. 

However, on the other hand, this contributes to an increase in the coefficient of friction at 

the leading edge of the tool (cutter). This indicates that the medium to be applied to the 

surface should be selected taking into account the properties of the material to be treated. 
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