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ABSTRACT. A fragment of a complex bas-relief is presented and the types of its shape, waviness and roughness deviations are shown.
The distribution of dimensions of the slime chip particle at stone cutting with sharp and blunt cutter and the roughness obtained at these cases are presented.
A stand for spectral analysis is processed. Results of superposition of the spectrum of marble cutting with a sharp and blunt tool and its natural frequencies along the

axis Z are presented.

A dynamic analysis of the machine elastic system closed by the cutting process of marble is carried out (amplitude and phase frequency characteristics).
The oscillations of the tool point at tuming of marble with rendering an account of the tool sharpness are shown.

BNUAHUE HA ENACTUYHATA CUCTEMA HA MALLMHATA U UI3BHOCBAHETO HA MHCTPYMEHTA BBPXY
OTKNOHEHUATA OT ®OPMA HA NOBBPXHOCTTA NPU KOHTYPHA OBPABOTKA HA CKAITHU MATEPUATU
Mukoe U.H.', Kozoykun M.I1.2, CmegpaHosa H.H.3, MeseHyeea U.J1.1

T Mockoscku ObpxageH MUHeH yHusepcumem, Pycus

2 EKcnepUMeHmaneH HaquouscneOoeameHCKu UHCMuUmMym 3a memarsiopexewju MalwuHu, Mocksa, PyCUFI

3 MuHHo-2eonoxku yHusepcumem “Ce. UeaH Puncku’, Cogpusi

PE3IOME. MpeactaseH e hparMeHT oT cheTaBeH bapened 1 ca pasrneaaHu BUAOBETE OTKIIOHEHWst OT hopMa, BbIHOOGPa3HOCT 1 rpanasocT.
TpeTupa ce pa3snpefeneH1eTo Ha pa3MepuTe Ha4acTULMTE Ha CTpyXKaTa Npu psi3aHe Ha CkanHu MaTtepuani ¢ 0CTbp U ThM UHCTPYMEHT, W MonyyaBaHaTa npu Tesm

Cryyau rpanasocT.

PasrnefaH e cTeH 3a npoBeXaaHe Ha CnekTpaneH aHanus. npeﬂCTaBeHVl Ca pe3ynrtatute OT HanaraHeTo Ha CNeKTpbpa HanpoLleca Ha pA3aHe H MpaMop C OCTbp U
TbN UHCTPYMEHT, U HEroBeTe cobCcTBEHN YecToTH No oc Z. HanpaBeH € AVHaMn4yeH aHanus3 Ha enactuyHaTa cucTeMa Ha MallmMHaTa, 3aTBOpeHa OT NPOLEC Ha psa3aHe

Ha Mpamop (aMNANTYAHO-(ha30BI YECTOTHN XapaKTEPUCTHKM).

[Nokasanu ca konebaHusTa Ha BbpXa Ha MHCTPYMEHTa Npu CTpyroBaHe Ha Mpamop, C 0T4YMTaHe Ha 0CTpoTaTa Ha MHCTPYMEHTa.

The volumetric images with complex profile on the surfaces of
hard materials, including the bas-reliefs are wide used as
architectural details, facing elements and at the manufacturing
of interior articles as well. The use of different materials
(several types of marble, for example) in a bas-relief, allows
the article artistic expressiveness to be increased. At that, it
has to be taken into account that the materials combined could
considerably differ in their physical and mechanical properties
and consequently, in degree of workability. As a rule, such
composite bas-reliefs have fragments with complex front
surfaces, constrained by curvilinear three-dimensional limits.
At the assembly, it is important the joint of these fragments to
be provided, so the requirements to the shape accuracy of the
fragments and the quality of their surfaces are of substantial
significance.

Fig. 1 shows a fragment of composite bas-relief of general
type (Mukos U.H., MeseHuesa W.J1., 2008). The base of such a
bas-relief is a plain. The lateral surface represents a sector of a
straight cylinder, which generatix is perpendicular to the plain
xOy. The projection of the cylinder on the plain xOy has the
profile (contour) of the bas-relief fragment on this co-ordinate
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plain. The front surface of the bas-relief is the bearer of the
artistic image. In the general case, the bas-relief front surface
is constrained by a three-dimensional curve. At the bas-relief
assembly, the joint surfaces are the base and the lateral
surface. At that, of great importance is the lateral surface,
which connects to the analogous surfaces of the adjoining bas-
relief fragments. The difficulty consists in the connection of the
three-dimensional curve, constraining the front surface of the
bas-relief fragment, to the analogous curves of the adjoining
fragments.

The types of deviations from shape, waviness and roughness,
characterizing the bas-relief quality, are presented in fig. 2.
Nominal front surface, real front surface, respectively upper
and lower positions of the points of the real front surface.
Deviation of the front surface of the bas-relief fragment is the
distance A between the points of the real and the nominal front
surface of the bas-relief fragment, measured along the normal
to the nominal surface (fig. 3), (Pagkesuy A.M., Cxuptnagse
AT., NaktoHoB B.W.). The tolerance T of the front surface
deviation consists of the sum of the tolerances Tn and T.
determining the location of the points of the real front surface,



respectively disposed upper and lower of these of the nominal
front surface. If the values of Tw and Tv. are determined to be
constant for the whole front surface, the latter would be locked
between two plains, which are equidistant to the nominal (fig.
3). The upper and the lower surfaces determine respectively
the upper and the lower limits of tolerance. In case, when the
plain tangent to the nominal front surface is insignificantly
inclined to the plain xOy, it is possible the deviation to be
measured by the difference of the z-coordinate of the points of
the real and nominal front surfaces. But the error at such a
measurement increases at growth of the angle of inclination of
the tangent plain. The cutting of marble is at the expense of
breaking down of small particles of the material.

Fig. 1. Fragment of a composite bas-relief: 1 - front surface; 2 -
latteralsurface; 3 - basis; 4 - line constraining the front surface; 5 - profile
on the plain xOy (line constraining the basis); 6 -generatix of the latteral
surface.
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Fig. 2. Types of deviations from shape, waviness and roughnes of the bas-relief sfragment.

At research of the particles obtained at turning with sharp and
blunt cutter, a conclusion could be made about the connection
of their size and the tool wear. The sharp cutter provides slime
chip (cracked) with particles 1-3 ym and the blunt — with 6-
12um. The quantity of the larger fraction in the whole mass of
chips is bigger at operation with blunt cutter. The distribution of
the size of the particles, formed in the cutting process with
sharp and blunt tool is shown in fig. 4.

L J

Y
Fig. 3. Deviation of the front surface according to the equidistant: 1 -
nominal front surface; 2 - real face surface; 3 and 4 - respectively the
upper and lower positions of the points of the real front surface.

The cutter wear brings to growth of the cutting force. The
oscillating processes in this case are more intensive, which
causes increase in roughness and deviation from the specified
profile. The data obtained at research in the slam chip and the
processed surface, according to their connection with the wear
is presented in Table 1.

The statistics of the roughness of marble blank surfaces,
obtained after turning with a sharp tool, tool with off-taken
edges and blunt tool, at t=1mm, n= 400min-! s= 0,12 m/min
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and material of the tool - hard alloy plate - are presented in fig.
5, Table 2 and fig. 6.

A PROBABILITY

Sharp cutter
1

1 Blunt culter
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Fig. 4. Distribution of the size of the particles for a sharp and blunt tool.

Fig. 6 shows examples of profilogrammes of marble detail
after turning with hard alloy tool, according to the fig. 5. It could
be seen that the wear influences negatively the quality of the
surface, increasing its roughness.

The cutting process of brittle materials, for example cutting of
marble (fig.7) is accompanied by the variable and steady
components of the cutting force (Kosoukun M. M., 2005). The
reason for the origin of the variable component of the cutting
force in this case is the fact that, as it has been already
mentioned, the cutting of brittle materials (for example marble)
is at the expense of breaking down of the material small
particles.



Table 1. Chip and roughness of the surface.
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Fig. 6. Examples of profillogrammes of marble processed surfaces.
AMPLIFIERS
PREAMPLIFIER
ANALOGUE-TO-
DIGITAL CONVERTER
SENSORS REGORDING ‘ \

Fig. 7. Stand for brittle material turning and record of the vibrosignal.

An example of the acceleration spectrum, registered on the
tool holder at the marble turning is presented in fig. 8. Fig. 9
shows an example of the spectrum, obtained in full accordance
with the conditions of fig. 8 but at turning with blunt tool. The
comparison shows that the wear has not only changed the
amplitudes of different frequencies, but has altered the ratio as
well: the amplitudes of high frequencies have decreased, while
those of the low frequencies have increased.

While for a sharp tool the ratio of amplitude of frequency about
10Hz to the amplitude of frequency close to 10 KHz is about
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0,12, for a blunt tool the ratio is 0,94, i. e. has increased almost
8 times. The change of this ratio to a great extent depends on
the dynamic characteristics of the elastic system of the used
turning machine. At high dynamic rigidity of the machine and
the tool, this ratio could alter not so significantly but the
experiments show that the decrease in amplitude of the high
frequency component of the vibration signal, according to the
wear of the cutting edge at marble processing displays
normally.
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Fig. 8. Spectrum of the vibroaccelleration at turning of marble with a sharp cutter.
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Let examine the summary of oscillating movements of the
cutter point, which are consequences of its oscillations along
the axes and bring to deviations of the surface shape
(roughness).

The co-ordinate connection reveals as follows: in general case

under the influence of the force applied, the cutter point strives
to move not only in the direction of the cutting force, but also in
orthogonal direction. It happens because of the tool unit
different rigidity in the different directions, i. e. main axes of
rigidity & and & exist, which usually do not coincide with the
co-ordinate axes Z and X of the machine (KyguHos B. A.,
1967).

Fig. 10 shows the amplitude-frequency and phase-frequency
characteristic of a turning machine along the axis Z, at
application of impact force along the axis Z, according fig. 7. If
an impact force is applied along the axis X, as well as at the
first example a movement is observed along the axis Z and its
frequency characteristics are presented in fig. 11.

This way, the joint movements of the cutter point along the
axes Z and X appear even in case when the force action is

1
496 ] 7oz
Fig. 9. Spectrum of the vibroaccelleration at turning of marble with a blunt tool.
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directed along one axis, which brings not only to deviation of
dimensions, but also to deviation of the surface quality.

The trajectory of the cutter point movement in octave 1000 Hz
at operation with a sharp cutter is shown in fig. 12 and with a
blunt cutter in fig. 13.
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Fig. 10. Amplitude-frequency and phase-frequency characteristics of a
turning machine along the axis Z, at application of impact force along the
axis Z, acoording fig. 7. |- Impact spectrum (excitation, input signal) ; Il -
Movement spectrum (oscillations; output signal, reaction to the
excitation) ; Il - amplitude-frequency characteristic of the machine elastic
system; IV - phase-frequency characteristic of the machine elastic
system.
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Fig. 11. Amplitude-frequency and phase-frequency characteristics of a of amplitudes is important in this case.

turning machine along the axis Z, at application of impact force along the

axis X, acoording fig. 7.

Fig. 12. Trajectory of the cutter point movement in octave 1000 Hz at
operation with a sharp cutter.

It could be seen that the oscillations along the normal

predominate over the tangential. Such a type of trajectory is
Conventional units typical of operation with a sharp and blunt tool. At the contour
processing, this brings to worsening of the anyway unfavorable
conditions.

The spectrums of the cutter natural frequencies along the
axes Z and X at vertical impacts on the cutter point, are
presented in figures 14 and 15. These spectrums are
connected both to the blunt and sharp cutter.
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Fig. 14. Spectrum of the cutter natural frequencies along the axis Z at vertical impacts on the cutter point
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Fig. 15. Spectrum of the cutter natural frequencies along the axis X at vertical impacts on the cutter point.
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From these figures follows that at determination of
technological regimes influencing the frequency of the variable
component of the cutting force, it has to be taken into account
that this component coincidence with one of the tool natural
frequencies will bring to increase in forced oscillations and
respectively to deviation of the surface shape.
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