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Abstract.The results of the research of the vibrations influence are raising
in the cutting zone on the output properties of the cutting process are
represented. The results of the mathematical modeling of the dynamic
cutting system are represented in which the controlling oscillatory
displacements are raised. The system is considered as the unity subsystem
of the tool and the detail are interacting through the processing. It is shows
that the additional vibrations transform in the geometry topology of the
forming surface as the result of the complex nonlinear interaction of the
oscillations and the forces. The additional oscillations can cause as
improvement of accuracy, quality and intensity of the tool wearing as
deterioration of output process characteristics depending on the parameters
of the vibration (amplitude, frequency and orientation). The results of the
research of the oscillations influence on the quality of the surface and the
power of the irreversible transformations which characterize the cutting
process state are represented.

1 Introduction

The study of the vibrations influence on the output characteristics of the cutting process is
the traditional in the research of the processing on the cutting machines [1 - 5]. The forced
oscillations and the self-oscillations are generated by the interact of the dynamic
subsystems from outside the cutting tool and the work piece with the cutting process are
analyzed. The interaction is represented as the dynamic link is formed by the cutting
process. In this the oscillations in the wide frequency range of tens Hz to tens kHz are
analyzed. The researches of the oscillations influence on the cutting process are largely
executed experimentally. Their purpose is clarification of the oscillations influence on the
intensity of the wearing of the cutting tool and the accuracy and the quality of the parts
manufacturing. At the same time, it is noted that the increase or decrease wearing of the
cutting tool is possible depending on the parameters oscillations (frequency, amplitude and
orientation). It is noted that the increase of the surface quality of the one quality is possible
at the defined parameters of the oscillations [6 - 10]. It is necessary to consider the
properties of the dynamic cutting tool for clarification of the oscillation influence [11 - 21].
The problems of the stability [11-14] and the forming of the attracting sets of the
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deformational displacement [15-18] and their bifurcation in parametric space are
considered [19-22]. The conditions of the parametrical self-excitation are analyzed [23]. In
recent years the work about the dynamic perturbation systems are published. The
perturbations are determined by the spindle beats group and the kinematic perturbations [24
- 26]. In works [27, 28] take into consideration that the influencing reaction outside the
cutting process on the oscillations are excited by the additional source. The self-resonance
systems [29] are suggested to provide the conditions of the self-excitation take into account
the reaction outside the cutting process. The regularity of the transformation of the
vibration in the deformational displacement trajectories and the power of the irreversible
transformations in cutting zone take into account nonlinear cutting effects are stated on the
basis of the mathematical models and the numeric experiments are elaborated by authors. It
supplements knowledge of the vibration control of the cutting process.

2 The mathematical modeling of the influence oscillations on
the cutting process

In modeling let’s use the mathematical models are received early take into account the
setting parameters of the oscillation displacement are introduced in cutting zone
[24,25,30,31]. Then

d*X
dr’

m
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where m, h, c- symmetric and positive-definite matrix of the inertial, dissipation and
elastic characteristics of the tool subsystem of the dimension 3 ® 3;
X= {X XX, }T e R’ - vector of the elastic deformational displacement of the tool tip

relative to the support system of the machine; F :{FI,FZ,F3}T e R,

D= {CD,,CDZ,(Z53 }T e R - forces vector are acting in conformity with front and back the

tool surface are represented in the elastic deformational displacement ( X' ), setting and

constant of the technological regimes (cutting depth 7 1(>0), turnover supply S5 and

cutting speed Vs ) and the external vibrations (U ).In (1) R () is Euclidean space in
which: X, is the direction normal to the preparation axis; X, - the opposite direction to
the speed longitudinal feeding; X, - directional of the cutting speed. The longitudinal
turning of the non-deformable detail is considered. The main corner in a plane of the
cutting tool equal 7 /2 . Therefore the main cutting blade coincide with axis X, .

The external influences are considered as the setting functions U(?)=UsinQ¢ are

orientating to one of the directions of the space ‘R ) The following ideas continuation
from works [24, 25] are used to representation of the forces in the coordinates of the state
space and the external influences. For forces F

TydF\ [dt + Fy = py {1+ pexpl —C(Vs —dX 5 /dOB[ 15 = X118 p (0);
TodFy /dt + Fy = py o {1+ pexpl —C(Vs —dX 5 /dOB[ 5 = X118 p (1); 2
TydFy [ dt + Fy = py 3 {1+ wexpl —G(V3 — dX 5 /dOBL 15 = X118 5 (1),
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where Ti»i=123 _ time constant; M - the coefficient is determining correlation of the
forces in the area of the low and high speeds; C - the coefficient is determining the decrease
of the forces with the increase of the speed; V, - cutting speed; P - shaving pressure on

t
the front surface of the tool; S.(1)= [[V,—dX,/dt]dt= St —X,)+ X, (t-T) - the
=T
operator of the formation of the turnover feeding. For forces

t
Dy =po{ [V, —dX, /dt]dt}expl o, (dX /dt)];

t-T ) (3)
D, =pyltp’ — X lexp ao[(V, —dX, /dt];

Dy =k (D) +D,),

where Po - the forces are reduction to length of the contact; %0 - the coefficient of the
force increase; kr - friction coefficient; V, - speed of the longitudinal support. In the

systems (2), (3) ¢, S/, V,, V, - the constant values of the external influences are set
by the trajectories of the executive elements of the machine. The external vibrating
influences are introduced additional to the value 75"’ for example in direction X, .

3 The influence of the additional oscillation on the properties of
the cutting process

The surface geometry depends on the trajectories of the trajectories vibrating displacement,
the elastic deformational of the tool and the executive elements are set by the control. It is
necessary to find out the depending of the deformational displacement of the tool tip on the
parameters and the additional oscillations entered in cutting zone with the estimation of the
oscillations influence on the geometry topology. The regularity of the influence of the
oscillations depend on their frequency range is depending on the fundamental frequencies
of the tool subsystem without the reaction outside the cutting process. Let’s disclose the
property of the transformation of the additional oscillations in the deformational
displacement as example of the longitude turning with technological regimes:

S;,O) =0,1mm tg)) =25mm, V;=15m/s. Let’s put: the axis of the rigid ellipsoid of

the tool subsystem coincide with the space axis R ; The parameters of the tool
subsystem:

¢ 0=3000kg/mm,cyo=1000kg/mm,c3y=600kg/mm ;hy=50kg-s/mm;

my = 0,025 kg-s2 /mm . Let’s consider I1 = T3 =0,5T; =T The fundamental frequency
of the tool subsystem: ; =350 s, Q,=200 s, Q;=120 s~! . The parameters of the
dynamic link are showed in Table. 1.

Table 1. The parameters of the dynamic link of the cutting process

Poy, kg / mm ¢, s/ mm a,, s/ mm T,s Py kg/mm | U
1501000 1,0-5,0 (20-50) | (0,001-0,01) 2,0 0,5
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It is expedient to consider three frequency ranges for studying of the influence of the
oscillations on the deformational displacements: first - QV(50Hz; second -

Q) €(50,0,500,0 )Hz ; third - Q®)500,0Hz. The introducing vibrations cause «slow»

shifts of the equilibrium point in range Q" (50 Hz and in direction of the oscillations on
the axis X, from the allowance value. The vibrations in direction X, and X, is

orthogonal to the forming surface. In this case the changes of the shape-forming trajectories
is determined by the deformational displacement in direction X,. The oscillations

including the deformational displacements lead to slow periodic changes of the variational
equations relative to stationary trajectories. At the oscillations in direction X, the most

sensitivity of the dynamic system to change her properties is observed since the contact
length of the main cutting blade with workpiece change. Therefore, the periodic changes of
the system parameters along the trajectory of the «slow» motions are observed. The
transformations of the attractive sets like the limit cycles through cascade of the bifurcation
of the doubling period to the chaotic oscillations (fig.1 «a») are possible in depending on
the roots distant of the characteristic polynom of the linearized variational equation along
the trajectory. All stages of these transformations periodically repeat. In the frequency

range Q) (2)at first the parametrical effect including the periodic loss of the stability with
increase of the rotation frequency are observed. Secondly the effect of the interaction
inputting oscillations with self-oscillations is observed it causes the synchronization of
some periodical motions and elimination other and their asynchronous interaction. Thirdly
the self-excitation of the fractional order (fig. 1 «b») is possible with some parameters
subsystem of the tool and the dynamic link is formed in the region of the contact of the tool
backside with workpiece. In the case the oscillatory displacements with frequency 250 Hz
cause the deformational displacements in direction X, with frequency 4 Hz. This effect

causes the sinuosity formation on the detail surface. It is important to emphasize that
conditions in which we observe the strengthening of the oscillations whose motions are
orthogonal to the surface roughness formed that is to the effect of the vibrational
stabilization of the relief formed by the cutting process are possible. In this case the quality
of the surface increases through the oscillations.

In the range frequency Q7 input oscillations lie outside of the bandwidth of the
oscillation circuits. They periodically change interactions of the tool backside with detail,
forming the dynamic displacement of the equilibrium. In the contact region of the frontside
with cutting region the cyclically stress states arise which change the parameters of the
dynamic characteristic of the cutting process together after averaging over the periods of
the inputting oscillations. It is influence on the system stability. In fig.1 «c» the system
loses stability at introduction of the oscillations and the self-oscillations are formed. The
average value of the deformational displacement increases and consequently the diameter
of the work piece increases. Through the self-oscillations the periodically displacements on
the surface of the detail form which topology is similar considered in work [24]. The
formation of the cyclically tension both in the region of the elastic and the plasticity region
is observed with oscillations in direction of the cutting speed (fig. 1 «d») in the region of
the contact of the front surface of the tool in cutting zone. It leads to reduction of the
integrate over periods of the forces fluctuations are perceived by the tool and the detail that
cause reduction of the elastic deformational displacements that is reduction of the detail
diameter. If the speed of the oscillation displacements with elastic deformational
approaches or becomes the higher of the cutting speed, then the effect of the reduction of
the integrate over forces is observed particularly visible. These data show that the
transformation entering oscillations in the cutting zone contradiction influence on the
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cutting process and this influence is the result of the complex nonlinear transformations of
the oscillations of the dynamic cutting system. And the influences of the oscillations on the
irreversible transformations of the energy of the mechanical system in zones of the contact
of the tool side with zone of the process are also contradiction. Therefore, the influence of
the oscillations on the intensity of the wearing of the cutting tool is contradiction.
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Fig. 1. Examples of the changes of tip tool deformations in depending on the entered oscillations: a —
trajectories of the deformation displacement in plane X1, X, in the frequency range ¢ (U ; b —
examples of the self-excitation of the fractional order with oscillations excitation in direction X | in
the frequency range Q) () ; ¢ —change of the properties of the deformational displacement with
oscillations excitation in direction X ; ; d - change of the properties of the deformational

displacements with excitation of the oscillations in direction X 5

4 Conclusion

The dynamic cutting system is the complex nonlinear transformer of all perturbations are
acting her including entering oscillations in cutting zone. In depending on the parameters of
the oscillations (amplitude, frequency and direction) the oscillations can both worsen the
output properties of the cutting process and improve them. This thesis relates to the
parameters of the topology is formed by the cutting process and the intensity of the wearing
of the tool. Apparently, contradiction of the data of the influence oscillations on the cutting
process is explained by this.
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