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ABSTRACT. Because of the intermittence of the cutting at milling, the tool and the material are subjected to periodic oscillations, caused by the interaction of the tool
and the material processed.

Often, at processing by cutting autooscillations begin and this as a rule, brings to unsatisfactory quality of the processed surface and sometimes, to the tool breaking
and the blank damage.

The beginning of autooscilations brings to disturbance of the steady periodic motion of the tool centre, i. €. there is a presence of instability.

In the paper is researched the tool oscillation at milling by numerical simulation on the basis of simulative model of the milling process, including the tool dynamics
(the calculation scheme of the model is composed with rendering an account of the experimental dependences of the alteration of cutting force at metal processing
and the dynamic characteristics of the elastic system, determined experimentally by modal analysis) and the parameters of unevenness of the obtained surface. The
Poincare section is used in the analysis of simulation.

Dependences of cutting forces at the processing of rock materials are suggested.

The model adequacy regarding the regeneration of the surface at the rock materials processing is researched, which allows the field of the model application to be
assessed and enlarged.

The approach suggested, allows the zone of autooscillations of the system technological parameters to be determined and the quality of the processed surface to be
assessed.
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PE3IOME. [Mopagu npekbCHATOCTTa Ha psisaHeTo npu (ppe3oBaHe, MHCTPYMEHTLT W MaTepuambT ca MOANOXKEHW Ha MEpPUOAUYHM KonebaHus, NpeanssukaHn ot
B3aWUMOZECTBUETO UM.

Yecro, npu obpaboTka upes psizaHe, Bb3HWKBAT COOCTBEHM KonebaHWsi, KOETO, KaTo MpaBuro BOAM A0 HEYOOBMETBOPUTENHO KAayecTBO Ha obpaboTeHata
MOBBPXHOCT, @ NOHSKOTa - 0 CYyNBaHe Ha MHCTPYMEHTa 1 MOBpeX/aHe Ha 3aroToBkata.

Bb3HukBaHeTo Ha cobcTBeHN konebaHus B cucTemata npean3BuKBa HapyluaBaHe Ha PaBHOMEPHOTO MEPUOAMYHO ABWXKEHME Ha LEHTbPa Ha MHCTPYMEHTa, T. €
nory4asa ce 3aryba Ha yCTON4MBOCT.

B pabotata ce uscreaBa kone6aTenHoTo ABUKEHWE HA UHCTPYMEHTa Npu (hpe3oBaHe C M3MoN3BaHe Ha LMdpoBo MoAenupaHe Ha 6asaTa Ha cuMynaLuoHeH Mogen
Ha npoueca pe3oBaHe, BKMIOYUTENHO AWHAMMKATa HA MHCTPYMEHTa (M34MCIUTENHATa CXema Ha MOLena e CbCTaBeHa C OTYMTaHe Ha eKCriepyMMeHTanHuTe
33BMCUMOCTM Ha M3MEHEHWETO Ha YCUNMETO MpW psi3aHe npu MeTanoobpaboTka M AMHAMUYHWTE XapakTepUCTUKW Ha enacTWyHata CUCTeMa Ha MaluuHarta,
onpedeneHe eKkcriepuMEHTanHo, ¢ NOMOLLTa Ha MoAaneH aHanua). W napameTpute Ha HEPaBHOCTUTE Ha MONy4eHaTa MOBbPXHOCT. 3a aHanu3 Ha pesyntatute ot
MOZENMPaHETo e M3non3saHo n3obpaxeHnTa Ha MoaHkape.

B pabotata ca npeanoxeHu 3aB1CUMOCTM 3a CUNUTE Ha psisaHe npu 0bpaboTkaTa Ha ckanHu Matepuany. MscneaBaHa e agexkBaTHOCTTa Ha MOLiena o OTHOLLEHWE
pereHepaLsTa Ha NOBBLPXHOCTTa Npy 0bpaboTkaTa Ha ckamHu MaTepuani, KoeTo No3BonsBa Aa Ce OLieHM 1 pasLumpyn 0bracTTa Ha NpUNoXeHne Ha Mofena.
lMpeanoxeHnsT NoaxoA N03BoMsBa a Ce ONpeaeni 3oHaTa Ha COBCTBEeHUTE konebaHus B TEXHOMOMMYHUTE NapaMeTpu Ha cUcTeMaTa M Aa Ce OLEHU KayecTBOTO Ha
0bpaboTeHaTta NOBBLPXHOCT.

Quality of the surface obtained at milling is influenced by the stable cutting and obtaining of the required surface quality are
tool chatters and the forces arising between the tool and the provided to be separate.
blank. Depending on the values of the technological
parameters it is possible the values of these factors to become Different methods for assessment of the periodic oscillations
unacceptable in some areas. In such cases, it is said that a of the tool at milling have obtained wide use in the field of
loss of system stability appears, and more precisely, it has to metal working (Altintas Y., 2000; Inspeger, T., Stepan, G.,
be said that a loss of stability of its periodic motion appears. It 2000; l'ycbkoB A.M., Puibun AT, 2002). The adaptation of
is important the areas of processing parameters, where a computation models allows the use of these approaches also

at stone processing.
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The oscillating motion of the tool at milling will be computed
by use of numerical modeling on the basis of simulation model
of the milling process with analysis of the tool dynamics and
the roughness parameters of the surface obtained, suggested
for working of metals (Mukos W.H., Puibun A.l., MeseHuesa
n.01., 2008).

The computation diagram for the model in question is
presented in fig. 1.

The main parameters are: cutter radius R , teeth number Z ,
feed of the toothS,, axial cutting depthb. Elastic
characteristics of the tool fastening: rigidity k , damping
value d , natural frequency of the system P, -

Fig. 1. Computation diagram

The projection of the cutting force on the axes OX and
Oy can be recorded as follows:

F=-F Sin( J)_ R COS(goj)
F=F, COS(¢1 )- ! Sin(¢i)

(1)
(2)

The forces in radial and circumference directions could be
approximated by the dependencies (I'ycekoB A.M., PbibuH
AT, 2002):

s )(h Y
Frj = grabbz( b \) (SJZJ
s\ (hY
Fll' = gxo_bbz( b \J (SiJ

Where ,,0d, - dimensionless factors, characterizing the

(3)

(4)

condition of the tool cutting edges; b - axial depth of cutting
[m]; o
S i
[m]; g - non-linearity factor of the dependency of the cutting

force on the chip thickness. It has to be mentioned that such a
form of the record is preferable from the point of view of the
dimensions theory and is invariant with respect to the system
of the used quantities.

- strength limit of the processed material [N / m? ];

8

- feed of the tooth [m]; h. - second chip thickness

z

The full system of equations, describing the kinematics and
dynamics of the system is as follows:
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X, =X, +S,Zt+u(t)

Y. =Y, +v(t)

Xy =X, + Rsin((pJ

X‘i = yc - RCOS(¢J)

_ = Fy Sin(qoj )_ Fy COS((”] )(5)

U=-piu-2dp,u+

3|~ 3|+

ﬁ:—p:V—deo‘}‘i‘ Frj COS(¢J' )_ Fq‘ Sin(q)j)

j-0
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In the model presented, the second chip thickness is
determined with rendering an account of the shape forming of

the surface S . The processed surface S is determined as an

array of points S = {P | P(Xk Y ),k =1,2.. }

The trajectory of the cutting edge is approximated to another
circle determined by three points (three consecutive positions
of the cutting edge). Points located on the cutting edge
trajectory are added to the surface array in case of crossing of
the approximating curve and the polygon restricting the
surface. The points, which "have to be cut’, are extracted from
the array.

The chip thickness is determined as a distance from the
cutting edge to the point of intersection of the line connecting
the center of the cutter and the cutting edge with the line of the
surface.

The research in stability is made by the Poincare section. At
the section plotting, the points of intersection of the phase
trajectory of the system with some non-tangential straight line
have to be fixed, in this case, with the axis of ordinates of the
phase plain. This way, n points of the Poincare section
correspond to the steady periodic motion. In case of stability
loss, the number of points in the section alters. The plotting of
the section depending on any parameter (in this case, on the
spindle turning velocity) gives the bifurcation diagram.

The modeling has been made for milling at the following
parameters: cutting with two-tooth cutter with diameter
14 mm, feed of a tooth 0, 1MmM, radial cutting depth 1,

5mm. Parameters of fastening:
k=3-10°H/ m, &=0,06,v=300Hz
Factors for force dependences:

9,=2,0,=1, q=1,0, =750MPa .

The computations have been made for velocities of tool
turning 9000 min-' and 10000 min-'. In the first case, the
frequency of the system excitation (frequency of the teeth
cutting-in) is equal the natural frequency of the non-damped
system. The cutting axis depth has varied from 4, 0 to 9,
6mm.

The Poincare section and character of oscillations of the
centre of cutter mass obtained according to the computation
results are presented in figures 2 and 3.



The graphics show that in the resonance area the
oscillations of the mass center in the total range, the alterations
of the axial cutting depths corresponds to the periodical motion
with growing amplitude. In case of processing at velocity 10000
min', the loss of stability begins at cutting axis depth 5,
2mm. With the increase of the cutting axis depth, the
oscillations amplitude becomes bigger than the oscillations
amplitude at resonance frequencies. From the bifurcation
diagram a conclusion can be made that in the concrete case at
loss of stability begins Poincare- Andronov- Hopf bifurcation.
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Fig. 2. Bifurcation diagram and oscillations of the centre of cutter
mass(axial cutting depth 9.6 mm) at processing at velocity of the
spindle turning 9000 min-*

The approach suggested also allows the quality of the
processed surface to be assessed.

Figure 4 shows the profile of the processed surface,
obtained as a result of modeling.
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Fig. 3. Bifurcation diagram and oscillations of the centre of cutter

mass(axial cutting depth 5.2mm) at processing at velocity of the
spindle turning 10000 min-!
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For the unevenness of the processed surface has been
plotted a section, similar to that made for the oscillations. The
area of stability loss has also been well shown by the sections
obtained.

Traditionally, abrasive mills are used at processing of rock
materials, and the process of milling of stones is brought to
grinding. In order to be used, the suggested model of natural
oscillations analysis has to be adapted.
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Fig. 5. Shank cutter at contour milling

Stone processing by milling according two or three co-
ordinates is similar (analogous) to breaking out of the edge at
presence of one or two free surfaces (IMpotacos t0.1., 1995).

Under the influence of forces F, , Fy and F, the tool breaks
out layers- chips. The stone breaking consists in the following:
for example, at the motion of the cutting edge along the
axis Oy, the force Fy deforms a volume Vo of the stone

creating a compaction core (fig. 5.3). The forces Fx and F; act
respectively at motion along the axes OX andOz. The
compaction core compresses in direction of the force action
and expands in direction perpendicular to it, i.e. to the free

surface, working against the reaction force P of the stone. At
that a volume V of the stone is broken out. In connection with
the shape forming three phases has to be considered:



1. Micromotion of the cutter along the axis Z = H ;.

In this case, there is no milling, but the cutter operates as a
gouge (fig.6)

In this case the cutter will drive in to depth Hmin
(Mpotacos t0.W. 1995) if

116BkH
l:z min — — (6)
Hon
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Fig. 6. Shank cutter at contour microcut-in

2. Milimotion of the cutter along the axis z =H
within the limits of the cutter conic end (fig.7). In this case the

total force is a vector sum of F and F . Then

z.min y.min

oBkH

I:ymin ~ A 1.
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Fig. 7. Shank cutter at contour millicut-in

3. Operating motions of the cutter along the axis Oz
within the limits of the cutter cylindrical end. (fig. 5.2, 5.3 and
8). In this case the total force is the vector sum

F F and Fy .

z.min ? © y.min
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Fig. 8. Conical part of a shank cutter at a contour millicut-in

In (Mpotacos t0.W., 1995) could be find the dependency of
the cutting force along the axis y.

_ oBKkH
ub

Where: o — tensile strength limit of the rock [N/mz]; B-
length of the operational part of the tool cutting edge, axial
cutting depth [m]; K - factor rendering an account of the
boundary conditions of stone breaking and ductility; H -
radial cutting depth [m]; L — Poisson’s ratio; b - factor of
the shape of the breaking out stone volume. Taking as a basis

F

y

, (8)
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, o ,
the general expression for the force F, = in local co-

ub
ordinates of the grain, a similar approach for description of the
forces can be used for each grain separately. Here A -
working area of the grain, similar to the product B- H . Then
the cutting forces influencing the instrument could be
presented as:

F =Y Fcosg
N

F, :;E sing,



where @, — angle of the inclination of the normal of the grain

cutting platform to the immovable co-ordinate system; N -
number of the examined grains. At summation by grains more
appropriate is the probabilistic approach to be used, for
example as it is suggested in (Rogelio L. Hecker, Igor M.
Ramoneda and Steven Y. Liang, 2003).

At the adaptation of the model for computation of natural
oscillations at every step of integration it is necessary the tool
contact line (described as a circle) with the blank to be
examined.

The suggested approach allows the area of beginning of the
natural oscillations of the system technological parameters to
be determined and the quality of the processed surface to be
assessed. The method allows the character of the stability loss
(the bifurcation type) to be disclosed. The frequencies of the
beginning oscillations are determined by the results of
computation, which is expedient to be used for identification of
the areas of natural oscillations at experimental researches.
The advantage of the numerical modeling is the fast adaptation
to the required conditions. For example, it is possible the
influence of hard inclusions in the rock material to be
researched by determination of their distribution in the
processed surface on accidental principle.

Recommended for publication of Editorial board
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