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Abstract. A mathematical model of four mass oscillating circuit cutting machine was
developed and studied in this paper. The influence of the internal friction in the joints of structural
clements on the machine tool vibration amplitude and details. Effective self-oscillation amplitude
blanking tool is possible by choosing the optimal parameters of the tool body frictional connection
with tool holders.
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Introduction

There are many ways to improve machining productivity and the quality of machined parts surfaces
in machine tool and instrumentation engineering. However, the most promising way today is using
dynamic processes in clastic closed technological systems. This primarily applies to self-oscillatory
processes in metalworking machines. There are many ways to reduce the intensity of oscillations that are
used in practice, but they can be divided into two types. The first type is aimed at increasing the resistance
of the system, and the second is aimed at reducing the forces that excite oscillations. The first type
includes: increasing the rigidity of the machine; damping the energy of oscillations and the use of special
tools. The second type includes stabilization of the cutting force; optimization of cutting modes and the use
of automatic and adaptive systems.

Problem statement

As known, oscillations arising during the cutting process negatively impact both the surface quality
of the workpiece, as well as on the stability of the tool and the resource of the machine. These oscillations
are divided into forced oscillations and self-oscillations. Forced oscillations are induced by the inconsistent
nature of cutting forces (tearing on the machined surface), centrifugal forces (unbalanced workpieces), and
periodic forces transmitted both from the machine’s drive and other machines. The amplitude of these
oscillations can be easily reduced by moving away from resonance (changing the spindle rotation
frequency) and by isolating the machines from vibrations. A more challenging issue is reducing the ampli-
tude of self-oscillations, the main reason for which is the ambiguity of the cutting force characteristics.
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To simplify, let’s consider the oscillatory scheme in just one coordinate, namely — the coordinate X:
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where x; — the movement of the i-th element of the diagram (tool holder, cutter, workpiece, and spindle);
m; — the given mass of the i-th element; ¢; — the stiffness of the i-th element; Px — the horizontal component
of the cutting force; £; — the attenuation coefficient of the i-th element of the diagram
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where &; — the logarithmic decrement of the oscillations of the i-th element of the oscillatory scheme, which
characterizes the rate of attenuation of the oscillatory process; @ — the angular frequency of oscillations.

The horizontal component of the cutting force according to the theory of A. P. Sokolovskoho [5] is
represented as follows:

P=Py—ry+ a1b§+ ab (%)2 —azb (%)3, 3)

where Py — the value of the cutting force in the absence of vibrations (Fig. 1), x — the relative
displacement between the cutter and the workpiece, » — the cutting stiffness coefficient, r = kb, b — the
depth of cut, £ — the specific cutting force (k = 2000 MPa), V' — the cutting speed. The cutting constants a1,
a», az are determined by the least squares method according to the experimental diagram (Fig. 1).

For the case of our oscillatory scheme (Fig. 2), Eq. (3) will take the form:
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The constant component of the cutting force Po will be reduced when the system of differential
equations (1) is solved, 1. ., we will get oscillations relative to the constant component.

For the case of relatively negligible viscous resistance, having ﬁ < w, the logarithmic decrement
1

of oscillations is defined as the natural logarithm of the ratio of two adjacent amplitudes of damped
oscillations:
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where 7' the period of oscillation; 7'= 2w/w.

Lets find the solutions of the system of differential equations (1) for the values m, = 0.1 kg;
mw =1 kg, my= ms= 25 kg, ¢;= 2x10° N/m; ¢, = 1x107 N/m; ¢; = ¢, = 1.5x10° H/m. The attenuation
coefficient is determined from the known values of the logarithmic decrements of oscillations &, =

, = 0.04 (for steel 45); 6,= 6, = 0.15 (taking into account the existing structural damping in the joints of
the lathe elements [3]), then according to Eq. (2) &= 180 Ns/m; k,,= 1800 Ns/m; k»= ks = 1.7x10° Ns/m.

Since we are studying primary self-oscillations (the absence of traces of self-oscillations on the
surface of the part from the previous pass), an excitation must be introduced into the system to cause sel-f-
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corresponds to line 1 in Fig. 6. At high cutting force values, this gap may be absent (curve 2, Fig. 6). The
value of the friction force in the toolholder is regulated by tightening bolt 3.

Conclusions

Dissipation of oscillation energy in the tool mounting point or in the tool itself can prevent self-
oscillations during metal cutting or significantly reduce their amplitude.

References

[1] Altintas Y. Metal Cutting Mechanics, Machine Tool Vibrations, and CNC Design. Second edition,
Cambridge University Press, 2012

[2] Altintas Y., Eynian M., Onozuka H.Identification of dynamic cutting force coefficients and chatter
stability with process damping, CIRP Annals, Manufacturing Technology, 57 (2008):371-374.

[3] Novitskyi Yu. Ya., Dmyterko P. R. “Optymizatsiia parametriv demfuvannia avtokolyvan
bahatochastotnoi kolyvalnoi systemy” [“Optimization of parameters of damping of self-oscillations of a
multifrequency oscillatory system™|. Visnyk Natsionalnoho universytetu “Lvivska politekhnika”. Seriia:
Optymizatsiia vyrobnychykh protsesiv i tekhnichnyi kontrol u mashynobuduvanni ta pryladobuduvanni, 2017,
No. 867, pp. 51-55 (In Ukrainian).

[4] Vnukov Y. M., Djadja S. 1., Kuchuhurov M. V., Kondratyuk E. V. The device for self-excited
vibrations researching in turning, Ukrainian Patent UA101906, 2015.

[5] Vnukov Y. M., Kuchugurov M. V_, Djadja S. L. and others, Method and device for researching the
regenerative self-excited vibrations when tuming. Cutting & Tool in technological system, International
Scientific-Technical Collection, Kharkov, 2013. Vol. 83, pp. 42-54.

[6] Stupnytskyy V., Novitskyi Y., Novitskyi Y., Xianning S. Comprehensive system for simulation of
vibration processes during the titanium alloys machining. Archive of Mechanical Engineering, 2023, Vol. 70,
Iss. 1, pp. 85-105.

48



