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Abstract. Dry and viscous friction is used as a damper of oscillation energy in the construc-
tion of metal-cutting tools. A mathematical model of a two-mass oscillatory scheme of the insert of
an assembled milling cutter was developed and studied, one of the masses of which models the
clamped part of the insert - a press connection with dry friction, and the other — the cantilever part,
which is subject to self-oscillations that are possible in the process of metal cutting. The influence of
dry friction in the press joint of the insert on the amplitude of resonant oscillations of the cutter and
the part was analyzed. The possibility of reducing the magnitude of the cutter's self-oscillations is
demonstrated by selecting the most suitable parameters for the press connection of inserts with the
body of the assembled milling cutter. The influence of internal viscous friction in materials with a
high level of energy damping on the amplitude of self-oscillations of the cutter was evaluated and
the possibility of their use in the design of a vibration-resistant metal-cutting tool was considered.

Key words: self-oscillation; damping of vibration energy; structural damping; vibration am-
plitude; surface quality.

Introduction

Corrosion-resistant and heat-resistant steels and alloys are widely used in modern mechanical engi-
neering, instrumentation, and shipbuilding, especially in aircraft and rocketry, as well as in chemical and
energy engineering, along with polymer composite materials. The cutting process has more intense vibra-
tions than the machining process for carbon and low-alloy structural steels under the same conditions, re-
sulting in a decrease in the surface quality of the parts.

Problem statement

A characteristic feature of the cutting process of difficult-to-machine alloys is the tendency of the
clastic technological system to intense vibrations. In the case of heat-resistant titanium alloys, this is pri-
marily explained by the high values of the normal cutting force relative to the tangential. This is due to the
low plasticity and high friction coefficients of titanium alloys. Additionally, the sharply pronounced chip
element, which increases with the increase of the cut cross-section and cutting speed, as well as unstable
chip buildup and seizure, serve as an additional source of excitation of parametric and forced vibrations. In
the case of cutting corrosion-resistant and heat-resistant alloys, intense self-excited vibrations of techno-
logical systems occur. This is explained by both the large cutting forces and the high values of the chip
shrinkage coefficient. This leads to an increase in the phase characteristic of the cutting force (lagging be-
hind critical values) and, consequently, a sharp increase in the amplitude of self-excited vibrations.
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Features of vibration dampers application in the design of vibration-resistant metal cutting tools

The oscillations that occur in metal cutting machines during the processing of these materials sig-
nificantly complicate the process of obtaining a quality surface of the part and reduce the stability of the
tools.

Review of modern information sources on the subject of the paper

One of the main and effective methods of reducing the amplitude of forced and parametric oscilla-
tions of technological systems is to move away from resonance. The chip elementality and the chip forma-
tion process itself in the case of machining titanium alloys has a pronounced frequency component. There-
fore, cutting modes are preferably chosen where possible [1]. If the use of such cutting modes is not possi-
ble, damping phenomena in the MFTW (Machine-Fixture-Tool-Workpiece) system are utilized to reduce
vibration amplitudes, which can also yield positive effects, as they occur near resonance.

In the case of self-excited vibrations occurring at the resonant frequency of the cutter and workpiece,
damping is the only effective method to combat this phenomenon. Damping can be active or passive.
Damping should be introduced into the element of the MFTW system with the smallest mass [2]. That is, if
the mass of the cutter is less than that of the workpiece, damping of cutter vibrations is necessary. One of
the effective dampers of such vibrations is the hysteresis of MFTW system elements. Hysteresis can be
either structural [2], occurring in stationary connections of technological system mechanisms, or internal,
arising in materials with a high level of energy dissipation of vibrations [3].

Active dampers are more effective. Their action is based on the creation of an out-of-phase force to
vibrations using various sources of vibrations [4]. Vibration sources can be electrical, hydraulic, and
pneumatic transducers [3].

The control system of an active damper allows changing the frequency of the out-of-phase force
within a fairly wide range, which can significantly expand the scope of these devices, but the use of this
type of damper is limited by their excessive complexity, high cost, and increased power consumption.

Objectives and problems of research

This paper considers a method for determining the damping capacity of a cutting tool — an assem-
bled cutter insert — during its resonant oscillations and determines the limits of optimal values of the fric-
tion force in the press connection of the insert for effective damping of self-excited oscillations of the
MFTW system. A promising direction of reducing the amplitudes of self-excited vibrations of the MFTW
technological system, i. ¢., energy damping based on the use of materials with a high level of dissipation of
internal energy of vibrations, is also presented.

Main material presentation

As seen in Fig. 1, a, insert 3 is installed in the slot of cutter 1 and secured by press connection with
wedge 2. In most cases, the knives themselves are designed in the form of a wedge, however, such a struc-
tural scheme is more complex for calculations (asymmetric), therefore, we will consider a simpler scheme,
as all subsequent conclusions will be valid for more complex mounting schemes as well.

As known [2], during the loading of the press connection with axial force, the deformation caused by
this force will spread to a certain extent, which will be proportional to the ratio of this force to the friction
force of the press connection. And if these forces are equal, then there will be a displacement of the part in
the connection. In this case, part displacement will be impossible because the rear end of the insert abuts
against the end of the slot in the cutter body. However, the friction force will act along the entire length of
the press connection. If the magnitude of the axial force is less than the friction force, then the deformation
zone will be correspondingly smaller, and the work of the friction force will also be smaller.

It is possible (and advisable) to calculate the damping in such a connection using the finite element
method with moving boundaries since the size of the deformation zone will determine the stiffness and
moving mass of the insert. However, this method, unfortunately, has not vet been implemented in pro-
grams such as MATLAB or SolidWorks, so its use requires serious professional qualifications in this area
of theoretical research. The second disadvantage of this method is that mathematical modeling of self-
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Therefore, the manufacture of universal cutter holders and mandrels from high-damping alloys can
increase the vibration resistance of the tool when cutting corrosion-resistant and heat-resistant chromium-
nickel steels and alloys.

Conclusions

1. The optimal value of the contact pressure in the press connection of the inserts of a prefabricated
cutter can significantly reduce the amplitude of self-oscillations of the MFTW system, and materials with
high internal damping, although they have lower values of the damping decrement, have wider range. A
prefabricated metalworking tool with high values of logarithmic decay can only be used successfully for
efficient cutting of difficult-to-cut materials if it is optimally adjusted to a certain cutting force value,
which must be taken into account when designing it. For greater flexibility in the use of the tooling, it is
advisable to provide for the possibility of adjustment and, if possible, readjustment in the design.

2. When using materials with high internal damping as holders and mandrels, preference should be
given to materials with the highest possible values of the elastic modulus and/or compensate for the loss of
rigidity by increasing their geometric parameters accordingly.

3. Metal cutting tools with high internal damping materials in their design, although they absorb less
vibration energy, do not have a pronounced optimum, which provides greater flexibility in their use, espe-
cially as tools for finishing.

4. In general, the use of a metal-cutting tool with the ability to dampen vibration energy for machi-
ning parts made of difficult-to-machine alloys that are subject to intense vibrations of an elastic techno-
logical system can be an effective solution to problems associated with the productivity and quality of
manufacturing parts made of difficult-to-machine steels and alloys.

References

[1]. V. Stupnytskyy, Yu. Novitskyi, Ya. Novitskyi, S. Xianning, “Comprehensive system for simulation
of vibration processes during the titanium alloys machining”, Archive of Mechanical Engineering, Vol. 70, No. 1,
pp. 85-105, 2023.

[2]. M. Novitskyi, Yu. Novitskyi, A. Slipchuk, “The possibility of using structural damping in the design of a
prefabricated turning cutter to reduce The Amplitude Of Self-Oscillations In The Process Of Metal Cutting”, Ukrain-
ian Journal of Mechanical Engineering and Materials Science, Vol. 9, No. 4, pp. 44-50, 2023.

[3]. Z. Lei, Y W, et al. “Snock-type damping performance in strong and ductile high-entropy alloys”, Science
advances, Vol. 6, No. 25, eaba7802, 2020.

[4]. Y. M. Vnukov, M. V. Kuchugurov, S. I. Djadja et al., “Method and device for researching the regenerative self-
excited vibrations when turning”, Cutting & Tool in technological system, Vol. 83, pp. 42-54, 2013 [in Ukrainian].

[5]. Y. M. Vnukov, S. I. Djadja, M. V. Kuchuhurov, E. V. Kondratyuk, “The device for self-excited vibrations
researching in turning”, Ukrainian Patent UA101906, 2015.

44



