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The parts with internal threads of high accuracy take place in modern mechanical engineering. 

The most accurate method of producing of such threads is tapping. The cutting forces have essential 
influence on accuracy of machining of the threads and that is why it is necessary to determine the cutting 
forces on all cutting edges of the tap. However now the account of the cutting forces in tapping is 
possible only with help of empirical data. For prediction of accuracy of obtained thread, it is necessary to 
make theoretical evaluation of indicated forces at the stage of design of operation of tapping. 

Accounting techniques with help of finite elements method (FEM) find application for evaluation of 
cutting forces  [1, 2]. However in all known accounting techniques only bars and the loads on them 
(boundary conditions) are considered. In South-Ural State University a new accounting technique of 
cutting forces with use of FEM was developed. The technique takes into account the peculiarities of 
contact interaction of the tool and bar. In this case meshes of finite elements of both bar and tool was 
used simultaneously. Between the last, moreover mesh of so-called contact elements was generated. For 
account of cutting forces in such statement the authors developed the schemes of contact interaction of 
the tool and bar as for free orthogonal cutting (it means cutting with only one cutting edge) , as for  
cutting by a tooth of the tap. For the schemes the following boundary conditions are accepted: along 
surfaces of fixing of bar a condition of an immovability of all nodes is established; the tool displaces in the 
direction of main movement of cutting; the interaction of bar and tool is carried out by elements of 
contact, thus friction of a sliding in these elements is taken into account; the machinig material is 
isotropic, and is subject to the law of the Hooke in an elastic state and to Von Mises criteria in a plastic 
condition.     

The schemes include the following conditions and assumptions. 
1. The contact of the tool with a chip is substituted by its contact directly with bar. This assumption 

is accepted according to a series of the researchers [4, 5].  
2. The value of displacement of the tool in the direction of main movement corresponds to a 

moment of appearance of  yield stresses on a machined surface of the  bar in a plane of a shift and 
corresponds to a maximum load on the tool (process of chip separation is simulated). As show accounts, 
it is lawful because the further displacement of the tool does not result in essential increase of a load [8]. 

3. The problem was decided with help of a non-linear static analysis with taking into account the 
contact phenomena. As actually the cutting is the dynamic process and material of the bar hardens in the 
process of plastic deformation, according to this fact, a curve of dynamic hardening of this material is 
used in account which depends on a velocity of a strain of bar and by that allows to take into account a 
velocity of cutting [3]. 

4. Coefficient of friction of contact  surfaces was evaluated by empirical equations, obtained by the 
authors as a result of the analysis of large volume of experimental data. The equation takes into account 
a type of materials of the bar, geometric elements of cutting edge and modes of machining. The 
magnitude of the coefficient is accepted as a constant on whole length of contact of the bar with the face 
of the tooth of tap [6, 7]. 

5. The friction coefficient on the flank of the tool is accepted to constant on whole length of contact 
and equal to maximum value of this coefficient on the face of the tooth. Such assumption corresponds to 
outcomes of researches of many authors [9]. 

6. Length of contact of the tool with bar on a flank depends on a radius of shaping of the cutting 
edge for the sharp tool and depends on normative magnitude of wear - for worn tool. It calls necessity to 
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make accounts twice – separately for the sharp and for the worn taps. Accordingly will be obtained the 
lower and upper evaluations of cutting forces. 

7. Length of contact on auxiliary flank surfaces of a tooth of the tap equal to the width of the tooth.  
 

 
Fig. 1. Distribution of stresses in the bar in cutting by the tool with one cutting edge 

 

 
 

Fig. 2. Distribution of stresses in bar in cutting by a tooth of the tap 
 (In axial plane of the tooth of the tap) 

 
 
 
 

Values of cutting  forces on face and flank surfaces of the tool, N 
 (In a numerator values, obtained in the result of the account, in a denominator - experimental values by 

V.F. Bobrov [10]) 
 
 

 



 Depth of cutting, mm 
 0.15 0.21 0.3 0.42 

Cutting forces on the face of the tool 
Normal force 338 

395 
416 
555 

984 
780 

1258 
1040 

Relative error, % 14.4 25 26 21 
Friction force 150 

178 
247 
215 

327 
305 

323 
406 

Relative error, % 18 14 7 20.4 
Cutting forces on the flank of the tool 

Normal force 67 
85 

74 
86 

71 
86 

70 
85 

Relative error, % 21 13 17.4 17.6 
Friction force 141 

120 
146 
121 

134 
120 

98 
122 

Relative error, % 17.5 21.6 11.6 19.6 
 
 

SUMMARY 
 

The accounts for case of free orthogonal cutting with use of the schemes were made. The 
pictures of distribution of stresses are indicated on fig. 1. The cutting forces on face and flank surfaces 
obtained in the result of account have differences within the limits of 26 % from values, obtained 
experimentally by other authors (see the table) [10]. Such accuracy of account allows speaking about 
legitimacy of application of the above-described scheme. Accounts for cutting by a tooth of the tap were 
similarly made, the pictures of distribution of stresses in this case are indicated on fig. 2. 
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