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OPOAYKTY BHUPOOHHUIITBA, @ HOr0 KOHTPOJb € BAXIMBUM (PAKTOPOM MiATPUMKH
BHCOKOSIKICHOT TexHoJiorii. B pe3ynbTaTi mpoBEeAICHOr0 aHajli3y CTBOPEHO CHUCTEMY
peecTpariii TOpKaHHs, SIKa O3BOJISIE BU3HAYMTH BUMOTH JO TPUHIUIIB TOOYIOBH
CHUCTEM JaTUYHUKIB, IX HEOOX1/IHI TEXHIUHI XapaKTePUCTUKHU Ta aCIEKTU 3aCTOCYBAHHSI.
CydacHa cucTeMa TOpPKaHHS MOBMHHA MAaTW BEJIWKY IIBHIKOAiI0. Bu3HadueHo, mio
HaWOUIbII e(PEKTUBHI CUCTEMHU TOPKAHHS JJII KOHTPOJIIO MPOIECY MEXaHOOOPOOKHU
MOBUHHI MaTu HacTymHi 1H(opmariiini Buxoau g0 CNC TeXHOJOTTYHOTO
00JIaIHaHHS: SIKICTh TOPKAHHS; TOPKaHHS; BiJACTaHb, TOTOBHICTh, IO II1JBHIIYE
AKICTh TPEUM3IMHUX TEXHOJIOTIYHUX TMpoleciB  MexaHooOpoOku. IlpoBeneHi
eKCIIEPUMEHTAaJIbHI JOCTIIKEHHS, SIKl MITBEPAWIIH , 1110 BIPOBAIKEHHS PE3YJIbTATIB
JOCTIPKEHb y BHUPOOHMIITBO Ja€ MOXJIIMBICTD 3MEHIIUTH TPYIOMICTKICTH MpH
00po6ii getaneit Bix 15% no 25%. Ha ocHOBI KOMIUIEKCY MPOBEIEHUX TEOPETUUHUX
1 eKCHepUMEHTAJIbHHUX JIOCHIIKEHb PO3POOJECHO 1HXKEHEepHI peKoMeHAalii o
MPOCKTYBaHHS TEXHOJOTIUHUX TiporeciB Ha Bepcrarax 13 UIIK, mo mgo3BOUTH
MIJBUIIMTH TOYHICTH OOpOOKM y pasu (B 3aJ€KHOCTI BIJI YMOB) 3a pPaxyHOK
3MEHILIEHHS MMOXHUOOK MaKCUMaIbHOI OOPOOKH KOHTYPY, BUKIMKAHOI HE JKOPCTKICTIO
TEXHOJIOTTYHOT CHCTEMH.
Kntouogi cnosa: ToUHICTh, CUCTEMA, MEXaHOOOPOOKa.
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The main method for producing parts of devices is their mechanical processing.
When machining parts, especially important characteristics are to obtain the required
quality of the detail’s surface layer and control elastically deformed state at the places
of application of cutting forces and the emergence of temperature fields in the
processing zone.

The analysis of the scientific literature has made it possible to determine that to
control the parameters of the surface layer quality and the values of the elastically
deformed state of the detail after its machining, namely the value of residual
deformations and stresses is expedient by means of cutting modes by changing the
speed, flow and depth of cutting. The main advantage of using these parameters is
that they have the greatest influence on the formation of the detail’s elastically
deformed state, the simplicity of their change by the technologist, which allows to use
the already existing technological process by its minimal adjustment.

The purpose of this work is to create a technique for determining the elastic state
of a detail using modern computer simulation and numerical analysis systems.

The solution to this issue can be the development of new computational methods
based on the use of modern computer simulation and numerical analysis systems,
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with appropriate scientific generalization of known theoretical and practical
developments in this field. One of these numerical methods is the finite element
method (FEM), the application which allows to achieve the desired results with
minimal time spent.

The finite element method allows you to divide the workpiece by the required
number of elements and to perform separate mathematical calculations at each point.
The advantages of this method are that the finite elements are simple elements
(straight lines, triangles, rectangles, pyramids, prisms). Thus, by this method it is
possible to approximate bodies with complex shapes. Element sizes can also be
variable, allowing you to enlarge or reduce grid elements. With FEM, it is easy to
consider boundary conditions with breaking surface load, as well as mixed boundary
conditions.

The mechanics of stress-deformed body, which is the basis for the
implementation of the finite element method for solving the tasks of modelling
cutting processes, is based on the following fundamental laws and equations: the law
of mass conservation; energy conservation law; the law of conservation of traffic;
equilibrium equation; Fourier law of thermal conductivity; equation of the
movement-deformation relation; equation of stress and deformation of bodies.

In addition to these fundamental laws, one should point to the strict requirement
for continuity of deformations within one body, which is conditioned by the condition
of joint deformation [1].

Mathematical representation of patterns of stress fields’ formation in the
workpiece after machining requires consideration of a significant quantity of factors.
The main ones include cutting mode parameters, physic-mechanical and chemical
properties of the workpiece, the sequence of detail’s processing, tool geometry, tool
wear, etc.

Literature [2] provides a rationale for using numerical methods of surface layer
quality control. It is proposed to use the finite element method and its capabilities for
modelling the cutting process and the ability to work with the required physical
values. It also outlines the basic theoretical principles of the finite element method,
the mathematical dependencies required to solve tasks related to elastic and plastic
deformations, and the formation of residual stresses. Such dependence is known from

scientific works

)=t tem e e,
where {¢} — is the vector of total deformation; {g} — vector of elastic deformation;
{g’”} — vector of temperature deformation; {g““} — vector of plastic deformation.

The presented relations are implemented in the calculation algorithms of most
programs of finite element analysis, for example in FEMAP, in the form of a
mathematical description of grid elements [3].

The use of computer analysis methods can reduce the cost of material and labor
resources, because the real experiment is replaced by a virtual one, reduce the
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duration of technological preparation of production and improve the quality of
technological decisions made.
Keywords: machining, details’ surface layer, quality parameters, elastically

deformed state, finite element method, FEMAP.
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B nanuii yac CKOpOYeHHS TEpMIHIB Ta IMOKpAIEHHS SKOCTI PO3pOOICHHS
TEXHOJIOTIYHHUX TPOIECIiB MOXe OyTH JOCATHYTO MUISXOM 3aCTOCYBAaHHS
aBTOMATHU30BAHUX CHUCTEM MPOEKTYBAaHHs, SIKI BUMaraioTh (hopmanizaiii BCiX eTarliB
MIPOCKTYBAHHS i CTBOPEHHS BIAMOBITHIX MaTEMaTUYHUX MOJICIICH.

TexHoOTIYHI TIPOIIECH MEXaHOCKIAJATBHIX POOIT XapaKTePU3YIOThCS BEIUKOIO
KUIBKICTIO €JIEMEHTIB, CKJIQJHUMH Ta pI3HOMAHITHUMHU 3B'A3KaMH MK HHUMHU.
Tpaauiiiini METOAM aHAII3y TaKUX OO'€KTIB HE JO3BOJISIOTH OyJayBaTh MOJEl i
ONMHUCYBAaTH TaKl BaXJIMBI 1X XapaKTepUCTUKHU, SK (yHKIs, OararopiBHEeBa
oprasi3aiisi Ta CTPyKTypa 3arajibHuX BJIACTUBOCTEH CKJIaJHUX O0'€KTIB 1 MPOIECIB. Y
3B'SI3KY 3 IIMM BEJIMKOTO 3HAYCHHS HaOyBae po3poOJieHHS MaTeMaTHYHUX MOJEIEH,
110 0a3yrThCA HA CUCTEMHOMY MiJX0/ll 0 00'€KTIB BUPOOHHUIITBA Ta TEXHOJIOTTUYHUX
MIPOIIECIB B ILIIOMY.

[Ipu aBTOMaTH3alii MPOEKTYBaHHS TEXHOJOTIYHHUX TMPOLECIB  CKIATaHHS
NEPCIEKTUBHUM € HaIPSIMOK re’eparii TEXHOJIOTTYHO-PaIllOHATIEHUX
MOCTIIOBHOCTEH  (JOpMyBaHHS ~ CKJIANadbHOI  OAWHUIN  (BUPOOM)  IIIAXOM
aBTOMATU30BaHOTO  cuHTe3y. Jlmg  aBTOMarm3oBaHOrO  MOOYIOBH  came
TEXHOJIOTIYHOTO TPOIECYy CKIAMaHHS HEOOXiJHa BeJIWKa KUIBKICTh IMOYaTKOBOT
iH(popMmariii, B 3B'SI3Ky 3 LHUM HMOBIPHICTb BBEIEHHS HEMpaBWUIbHOI 1H(OpMAaIii
BHCOKa, Ta OOOB'S3KOBO TIPU3BEAEC JO HEKOPEKTHOI TIeHepalii MOCIi0BHOCTI
CKJamaHHsA. 30KpeMa, Juisi BUOOpPY HEOOXigHOro oOJaJHaHHS Ta OCHAIICHHS
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