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Kinematics of cutting process while honing holes with a 
hone with variable geometry of sticks  
 

The article considers the process of kinematics in the formation of the grid of traces taking into account 
the influence on microrelief of the formed surface. Schemes of interaction of the machined surface with diamond-
abrasive sticks, which are positioned at different angles and their influence on the formation of the microrelief of 
the machined holes have been given. The calculation scheme of positioning diamond-abrasive sticks at different 
angles is presented. On this basis, mathematical models of density of the formed grid of traces were obtained. 
The study of the influence of the inclination angle of diamond-abrasive sticks on the formation of the macrorelief 
of the machined hole is also presented. The influence of transfer of peculiar geometrical deviations of honing 
heads on the machined surface is defined.  
microrelief, macrorelief, grid of traces, geometric grooving lines, honing head, grain motion trajectory  
 

. . , . . , . . , ., . . , . . , ., . . 
, . . , .  

   , . ,  
         

   
           

         
  -  ,          
   .     

-       ,    
    .       
-       .  
         

 
,   ,   , -  

,    
 

Problem statement. Increasing requirements for the functional parameters of control 
equipment in hydraulic machines that are used in agricultural machinery and deals with the 
performance of its elements has necessitated improving quality of surfaces and accuracy of 
their dimensions. Finish machining is used to comply with the specified requirements, 
including the process of honing holes. In addition to indicators of accuracy of the sizes and 
quality of a surface, requirements on wear resistance of the processed holes and productivity 
of processing are put forward. These indicators are influenced by the kinematics of cutting 
process. One of the main indicators of the stages of the cutting process kinematics is the 
formation of microrelief of the machined surface (method of forming a grid of traces).  

Analysis of recent research and publications. The analysis of studies of cutting 
process kinematics indicates that honing of holes by traditional methods will occur on the 
principle of trace [1, 2, 3]. It implies absence of transfer of geometric deviation of the contour 
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wear of the specified stick on the geometric grooving lines (GGL) of the machined hole [1]. 
There is a coincidence of the directional of the processed hole with the contour of the 

diamond stick of traditional hone, and the interaction between them is linear, which leads to 
copying geometric deviations or wear of the contour of the specified stick [1, 2]. 

Problem definition. Based on this analysis, it is necessary to ensure formation of 
microrelief of the machined surface, particularly the formation of the grid of traces with the 
maximum step density. Also, it is essential to consider control of wear of a diamond-abrasive 
stick and copying geometrical deviations on the machined surface. 

Main material. To solve this problem, we consider a ball-wedge hone [4, 5] with 
variable geometry of diamond-abrasive sticks (Fig. 1). Let us consider the scheme of 
formation of microrelief of the machined surface. (Fig. 2).  

 
Figure 1 – Ball-wedge hone with variable stick geometry 

Source: developed by the authors 

 
1 – distance of one rotational motion; 2 – distance of progressive motion; 3 – distance of reverse motion;  

4 –distance of reciprocal motion;  5 – additional route of the head rotation at the end of the double motion;  
6 –trajectory of some grains; 7 – geometric grooving line in the form of a generant; 8 – geometric grooving line 

in the form of a directional; lb – stick length. 

Figure 2 – The scheme of formation of a microrelief of the machined surface 
Source: developed by the authors 
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Based on the scheme shown in Figure 2 it is seen that the extreme sticks, which are 
located at the angle of 45  with the generant of the machined hole have a point nature of 
interaction, which provides only the local value of geometric deviation or contour wear of the 
stick. That is, for all diamond-abrasive sticks, the formation of geometric grooving line, 
namely the generating one, when honing the hole will occur on the principle of trace. 

The directional of the machined hole for the sticks located at the angle of 45  will have 
a point nature of interaction with a contour, that is only local value of transfer of errors will be 
present. Accordingly, for the specified sticks, the formation of a geometric grooving line, 
namely the directional, while honing the hole will occur on the principle of trace, which will 
reduce negative impact of the sticks located at the angle of 90 , which perform processing on 
the principle of copying. 

Conformation of necessary microrelief or microgeometry is due to the interaction of 
the trajectory of some grains that move along given vectors of linear velocities. This 
determines the degree of density of the points of intersection of the trajectory of some grains. 
In Figure 2 the scheme characterizes different steps of the grid of traces of diamond-abrasive 
grains, which remains after the sticks located at different angles. That is, the density of the 
grid will be higher than with a uniform placement of diamond-abrasive sticks. 

To determine density of the grid of traces, which remains after diamond-abrasive 
sticks located at different angles, we construct the calculation scheme (Fig. 3).  

 

 
1 – trajectory of grain motion during progressive motion; 2 – diamond-abrasive stick with 45° angle;  

3 – trajectory of grain motion during reverse motion of the stick with 45° angle; 3 – diamond-abrasive stick with 
90° angle; 3 –trajectory of grain motion during reverse motion of the stick with 90° angle;  .lb – length of the 

stick (step of the grid of traces at progressive motion); l1 – distance covered during progressive motion;  
l2 – distance covered during reverse motion; ls – step of the grid of traces during reverse motion of the stick with 
45° angle; l’s –step of the grid of traces during reverse motion of the stick with 90° angle;  ls – difference of the 

steps of the sticks with different angles; 1 – the angle of grain trajectory relative to the Y axis during 
progressive motion; 2 – the angle of grain relative to the X axis during progressive motion;  – the angle of the 

grain relative to the Y axis during reverse motion;  – the angle of inclination of the diamond-abrasive stick;  
 – the angle of grain trajectory relative to the diamond-abrasive stick with 45° angle during reverse motion;  
 – the angle of grain trajectory relative to the diamond-abrasive stick with 90° angle during reverse motion. 

Figure 3 – Calculation scheme of microrelief formation of the machined surface 
Source: developed by the authors 
 
Based on the above calculation scheme 3, the density of the grid of traces while honing with 
diamond-abrasive sticks positioned at 90  angle will be characterized by the angle of 
intersection of velocities of rotational and reciprocal motion and is determined by the formula: 
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where lb – is length of the stick (step of the grid of traces during progressive motion); 
vp – is the velocity of reciprocal motion; 
v  – is the velocity of rotation motion; 
In its turn, the density of the grid of traces for diamond-abrasive sticks positioned at 

45° angle will be determined by the following formula [1]: 
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where  – is the angle of the grain trajectory relative to the diamond-abrasive stick 
during reverse motion. 

l2 – distance covered during reverse motion; 
ls – step of the grid of traces during reverse motion; 
l1 – distance covered during progressive motion;  

 – inclination angle of the diamond-abrasive stick. 
Therefore, density of the grid of traces at different angles of diamond-abrasive sticks, 

according to the calculation scheme, will be characterized by the difference of the density of 
the grid of traces of the sticks positioned at the angles of 90° and 45°. And it is characterized 
by the following equation: 
 s

"
s l-l sl . (3) 

In the obtained equation (3) we substitute the values of the densities of the grid of 
traces of the sticks positioned at the angle of 90° (1) and the angle of 45° (2): 
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The obtained mathematical model allows determining the density of the grid of traces 
at the position of central sticks at the angle of 90° and for the extreme sticks at the angle of 
45°. The position of the sticks at the angles of 90° and 45° are optimal to ensure the formation 
of macrorelief of the machined hole. 

Therefore, when combining the angle of inclination of diamond-abrasive sticks it was 
possible to increase the density of the formed microrelief and, thus, increase the processing 
productivity and reduce the effect of wear on the geometry of the machined hole. 

Conclusions. As a result of the study, it was determined that the formation of 
microrelief with positioning diamond-abrasive sticks with variable geometry, namely with 
different angles of inclination, allows increasing the density (grid of traces) of intersection 
points, which reduces the roughness of the treated surface. 

In the process of formation of the macrorelief of the machined surface the position of 
diamond-abrasive sticks allowed carrying out processing on the principle of the trace that 
allowed reducing transfer of deviations from a honing head to the machined surface in the 
course of their wear.  
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