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Abstract
The aim of this paper is to propose a new chatter-resistant system of the cutting tool for machining solid-of-revolution
type parts. The chatter-resistant system can be used both for turning external surfaces and boring holes. The simulation
of the cutting tool system allows to define the effective technology of the tool design structural properties. The
experimental study of the cutting tool system during the work piece machining is aimed at promoting the efficient
dynamic damping of oscillations. The oscillation absorption and damping factor is increased due to the large dissipative
forces resulting from the resistance of the tool holder material that has texture with different metal deformationconditioned orientations.
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1. Introduction
Vibrations that occur in the process of machining significantly hinder the use of technological equipment
working at an automated cycle, and are the main reason for the premature wear of the tool, machine and equipment
accidents. The dynamic durability of the technological system and a decrease in the vibration level (that occurs in the
process of cutting) are the key to the stability of chip formation, which is especially important in the case of the
automation of the technological process [6], [11]. This way, the task of guaranteeing the stability of the technological
system by reducing the level of self-excited oscillations is one of the key issues in edge cutting machining, which
becomes particularly topical in the case of the final polishing of products on automated machines, and machines with
computer numerical control [3], [5], [9].
The material properties of the workpiece and various other factors can lead to excessive vibrations in the tool
shaft, which in turn causes undesirable chattering. By the use of passive damping elements, integrated into the tool
holder shaft, the dynamic behavior of the tool can be affected. From the standpoint of dynamic stability we assume that
the “tool” is the weakest subsystem of the turning process [11]. The impact of periodical external forces causing an
oscillatory process with a frequency equal to the exciting forces or complex periodic processes caused by nonlinear
properties of the system, having its own damped and forced oscillations of parametrically excited oscillations and selfoscillation system can violate the stability of the turning system [1].
The intensity of the forced vibrations is particularly great in the resonant region, which must be avoided in
metal cutting machines as an operating method for finishing. One aspect of improving the dynamic stability of the
subsystem "tool" is the creation of damped tools with increased resistance, with elastic and damping elements that do
not change their appearance. It is important for the damped instruments to be characterized by its adaptation to the
variable tolerances, load balancing between the cutting edges, as well as to prevent breakage of the cutting edge.
Plenty of fundamental research has been done in the field of study of self-excited oscillations occurring during
the cutting of metals in order to understand the chip making processes that occur during turning, and to evaluate the
importance of guaranteeing the stability of the technological systems during machining [2], [10], [12], [13]. Owing to
the analysis and classification of methods and means of guaranteeing the dynamic stability of technological systems it
can be said that, in one or another way, these methods help raising the stability of the technological system, and the
means developed on their basis are in a practical manner successfully implemented in machining. However, nowadays
there is no universal method that enables to efficiently combat vibrations that appear during turning.
When completing the turning, the weakest link from the point of view of dynamic stability is the “tool” subsystem. The technological system is influenced by external periodic force, causing an oscillation process with a
frequency equal to the frequency of perturbing force, or complex periodical processes, conditioned by the non-linear
characteristics of the system, as a result of which damping and forced oscillations, parametric induced oscillations and
the system self-excited oscillations appear [4]. The intensity of forced oscillations is especially great in the conditions of
resonant modes, which are unacceptable for the quality of operating modes during final polishing.
One of the most efficient methods, allowing us to guarantee the stability of the partial technological “tool” subsystem during the final polishing of solid-of-revolution type parts, is the creation of a damping tool system, the effect of
which is reached through a combination of the multi-layer principle and the use of anisotropic properties of a rolled
metal sheet [7]. The use of such a tool system during tuning operations allows for the absorption of high-frequency
oscillations that appear in the process of cutting, through the ordered disorientation of the texture of anisotropic plates
of a custom multi-layered tool holder, which allows for the effective dissipation of the energy of oscillating wave
transitioning between the plates of the tool holder. This method makes it possible to significantly raise the durability of
the cutting edge of the instrument and to broaden technological possibilities of choosing effective cutting modes,
guaranteeing the fulfilment of requirements of size and geometric precision as well as the quality of the machined
surface [6], [14].
2. Technical conception of development
The method of designing the damping tool system based on the multi-layer principle implies the use of
anisotropy of the qualities of the plates of the tool holder, created through the use of pressure treatment. The plastic
deformation of steel, caused by hot rolling, leads to the change in the direction of the fibers in the macrostructure,
structural components and additions along its direction; in addition to the crystallographic texture, a mechanical texture
of deformation is created. It is suggested that the cutting tool holder be made from a plate packs that are in contact with
each other along the planes, which run parallel to the supporting surface of the tool holder (Figure 1). Plates are cut
from a rolled metal sheet with a longitudinal 1, lateral 2 and vertical 3 orientation over a surface relative to the direction
of their rolling, and then collected into a pack, based on the disorientation of the angle of the texture between the plates.
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Fig 1. Method of constructing the plates in a damping instrument system.
During oscillations that occur in the process of machining, the characteristics of the behaviour of the tool
holder’s rod under small deformations can be described using Hooke’s law, taking into account the resistance of friction
in immobile joints between plates and internal friction in the material of the tool holder. Caused by the texture of the
material, the inelastic internal friction effects tied to the movement of dislocations cause irreversible hysteresis losses of
energy within the metal of the tool holder during mechanical oscillations [8, 9]. In order to achieve the maximal
damping effect, the disorientation of the deformation texture in two neighbouring plates must me maximal. In that case,
during the transition of the plates, the wave changes direction, as a result of which the oscillation energy shall be
dissipated. If the volume of the disorientation of the deformation texture is small, the energy dissipation is minimal. For
that reason, in the technical solution presented here the plates of the tool holder must be oriented in a way that the
texture would change by 90  10° during transitioning from one plate to the other depending on the effect of the main
(tangential) component of the cutting force on the cutting tool.
Figure 2 shows the cutting scheme and the directions of cutting forces, according to which the texture of the
plates of the cutting tool holder are oriented. All plates have a different deformation texture on their planes and crosssections; they have different physical and mechanical qualities, including damping ones, regarding the activities of the
cutting forces acting on the tool holder [5, 6]. Under the influence of the cutting force, mainly maximal stretching
tensions appear in the upper layers of the tool cutter, and compression tensions in the lower support ones.

Fig 2. Cutting scheme and the direction of cutting forces, according to which the cutting tool holder plate textures are
oriented.
3. Results of development and discussion
For stabilising the durability of various zones and increasing the durability and reliability of the entire tool
holder, the orientation of deformation texture in the plates of the combination tool holder relative to the cutting forces
must meet additional conditions. It is known that metal renders maximum resistance to stretching tensions in the
longitudinal direction, and minimal resistance in the vertical direction in view of the direction of rolling. And vice
versa, maximum resistance to compressing forces in rolled metal occur in the vertical direction, and minimal resistance
in the longitudinal direction. The metal resistance in the lateral direction and resilience to both stretching and
compressing tension have intermediate values. The direction of the texture in a rolled metal sheet in a base plate is
oriented parallel to the tangential component of the cutting force. In a plate with a fixed cutting tool, the direction of
rolling is oriented parallel to the radial component of the cutting force, and the rolling surface is positioned
perpendicularly to the tangential component of the cutting force.
Figure 3 shows a scheme of the cutting force directions during the boring of holes and their interconnection to
the texture of the plates of the tool holder. In this case, the cutting tool holder is made of plates glued together that are
cut from a rolled metal sheet and collected into a pack vertically along the planes relatively to the supporting surface of
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the tool holder, thus guaranteeing that the far left part of the tool holder layer holds back the stretching tensions and the
far right part holds back the compression tensions. Thereby, the disorientation of the deformation texture in the two
outside plates of the tool holder in relation to the vector of equivalent cutting forces R between 90 ± 10° (αр < 80° and
αр > 100°) is guaranteed. In the middle plate, the texture has a radial direction, guaranteeing the disorientation in
comparison to the outer plates of the tool holder.

Fig 3. The position of cutting forces during the boring of holes and their interconnection to the texture of the plates of
the tool holder.
Plates 1 and 3 are cut out in a way that their surfaces are oriented vertically and the sections perpendicularly to
the direction of the rolling and have a longitudinal orientation of the texture in relation to the direction of the rolling.
The surface of plate 2 is oriented vertically, across the direction of the rolling, and the surface of its cross-section has a
longitudinal orientation. This way, plates 1, 3 and plate 2 have a different deformation texture in their surface and crosssection, they have different physical and mechanical properties, including damping ones, in view of the effect of the
forces acting on the tool holder (components of cutting forces).
The cut plates are collected into a pack. In order to achieve the greatest damping effect, the disorientation of
deformation texture in two neighbouring plates must be maximal. In that case, the oscillation wave changes direction
during transition between the plates, as a result of which the oscillation energy is dissipated. In the case of a small
disorientation of the deformation texture, the dissipation of energy is insignificant. For that reason the plates of the tool
holder are oriented in a way that during the transition from one plate to the other, the texture would change by 90 ±
10° relative to the effect on the tool holder in view of the main-tangential component of the cutting force in the
technological solution that we offer.
Figure 4 shows the actions of the cutting forces in the upper layers of the tool holder, which, in the process of
boring, mainly create maximum stretching forces, and compressing tensions in the lower supporting layers.
For that reason, additional conditions requiring the orientation of the deformation texture in the plates of the
combination tool holder relatively to the cutting forces must be met, in order to achieve the stabilisation of durability of
various zones and increase the durability and reliability of the entire tool holder. It is known that metal renders
maximum resistance to stretching tensions in the longitudinal direction, and minimal resistance in the vertical direction
in the view of the direction of rolling. On the other hand, rolled metal renders maximum resistance to compressing
forces in the vertical direction, and minimal in the longitudinal direction. The metal resistance in the lateral direction
and resilience to both stretching and compressing tensions have intermediate values.
For that reason, additional conditions requiring the orientation of the deformation texture in the plates of the
combination tool holder relatively to the cutting forces must be met, in order to achieve the stabilization of durability of
various zones and increase the durability and reliability of the entire tool holder. It is known that metal renders
maximum resistance to stretching tensions in the longitudinal direction, and minimal resistance in the vertical direction
in the view of the direction of rolling. On the other hand, rolled metal renders maximum resistance to compressing
forces in the vertical direction, and minimal in the longitudinal direction. The metal resistance in the lateral direction
and resilience to both stretching and compressing tensions have intermediate values.
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Fig 4. Diagram of cutting forces in the upper layers of the tool holder.
The constructed tool holder consists of three plates, 1–3, with a different deformation texture orientation
concerning the effects of cutting forces. Plates 1–3 are glued together vertically relatively to the supporting surface of
the tool holder. Plates 1 and 3 have a rolling direction that is oriented perpendicularly to the tangential component of the
cutting force Fz. The direction of rolling in plate 2 is oriented parallel to the radial component of the cutting force Fz.
The rolling surface in plate 2 is oriented perpendicularly to the tangential component of cutting force Fz.
In this case, the direction of rolling in plates 1 and 3 is oriented parallel to the axial cutting force component Fх.
The lateral direction of rolling in the middle plate 2 is oriented parallel to the tangential cutting force component Fz.
This way, the right angle of texture deformation is maintained between plates 1, 3 and 2. If the force Fу is present, this
enables to control the stretching forces in the far left part of the layer of the tool holder, and to control the compressing
forces in the far right part of the layer of the tool holder. The position of the texture in outer layers of the tool holder
along the force Fх, as well as its constructive position enables to contain the stretching and compressing along the
direction of the force Fz as well. The texture of the middle part of the layer of the tool cutter must be close to the value
of the force Fх at nearly 90°.
The energy of tool oscillations appearing in the cutting process is absorbed not only by a viscosity resistant
layer of glue, but is also dissipated within the plates that make up the tool holder, as a result of the anisotropy of
mechanical and physical features of rolled (textured) materials, including the anisotropy of oscillations and the
logarithmic decrements of their own oscillations. During the disorientation of the deformation texture in two
neighbouring plates, differentiating by 90 ± 10° (α < 80° and α > 100°), the level of energy dissipation decreases, and
the technological difficulties of constructing the plates increase (the total amount of operations increases and there is
more metal waste).
According to the test results the modified tool compared to an analogue cutter improves the quality of
treatment. The vibration data analysis concludes that the modified cutting tool holders have been able to suppress
vibrations at high, frequencies above 4000 Hz. Practical issues related to the control selection of the cutting process, are
depending on the requirements of dimensional and geometric accuracy of machined surfaces, which can be solved using
an instrument equipped with alternate bars. According to the results of experimental studies using a fractional
experiment obtained the functional dependence of the actual margin of accuracy of the processed surface.
4. Conclusion
The use of the damping tool system during turning operations and the internal boring of highly precise items
allows to guarantee a more efficient dynamic damping of oscillations during the process of machining the work pieces
than it was possible before, as the absorption coefficient is raised and oscillations are dampened due to large dissipative
forces of the resistance of the material of the tool holder that has a texture with different metal deformation-conditioned
orientations.
The use of the vibration resistant properties of a damping tool instrument is most acceptable during the final
polishing and fine surface turning at high cutting speed modes and a low stiffness of the work piece, with an alternating,
continuous or fragmented machining surface, when higher demands regarding geometrical precision of the machining
of details and the roughness of the surface are present.
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