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Abstract. Vibration during turning is a consequence of premature tool wear and an increase in the 
roughness of parts. The designs of tool bits that increase their durability, reduce vibrations arising 
during the cutting process, and improve the quality of processing are of practical and scientific 
interest. Existing developments of vibration-damping bits with elastic damping inserts of constant 
rigidity, in which a holder or mandrel with a cut-off insert is installed, do not meet the requirements 
for the efficiency of vibration reduction due to the impossibility of the necessary vibration 
damping; the consumption of insert materials is high. Innovative designs of tool bits with inserts 
formed by semi-inserts with different rigidity are proposed, which allows improving the quality of 
processing by increasing the efficiency of vibration damping, reducing material consumption, 
because the length of the semi-inserts is less than half the length of the full insert. The tool bits can 
be used in the area of cutting materials, mechanical engineering and tool manufacturing.  
Introduction 
Reducing the vibration level during cutting is the most important problem, especially taking into 
account the increasing requirements for the quality of processing [1-4]. One of the ways to solve 
this problem is to improve the designs of cutting tools in order to increase the stability of the cutting 
process [5-10]. In particular, the designs of damping tool bits which make it possible to address 
the most important task of mechanical engineering to increase the efficiency of processing 
structural materials are being developed; this task involves achieving the highest productivity 
while ensuring a given level of quality of the surface layer of parts [11-15]. 

However, at present, the development of damping tool bits does not fully meet the imposed 
requirements. A significant drawback of most of the existing designs of tool bits is that they are 
rigidly attached to the machine [11-14], which does not allow achieving effective vibration 
reduction during processing. Many damping bits also have complex designs [11,13,14], 
technologies of their manufacturing are very sophisticated, and normal operation of some 
machines is highly doubtful.  

New designs of bits to increase their durability, reduce vibrations arising in the cutting process, 
and improve the quality of processing are of practical and scientific interest. 
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Experimental procedure 
Materials and methods for solving the problem. There is a damping tool bit containing a cut-off 
insert with a unit for its attachment in a holder which has a rabbet and an inserted element made 
of a material with a high damping property; the rabbet is made evenly along the perimeter of the 
end of the holder along the length from its end to the projection with the cut-off insert; the end of 
the holder with the rabbet is placed in a metal body made in the form of a rectangular parallelepiped 
with the same gaps along its base and walls and the gaps are filled with the material of the 
mentioned inserted element, and the holder is installed without the possibility of contact with the 
body [15]. The tool bit has the following drawbacks: 

1. When turning a product, the perturbation cutting force causes vibrations of the tool bit, 
however, a material with a high damping property has constant rigidity for the solid inserted 
element, therefore, the pair of restoring forces arising in it, although creating a moment that makes 
the tool bit return to the position of static equilibrium and dampens vibrations, is not sufficient to 
minimize vibrations to the desired level, and does not allow achieving the required processing 
quality.  

2. Excessive consumption of the material used for inserted element due to the fact that it fills 
the gaps along the entire length of the rabbet of the holder; the gaps between the surfaces of the 
holder with the rabbet and the inner cavity of the metal body have the form of rectangular 
parallelepipeds and are rather large.  

The technical purpose of the use of the proposed damping tool bit is to improve the quality of 
processing and reduce the consumption of the material used for insert element.  

Figure 1 shows a general view of the tool bit. 

 

Fig. 1. A tool bit with damping semi-inserts of different rigidity: 
1 ‒ cut-off insert; 2 ‒ insert fastening unit; 3 ‒ holder; 4 ‒ body; 5, 6 ‒ damping semi-inserts. 

The damping tool bit operates as follows. The required cutting conditions for structural material 
are specified. During workpiece processing, the perturbation cutting force causes the tool to 
vibrate. In the case of making the inserted element along the entire length L of the cylindrical 
rabbet of holder 3 of diameter d or consisting of semi-inserts 5, 6 of materials with high damping 
properties of the same rigidity (j1 = j2), a pair of restoring forces arise in the solid inserted element, 
and two identical pairs of restoring forces arise in semi-inserts 5, 6 creating moments that tend to 
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return the bit to a static equilibrium position and damping vibrations, which are insufficient to 
minimize vibrations to the desired level. 

In the proposed tool bit, the inserted element is formed of cylindrical semi-inserts 5, 6 of 
materials with high damping properties of various rigidity (j1 ˃ j2), and the lengths l1, l2 of semi-
inserts 5, 6 are less than half the length L of the rabbet (l1<L/2, l2<L/2). Accordingly, in the semi-
inserts, there arise restoring parallel forces directed in opposite directions and not equal in 
modulus, while the moduli of forces in semi-insert 5 are more than the moduli of forces in semi-
insertion 6. Therefore, in addition to the moment from a pair of forces equal in modulus to the 
forces in semi-inserts 5 and 6, in semi-insert 5 there are still forces equal to the difference in force 
moduli in the semi-inserts and creating an additional restoring moment, which increases the 
efficiency of damping tool bit vibrations. (The additional moment is equal to the product of the 
difference between the moduli of the indicated forces by the arm). So, we get highly effective 
damping of longitudinal, transverse vibrations and impact loads arising in the cutting process; the 
reliability of this process increases in both turning and planing technological operations. Thus, by 
selecting different rigidity materials with the of high damping properties for semi-inserts 5, 6, it is 
possible to minimize tool bit vibrations to the required level and achieve the required processing 
quality.  

The design allows: 
1. To improve the quality of processing by increasing the efficiency of tool bit vibrations 

damping due to the use of the inserted element formed of two semi-inserts made of materials with 
high damping properties and having different rigidity; in this case, the regidity of the semi-insert 
located at the end of the holder at the bottom of the body base is higher than the rigidity of the 
semi-insert placed on opposite end of the holder with rabbet.  

2. Reduce the consumption of the material used for inserted damping element, since it consists 
of two semi-inserts placed at a distance from each other; moreover, the length of both semi-inserts 
is less than half the length of the rabbet of the holder end; in addition, the insert fills the annular 
gap between the cylindrical rabbet of the holder and the cylindrical rabbet of the body, minimizing 
the consumption of materials used for semi-inserts.  

This leads to the technical result of improving the quality of processing and reducing the 
consumption of the material used for inserts.  

Results and discussion. The originality of the proposed damping tool bit is that in the rabbet 
made in the shape of mandrel 3, the lower end of mandrel 3 is placed with gaps t uniform along 
the bottom and walls of the rabbet filled with an inserted element made of material with high 
damping properties, the inserted element is formed of two spaced apart from each other semi-
inserts made of materials with high damping properties and having different rigidity; the first of 
the semi-inserts ‒ centre bearing 5 is placed at the end of mandrel 3 at the bottom of the rabbet, 
and the second semi-insert 6 is placed at the upper part of mandrel 3 placed in the rabbet; in this 
case, the length h1 of centre bearing 5 and h2 of the second semi-insert 6 is less than half the depth 
h/2 of the rabbet, and the rigidity of centre bearing 5 is higher than the rigidity of the second semi-
insert 6, which makes it possible: 

1. To improve the quality of processing by increasing the efficiency of damping vibrations of 
the cut-off insert rigidly mounted on the upper surface of the mandrel by forming an insert element 
from a centre bearing and a semi-insert, made of materials with high damping properties and 
having different rigidity, and the rigidity of the centre bearing is higher than the rigidity of the 
semi-insert. 
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2. To simplify the design of the tool bit in such a way that the lower end of the mandrel is placed 
directly in the rabbet, made in the shape of the mandrel, with uniform gaps along the bottom and 
walls of the rabbet, which does not require additional structural elements to be placed. 

3. Reduce the consumption of the inserted element material, since it consists of a centre bearing 
and a second semi-insert placed at the lower end of the mandrel at a distance from each other, and 
the length of the centre bearing and the semi-insert is less than half the depth of the rabbet; in 
addition, material consumption for manufacturing additional structural elements for placing the 
mandrel in the rabbet is not necessary.  
Summary 
Thus, the proposed damping tool bits make it possible to achieve a technical result to improve the 
quality of processing, simplify the design of tool bits and reduce material consumption for their 
manufacturing. The tool bits can be used in the field of materials cutting, mechanical engineering 
and tool production.  
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