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Abstract: The article describes the mathematical modelksylts of the dynamics in order to determine thelegity of
change in the model milling machine during the iogtttool wear. A close correlation between the sbtrend
accompanying the metalworking process and the megghtrend of the machined surface is shown. Tiellation
results serve as the basis for solving the proloieoperational resource tool prediction. The toebwoperational forecast
allows for the first time in the material procegshistory to put into practice an effective adaptbontrol technology of
the cutting process, which determines the novditii@material described in the article.

1 Introduction accelerations. The article discusses a similaarlingnamic

The research purpose of the processing systefpdel miling machine.
dynamics is to study the regularity of its dynamic
behaviour. Knowing these regularities allows you t@ Methodology of modelling
purposefully manage the metalworking process amitdav ~ The research purpose was to establish dynamicibehav
the appearance of defects in the work piece. regularity of the processing system during therieahcondition
These regularities appear [1] in: (wear and destruction) of the cutting tool chaapgeithe nature of
- thetrend and the spectral composition of the sound this regularityin the amplitude sound wave trend accompanying
- generated during the materials cutting processing; the metalworking machines work.
- the trend of the roughness height parameter and its The research subject was a typical technologidalwaking
- profile, which changes during the cutting process d system dynamic model — technological system ofntiliing

to tool wear. machine.
These parameters have a decisive influence on the The research technique consisted in:
metalworking quality. - computer simulation of the processing system
The mathematical description of the lathe elastic oscillations when changing due to cutting tool warad
system must be connected with the processes oagunri destruction, its stiffness and damping charactesist
the working area of the processing system [2-12]. - comparing the modelling results and verification
Each adopted dynamic model uniquely corresponds to experiments to confirm the calculations reliabiktyyd
a certain differential equations system describitgy to identify regularity of changes manifestationtie
behaviour. These equations can be consideredyasmmit dynamics of the processing system in the behawbur
system mathematical model. Depending on the type of the sound wave trend amplitude accompanying its
differential equations, mathematical models cartirizar work.

and nonlinear [5].

In a linear dynamic model, the elastic forces are Dynamic model milling machine - the mass, stiffness
proportional to the deformations, the viscous tesise and viscous coefficients of the simulated latheesodre
forces to the velocities, and the inertial forcesthe indicated on the model diagram, respectively, usmd
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and c. These parameters characterize each simulatedis the oscillation amplitude of the mass centrehe

machine nodes partial oscillations in the directiogsimulated machine element), were transformed into a

perpendicular to the main axis for the simulatedenaxes algebraic equations system with complex coeffigent

of stiffness and damping. The generalized coordigat Theﬁe (;algebralc equations system was solved liyanes
method.

The model diagram is shown in Fig. 1, and its petets— in
Table 1. The oscillations of the model were desatiby
means of six differential equations (1). In thisesathe
Bscillations of the following elements of the tecloyical

describes the spatially oriented oscillations of thass
centre of each of thé-th modelled elements of the
technological system.

Differential equations using the complex amplitud

method by substitutiod () = &, [exp{wr) , where §
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Figure 1Dynamic Model of a milling machine technology syste

Table 1 Dynamic model parameters of a milling maehi

Simulated technological system node
(mass number
D . N spindle with
ynamic parameter | ,aq6 console chuck and tooth cutters slides table
1) cutter ) (4) )
)
Mass 3494 17 0,3.0% 305 500
m, kg
S“ff”ischloeff'c'e”t 8,610° 8,1:108 1,9108 6,31012 1,210°
i’ m 1 ] 1 ; H] H]
(fi H2) (250) (110) (4,14105 (228) (250)
Viscous resistance
coefficient 1,810¢ 2 348 0.5 1,410° 2,6108
¢, N/m/sec 3) a7) (10) 3) 3)
(quality factor Q)
~2 ~
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Note. Contact force PCF =107 N stiffness k was

determined by the following formulk =m (277 f, )?

, where fi — is the frequency of natural partiatitiations
of the simulated node was calculated by the ideatibn

Algebraic equations:
[(k+k+k—a?m)+ iw(c,+ ¢, +c)Id, — (K +iwe) ¢, — (ks +iax) {5 =0,
(ke +iwey) & +[(k, — afmy) +iwe,] £, =0,

method; damping:; was determined by the following [k #1081 ~[(Kes — GPT) 0 o =P .0 (2)
Jk [ [k, ~aFm) +iex ) ¢, (K, +iaEr) &5 =P (,0);
formula: G = T , Where Q- is the quality factor -(+iwcy)q, ~(k, +iac,), +(ks+k, —a?m) +iaxcs + 175 =0,
i
(value) of the peak of the own partial oscillatiasfsthe 3 Results from experiments
modelled node was calculated by the identificatrathod. The sound was measured using a microphone placed

System were considered: base consoi (K;,C;); near the cutting zone (Figure 2). _
The results of experimental computational researeh

spindle with cutter mz-k21cz)it00| blades presented in Fig. 3 and Fig. 4. They are usually a
comparison of calculated and experimental data. The
(M, Ky, C5); sleigh (M, K,, C,); table and work piece cajculation results are obtained when solving theations
(m, K. C ) system (2).'I_'he system _squFion was carried odateally
151 Y5/ when changing the cutting time from OTpequal to the
period of durability (resource) tool with a timeegt

Differential equations: o AT =1sec At the same time, at each time step, the
m{ i+ O +KE = Gl(, =) ~ko((r =)+ 661 =4 +he(€1=40) = 0 frequency characteristics of the model oscillatiorese
M+ (¢, =) + k(= ¢1) =0 determined with successive changes in frequengy fio
mé s+ Cy({s=8) +K({3=4,) =P (1); 1 , . -

PoEhE o Ene o to 2,500—3,00(Hz with a step in frequenc f =10

MG+ C({y—G) +ky({y—Cs) =P (1);
M~y =4) ~k({a= o) —c4d, &) — k(= &) =0

Hz.

Work piece

Acoustic Signal
Recorder - Laptop

Figure 2 Placement the microphone near the cutiirea
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To assess the developed model reliability in the _ - .
calculation in addition to the trend of the soundvev calculations describing the nature ofthetrem;dundES

amplitude were investigated: (Figure 3c) as the cutting blade wears. Correlatmefficient

- the = change .nature over ftime of the SounBetween calculated and experimental sound treu@S/ES
implementation;

- sound trend generated during the cutting process;  edualsk=0,993 (Figure 3d). This information shows that th

- roughness profile; model reproduces well enough not only the frequency

- roughness profile trend. sound filling, but also describes the trend charagare of
The sound was measured using a microphone placét§ Sound over time as the instrument wears. _

near the cutting zone (Figure 2). Fig. 4 shows the calculated trend of the altitude

Fig. 4a shows the actual and calculated soundrspedp@rameter Ra roughness and the roughness profile
accompanying the cutting process, which visuallpcde ~ Calculation _ _
quite well with each other. This is also indicateg the At the same time, a fundamentally important resdlt
quantitative degree assessment of their Coinciden@lculatlons is the determination of the fact #wind trends

described by their correlation coefficient, equalx684

(Figure 3b). The most important are the s (Figure %) and roughness (Figura)3are identical.
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Figure 3 Results of calculating the spectrum amahdrof sound accompanying cutting processing: @nparison the calculated and
actual sound spectra; b - regression line betwéenaictual and calculated spectra; c) comparing akand calculated sound
trends; d) regression line between actual and estoh sound trends
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Figure 4 Roughness parameters obtained by theifzaéd method:
a — is trend of altitude parameter roughness Ra;i® reughness profile Y
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