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Abstract. The purpose of the article is mathematical modeling and further research of the projected method of
diagnostics of dynamic processes of vortex boring in order to determine the optimal processing mode. The design
scheme of the technological system for vortex boring is given. The input parameters of the technological system for
modeling cutting processes are determined. The values of the stiffness coefficients and damping coefficients for the
technological system are determined. Systems of linear inhomogeneous differential equations for each element of the

technological system are presented. Graphs of the dependence of the amplitude on time for displacement, velocity
and acceleration are obtained. The spectrograms of displacement, velocity and acceleration are obtained separately
for each node of the technological system, showing the dependence of the amplitude on the frequency.
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Introduction

The study of dynamic processes is an urgent task
of our time. The cutting process is a complex process
that takes place at high speeds, temperatures and
pressures acting on the cutter and, as a result, on the
machine tool-device-tool-detail (MDTD) [1]. To date,
vortex boring is performed with a single-pass cutter,

but the use of multi-pass cutters will significantly
improve the quality of processing the product
due to the distribution of cutting forces among the
cutting edges that are engaged, as well as increase
productivity. However, the dynamics of vortex boring
with the use of a multi-pass cutter head has not been

fully studied, which is a big omission. The quality [ 29 |
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of material processing can be improved by using
structural and technological methods [2]. The most
cost-effective method is the technological method.
Therefore, it is relevant to build a mathematical
model of dynamic processes that occur during the
vortex boring of deep holes with a multi-pass cutter.

Research methods

Since some components of the lathe affect the
quality of workpiece processing, it was decided to
reduce the schematic diagram shown in Figure 1
to 6 of the most important components of the lathe.
From the point of view of dynamics, it is necessary to
take into account the mass, stiffness coefficient and
damping coefficient of each node of the system under
study. The system consists of a cam, a turning chuck,
a headstock, a bed, a caliper and tools (Figure 1).

According to the calculation scheme of the tech-
nological system (Figure 1), a system of differential
equations is compiled, the solution of which was
carried out by the fourth-order Runge-Kutta method
[3]. Notation in the system of differential equations:

- F(t) — disturbing force, (N);

- Fm, =m,a, — inertia force, (N);

- Fe, = c,x, — the reaction force of the support, (N);

- Fh,=h,V, — elastic force, (N);

- m, — unit weight, (kg);

- a, — acceleration, (mm/s?);

- ¢, — stiffness coefficient, (N/m);

- r, — displacement, (mm);

- h, — damping coefficient, (N-s/m);

-V, - speed, (mm/s).

When modeling, the harmonic law of changing
the disturbing force is adopted [3]:

F(t) = A*sin(w *t). 1)

where A — the amplitude of the disturbing force
is equal to the value of the eccentricity of the
eccentric shaft, (mm);
@ — angular frequency (frequency), rad/s (Hz);
t — time, (s).
The assumption about the harmonic law of the
action of the cutting force is accepted in this work

from the consideration of identifying the reaction
of the elements of the technological system to such
an impact [4], as well as the fact that the signal form
F(t) during the spectral transformation will have a
fundamental harmonic at the specified frequency w

[5].

Results and discussion

The system of linear inhomogeneous differential
equations takes the following form:

An external force directly affects the chuck and
the tool holder, which allows you to create equations:

F(t) = Fm,+Fc, + Fh,, ()
F(t) =ma+alm—o) +h(Vi-V), ©)
F(t) = Fmg + Fos + Fhs, )
F(t) = moas+ cs (x5 — 5) + he (Ve — V5). (5)

From the tool holder, the force is transferred to
the caliper, and from the workpiece to the cartridge:

Fes+ Fhs = Fms + Fes + Fhs, (6)
ez —25) +he (Vo= V) = )

= msas+ cs (25— x1) +hs (Vs — V),
Foi+ Fhu = Fmy+ Fe, + Fhy, ®)
alm—m)+h(Vi—W) = ©9)

:m20/2+02(1'2_$3)+h2(Vz_V3).

The cartridge transfers the force to the front
headstock:

FC2+Fh2 =Fm3+F03 +Fh3,
Cz(xz_%) +h2(Vz_V3)
= m3a3+03(x3_1'4) +h3(V§—V4)

The headstock and the caliper are mounted on
the frame and transmit the total force to it:

Fes+ Fhs+ Fes + Fhs = Fmy+ Fe, + Fh,

(10)

(11)

(12)

Cs (.’L'g_.h) +h3(Vs_ V4) +cs (1‘5_1?4) +

(13)
+hs (Vo= Vi) = muas + cazi + hi V.
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1 - blank; 2 - turning chuck; 3 — headstock; 4 — bed; 5 — caliper; 6 — tools; 7 — cam

Figure 1 — Calculation scheme of the technological system
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The values of the parameters of the mathematical A system of linear inhomogeneous differential
model are entered into the MatLab software (Figure | equations is written in MatLab (Figure 3).
2). According to the specified parameters, the
Table of values
m m m m m m
Weight, kg : ’ ’ ! ’ :
5 20 150 620 60 8
c c c c c c
Stiffness coefficient, 10° N/m ! : : ! ° °
100 80 90 300 15 35
h h h h h h
Damping coefficient, N-s/m ! : ’ ! ° ¢
80 100 300 100 80 70

EZ Editor - G:\MaccoBble cucTeMbl AnA auccepa\anccep\npaBuabHbIE Macchbl M XECTKOCTM CTaHKOB\Sixmass3spectr.m

_J sixmass3spectrm 3 | sixmass3i.m | +

27 = A=0.005;% ™

28 — ml=5;% Kr

29 = m2=20;

30 - m3=150;

ghkl= m4=620;

321 = m5=60;

33 - mé6=8;

34

35 — hl=80; %

36 — h2=100;

37 = h3=300;

38 - h4=100;

39 = h5=80;

40 = hé=70;

41

42 = C1=80000000; % H/M

43 - C2=60000000;

44 - C3=90000000;

45 — C4=300000000;

46 — C5=15000000;

47 = Cé=35000000;
49 % natural frequencies
S0 - fl=sqrc (C1l/ml)/ (2*pi)
o1 = fZ:sqrt((Cl-}-CZ)lmZ)/ (2*pi)
§2/ = f3=sqrt ((C2+C3) /m3) / (2*pi)
531 = f4=sqrt ( (C3+C4+C5) /m4)/ (2*pi)
54 - £5=sqrt ((CS5+CE) /mS) / (2*pi)
S5 - f6=sqrt ((C6)/m6)/ (2*pi)
56
57 = £f=10:;% Gz
58| = w=f*2*pi:% conversion to radians % must be placed before the equation!
59 = F=A*sin (w*t):;
60
61 — al=(F-hl* (V1-V2)-Cl* (x1-x2))/ml;
62 — a2=(Cil* (x1-x2)+hl* (V1-V2)=-h2* (V2-V3)-C2* (x2-x3))/m2;
63 - a3=(C2* (x2-x3) +h2* (V2-V3) -h3* (V3-V4)-C3* (x3-x4) ) /m3;
64 — a4=(C3* (Xx3-x4)+h3* (V3-V4) +C5* (x5-x4) +h5* (V5-V4)-C4*x4-h4*V4) /m4;
65 - a5=(C6* (x6-x5) +h6* (V6-VS5) -h5* (V5-V4) -CS5* (x5-x4) ) /mS;
66 — a6=(F-Cé* (x6-x5) +h6* (V6-VS) ) /mé;

Figure 3 — A system of linear inhomogeneous differential equations in MatLab
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results of displacement, velocity and acceleration are
obtained, shown in Figures 4-6.

We will construct spectrograms of displacement,
velocity and acceleration separately for each node of
the technological system (Figure 7-12).

From the data obtained, which are clearly
presented in Figures 7-12, the efficiency of the
mathematical model is observed, therefore, this
mathematical model can allow comparative analyses
of subsequent experiments by changing the input
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Conclusions

As a result of the conducted research, a
mathematical model of the vortex boring process is
theoretically investigated using a multi-pass cutter
head to identify the natural frequencies of the bearing
elements based on the results of which it is possible
to determine the optimal processing modes.
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Figure 4 — Replacement
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Figure 6 — Acceleration
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Figure 7 — Spectrograms of displacement, velocity and acceleration of the workpiece
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Figure 8 — Spectrograms of the movement, velocity and acceleration of the cartridge
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Figure 9 — Spectrograms of displacement, speed and acceleration of the headstock
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Figure 10 — Spectrograms of the replacement, speed and acceleration of the bed
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Figure 11 — Spectrograms of replacement, speed and acceleration of the caliper
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Figure 12 — Spectrograms of replacement, velocity and acceleration of the cam
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BopmekcmiH y#ymbic emKiwmeai Kecikmi mypi mecikmepdi 3aH0amy ywiH QUHamMuKanbiK npoyecmepoi
mMamemMamuKanvlk, ynziney

ITABPUJINH Anekceli Hukonaesudy, m.f.K., doueHm, gawral@tpu.ru,
LXAMPY/I/INH Anekcandp Pumosuy, acnupasm, hayrullin1993@list.ru,
TomMcK nonumexHuKanelK yHusepcumemi, Peceli, 634050, Tomck, /leHuH 0aHfbinsl, 30,

*aemop-koppecrnoHOeHm.

AHOamna. MaKanaHelH Makcamsl-eH0eyoiH oHmadlinbl pexcumMiH aHbIKmMay ywiH KylblHObl bypFolaaydblH, OUHAOMUKQ-
AbIK npoyecmepiH duazHocmMuKanayoslH ¥obanaHFaH 30iCiH MamemamuKasslK Modenboey #aHe 00aH api 3epmmey.
KylibiHObI bypFolnayra apHAAFaH mMexHoA02UAnAbIK HylieHiH #obasbiK cxemacs! KeamipinzeH. Kecy npouyecmepiH mo-
Oenbleyze apHanFaH MeXHO02UANMbIK XyUeHiH Kipic napamempsepi aHbIKManobl. TexHon02uAnMbIK Hyle ywiH Kam-
meolnablK KosghguyueHmmepiHiH xaHe Oemngupney KosagpguyueHmmepiHiy maHOepi benzineHdi. TexHOs102UAMbIK
HyleHiH ap anemeHmi ywiH cbi3biKmebl 2emepozeH0i OughgepeHyuanObiKk meHoeynep Hcylieci KenmipinzeH. Amnaumy-
OaHbIH KO3FasbIC, HbIAOAMObIK HIHE yoey YaKbimbIHa mayendinik epagukmepi anbiHObl. AMIAUMYOAHbIH HUiniKKe
mayendini2iH KepcememiH mexHon02UAnAbIK HylUeHiH ap myUiHi yWwiH KO3fasbiC, #blA0amObIK HoHe yoey crieKmpo-
2pammanapel aneiHOLI.

Kinm ce3dep: duazHocmuKa, OUHAMUKAsbLIK poyecmep, KylibiHObI 6YpFbiaay, KO3Fasy, #blaA0amoblK, yOey, MOKapbbIK
CMQHOK.
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Mamemamuyeckoe modenuposaHue QUHAMUYECKUX MPoYeccos, MPoucxodaujux npu euxpeeom pacma4yueaHuu
2n1yboKux omeepcmuii MHO20MPOXOOHbIM pe3yom

ITABPUJINH Anekceli Hukonaeeuy, K.m.H., doyeHm, gawral@tpu.ru,
XAMPY/I/INH Anekcandp Pumosuy, acniupasm, hayrullin1993@list.ru,
Tomckuli nonumexHuveckuli yHusepcumem, Poccus, 634050, TomcK, np. J/leHuHa, 30,

*aemop-KoppecrnoHOeHm.

AHHOmMayus. Lleasio cmameu A8a5emcs Mamemamu4eckoe mooenuposaHue u 0asnbHeliwee uccaedosaHue mpoekmu-
pyemoz2o memoda Ouaz2HOCMUKU OUHAMUYECKUX MPouecco8 8UXpeso2o pacmavusaHus ¢ yesabto onpeodesneHus onmu-
MasbHO20 pexcuma obpabomku. lpusedeHa pacdemHas cxema mexHos02udeckoli cucmemsl 0715 8UXPEB020 PAcMa-
yusaHus. OnpedesneHsbl 8X00HbIE MAPAMEMpPbl MexHoA02U4YeCcKol cucmembl 0158 MOOenUPO8AHUS MPOYECCo8 pe3aHus.
YcmaHo8eHbl 3Ha4YeHUs Ko3ghghuyueHmo8 #ecmKocmu U Ko3ggpuyueHmos 0emMriguposaHus 05 mexHon02u4eckol
cucmembol. MpusedeHbl cucmembl NUHelHbIX HEOOHOPOOHbIX OuhhepeHyUanbHbIX ypasHeHUl 019 Kax 0020 anemeHma
mexHosozuyeckoli cucmemei. [1onyveHbl 2pAguKU 3a8UCUMOCMU amnaumMyOsl om epemeHuU 0715 nepemeueHus], CKopo-
cmu U ycKopeHus. losy4eHbl cnekmpozpammel nepemeueHus, CKopocmu U YCKOPeHUs 0moenbHo 075 Ka#0020 y31a
mexHos102uYecKoli cucmemsi, MOKA3bIBAOWUE 308UCUMOCMb AMIAUMYObl OM 4acmomel.

Knrouesbie cnosa: duazHOCMUKa, OUHOMUYECKUE MPOYecchbl, 8UXPEB8oe pacmavusaHue, nepemeujeHue, CKopocms,
YCKOpeHue, MOKAPHbIU CMAHOK.
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