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AHOTAIIIA

lonancekuti B. I. OcHOBU 3a0€3M€UYEHHS SIKOCTI Ta 3HMXKEHHS TPYAOMICTKOCTI
MEXaHIYHOi 00poOKku ckiIagHONPOPUIbHOI (POpPMYyIOYOi OCHACTKH JJISI Xap4OBOi
npomucioBocTi. — KBamidikariiiina HaykoBa mpalis Ha rpaBax pyKOITHCY.

Huceprauis Ha 3000yTTS HAayKOBOIO CTYNEHS JOKTOpa TEXHIYHMX HAyK 3a
cnemianpHicTIO 05.02.08 — TexHosoriss MamuHOOynyBaHHs (13 — wmexaHiuHa
iHxeHepis). HauionanbHuil TeXHIYHUNA yHiBepcUTET "XapKIBCbKUI MOJITEXHIYHUMA
iHeTUTyT". — Xapkis, 2021.

Jucepraiiro MPUCBAYEHO BUPIMICHHIO aKTyallbHOI HAyKOBO-TPUKIAIHOT
npoOieMd TEOPEeTUYHOTO BH3HAYECHHA W OOIPYHTYBaHHS YMOB CYTTEBOTO
MIJBHUINCHHS SIKOCTi, TOYHOCTI, NPOXYKTHUBHOCTI MW 3HM)KCHHS TPYJIOMICTKOCTI
MEXaHIYHOI 0OpOOKM IIJISIXOM 3HIM)KCHHS il TETUIOBOI M CHJIOBOI HaNpy»XEHOCTEH Ta
Ha Mi OCHOBI po3poOsieHHs €e(QEeKTUBHUX TEXHOJOTIYHUX MPOIECIiB 00poOKU
ckiagHonpodinpHOT  (POPMYyIOYOi OCHACTKM [IJIT  Xap4doBOi MPOMHUCIOBOCTI 13
3aCTOCYBaHHSAM CY4YaCHUX BHCOKOOOEPTOBHMX MeTajopi3danbHUX BepcrariB 13 YITY
Uy "00poOHUM LEHTp" Ta MPOTPECUBHUX PI3AIBHUX JIE30BUX TBEPOCIUIABHUX 1
KepaMIYHUX 1HCTPYMEHTIB 31 3HOCOCTIMKMMH TOKPUTTAMH. HaykoBOH HOBH3HOIO
OTPUMaHUX pE3yNbTaTIB € Te, IO BIEpIIEe PO3POOJIEHO TEOPETHYHI MIAXOAU O
BU3HAYCHHS TEXHOJOTIYHUX MOXJIMBOCTEH TIJBUIIEHHS SKOCTI Ta 3HIKCHHS
TPYJOMICTKOCTI MEXaHIYHOT OOpOOKHM 3a paXyHOK 3HMKEHHS ii TEIJIOBOi M CHUIIOBOI
HampykeHocTeil. Po3poOiieHo  chporeHi MaTeMaTH4HI  MOJeldi  BU3HAYCHHS
TEMIIEpaTypy pi3aHHSA Npu HUTiQyBaHHI Ta JIe30Bid 00poOIll, SKI 3aCHOBaHI Ha
ypaxyBaHHI OajaHCy TeIjia, 1[0 BUHMKA€ B 30HI pIi3aHHS Ta HAIXOJIUTh B
MOBEPXHEBHM Mmap OOpOOIIOBaHOI JeTaml, CTPYXKH, IO YyTBOPIOETHCS, Ta
OXOJIO/DKYBAJIbHY piiiHYy. Brepiiie npoBeneHo y3arajabHEHHSI TEOPETUYHUX PIIICHb
100 BHU3HAYEHHS IMapaMeTpiB TEIUIOBOIO MIpPOLECy IMpU MEXaHIuHIi o0poOui 13
ypaxyBaHHSIM JOCSTHEHHSI KIHIIEBOTO 3HA4YEHHS TIMOWMHU TMPOHUKHEHHS TeIjia B
NOBEpXHEBUM Imap o0OpoOJIIOBaHOI JieTali. BCTaHOBIEHO OCHOBHHMU HaNpsSMOK

3HIM)KEHHSI TEMIIEpaTypy p13aHHs 1 MIJBUILEHHS SKOCTI Ta MPOJIYKTUBHOCTI 00pOOKH,
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AKUU TOJIATA€E B 3HMKEHHI MAKCUMAJIbHOI TEMIIEPATYPH pI3aHHA A0 PIBHS Ta HUKYE
TEeMIlepaTypy IUIaBJIEHHS 0O0poOmtoBaHoro wmatepiany. lLle mgo3Bossie  nmocsrtu
3HAQYHOTO IMiJIBUIIECHHSA MPOJYKTUBHOCTI OO0poOKu (akTuuHo Oe3 TMiJABUIICHHS
TeMIlepaTypyd  pi3aHHs. Brepmie  3ampormoHOBaHO  HOBUM  yHIBEpPCAIbHHIMA
TEXHOJIOTITYHUN TapaMeTp MeXaHIYHOI OOpOOKM — MaKCHUMallbHYy TeMIlepaTypy
pl3aHHs, NpU JOCITHEHHI SIKOi BCE TEIIO, 10 BUAUISIETHCS MPU Pi3aHHI, HAXOAUTH B
CTPYXKY, 1 SIKa BU3HAYAETHCS BIJHOMICHHSIM EHEPrOEMHOCTI 0OpOOKH 10 NTOOYTKY
MUTOMOI TEIJIOEMHOCTI 1 IIUIBHOCTI oOpoOmtoBaHoro matepiany. lLle mo3Bossie
NOPIBHIOBATH MAKCUMAaJbHY TEMIIEPATypy pI3aHHA 13 TEMIEPATYPOIO IIABJICHHS
00po0IIFOBAaHOTO MaTepiady Ta B pa3l NEPEBUILECHHS 3aCTOCOBYBATH TEXHOJOT1YHI
OpUMOMHU 11 3HMKEHHS JJI PI3HUX TEXHOJOTH MexaHiyHOi 00poOku. BecraHosieHo,
0 3HIWKEHHS EHEPrOoEMHOCTI OOpOOKM (YMOBHOTO HAamNpPYXKEHHS pi3aHHA) €
OCHOBHOIO YMOBOIO 3HI)KEHHSI MaKCHUMAaJIbHOI TeMIlepaTypa pi3aHHs Ta, BIJIOBIIHO,
Temreparypu  pizaHHs. [lokazaHo, 110  BIAMIHHICTh  pPO3PaxXyHKOBUX 1
€KCIIEpUMEHTAJILHUX 3HAUYCHb TEMIIEPATYPH Pi3aHHA MpH NUTI(PyBaHHI HE MEPEBUIILYE
12%, 1o BKazye Ha JOCTOBIPHICTH pO3pOOJIEHOT MaTEMaTUYHI MOJIEeTi BU3HAUYEHHS
TEeMIIepaTypH pi3aHHS.

Po3paxyHkamMu BCTaHOBJIEHO, III0 B peaJlbHUX yMOBax INUIi(yBaHHS
BITHOIIIEHHS 33JaHOi 1 MAaKCUMaJbHOI TeMIeparyp HUTiyBaHHS MOXKE 3MIHIOBATUCS
mumie B Mexkax 0 ... 0,4 B 3B'I3Ky 13 NIEPEBUILICHHSIM MaKCHMAJIBHOIO TEMIIEPATyPOIO
pi3aHHS TeMIEepaTypHu IUIABJICHHS OOpOOIIOBAHOIO Marepialy BHACHIJOK 3HAYHOIO
30UIBLIEHHS YMOBHOI'O HamnpyXeHHs pi3aHHA. [Ipy TOYIHHI 1€ BIJHOILIEHHS MOXE
3MiHIOBaTHCS B 3HayHO Outblux Mexax 0 ... 1. Tomy MakcumanbHa Temmeparypa
pi3aHHS OpU TOUIHHI OyJie MEHIIIe, HIXK MPpH IUTi(yBaHHI 1 MOXKE IPUIIMAaTH 3HaYEHHS,
Kl MEHII TeMIepaTypu IUIaBiIeHHS oO0poOmroBaHoro Mmarepiamy. lle posmuproe
TEXHOJIOT1YH1 MOYKJIMBOCTI TOYIHHS IMOPIBHSHO 13 IIT1(PyBaHHSM.

Bnepme BCTaHOBIEHO, IO HaWOLIbII 3HAYHOTO 3HMXKEHHS TEeMIepaTypu
pi3aHHsS mpu UUTIQyBaHHI MOXKHA JOCATTH TPH TepepuBYacTOMYy IUIipyBaHHI B
yMOBaxX pPIBHOCTI JOBXHH POOOYOro BUCTYNY 1 BUpPI3Y NEPEPUBUACTOTO Kpyra Ta

30UTBINIEHHST KITBKOCTI poOOYMX BUCTYMIB Kpyra. Y IbOMY BHITQJIKy TeMIIeparypa
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pi3aHHS MOK€ OyTH 3HMKEHA OUIBLI HIK B 2 pa3u LIOJ0 TEMIEPATYPH pi3aHHS MPHU
nutipyBaHHI CyHUIbHUM KpyroMm. OJHaK MakKCUMajibHa TeMIepaTrypa pi3aHHS IpH
bOMY TpuUiAMa€e 3HAYEHHSA, SKI 3HAYHO BHINI TEMIEPAaTypu IUIABJICHHS
obpoOmoBaHoro  matepiamy. Ile  oOMexye  TEXHOJOTIYHI  MOJKJIHMBOCTI
nepepuBYACTOrO NUTi(DyBaHHS MOPIBHIHO 13 JI€30BOK0 0OPOOKOIO.

Bnepiie po3mupeHo TEXHOJOTIYHI MOMIMBOCTI ~ MaTeMaTH4YHOI MOJENl
BU3HAYCHHS TEMIIEpAaTypu pi3aHHS TpPU JIe30Bil 0OpoOIll, sSKa 3acHOBaHA Ha
ypaxyBaHHI KiJIbKOCTI BUHMKAIOUMX B 30HI Pi3aHHS 3CYBHUX €JIEMEHTApHUX 00'€MIB
o0poOmroBaHOro Matepiainy. BceraHoBiaeHo, 1o 3 iX 30UIBLIEHHSM TEMIIEpaTypa
pizaHHsa Moxe 30inbmmTuca A0 10 pasiB. Ile MoxnuBo npu nuridhyBaHHI B yMOBax
0e3MepepBHOr0 KOHTAKTY 3B'SI3KM  LUTI(QYBaJbHOTO Kpyra 13 0OpoOIIOBaHUM
matepianioM. [Ipu ne30Biit 00poOIll KIJTbKICTh BUHUKAIOYMX B 30HI pi3aHHS 3CYBHHUX
eleMeHTapHuX 00'eMiB 00pOOJIFOBAHOTO MaTepiay He3Ha4YHa, 10 J103BOJISIE 3HU3UTH
TEMIIepaTypy pi3aHHs Ta NIABUIIUTH SKICTb 1 IPOYKTUBHICTH OOPOOKH.

BcranoBneno, mo po3poOiieHi B poOOTI MareMaTH4YHI MOJEN BH3HAYCHHS
TEMIIEpAaTypy pi3aHHS MPU MEXaHIuHIM 0O0poOLl MO3UTUBHO BIAPIZHIIOTHCS BIJ
BIIOMUX MOJIENIel, OCKUIbKM aHaJITUYHO TIOB'SI3YIOTh BCI OCHOBHI TapameTpu
TEIJIOBOTO MPOLIECY MPHU pi3aHHI: TEeMIepaTypy pi3aHHs, MAKCUMAIbHY TEMIEpaTypy
pizaHHs, TMOMHY MPOHUKHEHHS TEIUIa B TIOBEPXHEBHH Imap oOpoOiroBaHOi aeTani,
TPAIIEHT TeMIEepaTypH, PO3MOALT TeIia, IO HAaJIXOAUTh B OOpOOIIFOBaHY JETalb,
CTPYXKKY 1 TEXHOJOTIYHE cepenoBuile. B pe3ynbTaTi 3'SBISETHCS MOXKIUBICTh 13
€IMHUX TEOPETUYHMX MO3MLINA B y3aralbHEHOMY BHUIVISJl KUIBKICHO OI[IHUTH Ta
MOPIBHATH TeMIIEpaTypy pi3aHHs Mpu HuTidyBaHHI i JIe30Bii 00poOIIi.

Brnepmie TeopeTMYHO Ta EKCIEPUMEHTaIbHO OOIPYHTOBAHO TEXHOJIOTTYHI
MOJKJIMBOCTI CYTTEBOTO 3HIDKEHHS MAKCHMalIbHOI TEeMIEpaTypu pi3aHHA Ta
M1JBUINCHHS TEXHIKO-€KOHOMIYHUX MOKA3HUKIB MeXaHIYHOI 0OpoOKM Ha (DIHIITHUX
omepauisXx MUIAXOM IMEepexoay Bl HUNIpyBaHHS JO CY4YaCHHUX TEXHOJIOT1H
BHCOKOIIBUIKICHOTO pi3aHHs (TOYiHHS, PO3TOUYBaHHA 1 ()pe3epyBaHHS HA Cy4aCHUX
BHUCOKOOOEpPTOBUX MeTanopizanbHux Bepcratax 13 YUIIY Ttumy "oOpoOuwmii nentp"

pI3AJIBHUMH TBEPJOCIUIABHUMH 1 KEPAMIYHMMH 1HCTPYMEHTaMHU 31 3HOCOCTIMKUMH



HOKPUTTSIMHU).

Opepxana mnojanbIIMi PO3BUTOK 1 TOJIMIICHHS MaTeMaTUYHA MOJENb
BU3HAYEHHS  IapaMeTpiB  CHJIOBOI  HANpPYXKEHOCTI mpu  Jie30BId  00OpoOui
(EHepro€eMHOCTI Ta CHUJM Pi3aHHS) 13 ypaxyBaHHSM YTOYHEHHMX 3HAY€Hb YMOBHOTO
KyTa 3CyBy oOpoOitoBaHoro marepiany. Ilokazano, mo y ¢opMyBaHHI YMOBHOIO
KyTa 3CyBYy OOpOOJIIOBAaHOIO Marepially IepeBa)xkae pajiajbHa CKJIaJ0Ba CHUIN
pi3aHHs, KA 1 MPU3BOJUTH 10 KOTO 3HAYHOTO 3MEHIIEeHHS (B 1,5 pa3iB) MOPIBHSHO i3
PO3paxyHKOBUMH 3HAYEHHSIMH, OTPUMAaHUMHU Ha OCHOBI BiZJOMHUX 3aJICKHOCTEH.

Ile mo3BonMIO OOIPYHTYBAaTH YMOBU 3HWKEHHS E€HEPTOEMHOCTI OOpOOKH i
cw pizanHsa. Onepkaiia MoJanbIIni PO3BUTOK 1 MOJIMIICHHS MaTeMaTUYHa MOJIEIIb
BU3HAYEHHS MPY>KHUX MEpPEMILIEHb, [0 BUHUKAIOTh B TEXHOJIOTIYHIN cUCTeMI, Ta
BCTAHOBJICHO, 1[0 BOHU 3aJIeXaTh, B MEPIILY YEPry, BiJl METOIy MEXaHIYHOT OOPOOKH
Ta WOro €HeproeMHocTi. TOMy OCHOBHUM MUISXOM MiABUIIEHHS TOYHOCTI Ta
OPOAYKTUBHOCTI OOpOOKM € 3acTocyBaHHS Ha (IHINIHUX OMNepaliix Cy4yacHHX
TEXHOJIOT1 BUCOKOIIBUAKICHOI JIe30BOi OOPOOKHM 3aMiCTh TPAAUIIIHHUX TEXHOJIOT1H
nutiyBaHHs Ta Jie3oBoi 00poOku. Ha OCHOBI y3arajJlbHEHHs aHaJITUYHOTO OMUCY
NPYXKHOTO TepeMillleHHs Tpu nutipyBaHHI Ta JI€30Biid 00poOIi 13 ypaxyBaHHAM
€HEPrOEMHOCTI MPOBEICHO TOPIBHSHHS BEIWYMH MPYXKHOTO MEPEMIIIeHHS IS
pPI3HUX TEXHOJOTiH MeXaHI4YHOi OOpOOKH, IO 03BOJIMIO BUOpAaTH HANOUIBII
e(deKTUBHI BaplaHTH BUCOKOTOYHOI Ta BUCOKOMPOAYKTHBHOI (iHIITHOT 00poOkH. Tak,
TEOPETUYHO M EKCHEePUMEHTAIbHO OOIPYHTOBAHO €(EKTUBHICTh 3aCTOCYBaHHS
TEXHOJIOT1l BUCOKOIIBUAKICHOIO pPO3TOYYBaHHS OTBOPIB 3aMICTh TPAAMUIINAHOI
TEXHOJIOT1I KOOPJAWHATHOTO BHYTPIIIHHOTO NUTIGYBAHHS 13 METOKO IIiJIBUIICHHS
TOYHOCTI Ta MPOAYKTHBHOCTI 00poOku. lle mnoB’s3aHO, TOJIOBHUM YHHOM, 13
MOJKJIUBICTIO 3MEHIICHHS EHEProeEMHOCTI OOpOOKM TMPU BHUCOKOIIBHAKICHOMY
pO3TOUYyBaHHI OTBOpIB. B I1[bOMYy BHIIaJKy MakCHMajibHa TeMIeparypa pi3aHHs
MEHIIIE TEeMIepaTypu IJIaBICHHS OOpOOIIOBaHOrO Matepiany. Tomy 3'SBIS€ThCA
MOJKJIMBICTh TIJBUIIEHHS MPOAYKTUBHOCTI OOpOOKM (akTuyHO O€3 301IbIICHHS
TEMIIEpATypH pi3aHHS, OCKUIbKM BOHA HE3HAYHO BIAPI3HSETHCS BlJ] MaKCHUMalbHOT

TemriepaTypu pizaHHs. [Ipu nuridyBaHHI IIBOTO JOMOTTHUCS HEMOXIMBO, OCKITBKH
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MakCMMajJbHa TeMIepaTypa pi3aHHS 3aBXIW  OUIbIIEe TeMmIepaTypd IUIaBJICHHS
00po6sroBaHoro matepiany. Ha 11iii OCHOB1 CTBOPEHO METOJIOJIOTII0 PO3POOJICHHS Ta
BIIPOBA/XKEHHSI Y BUPOOHUUTBO €(EKTUBHUX TEXHOJOTIYHUX MPOLECIB JIE30BOi
00pOoOKHM 13 3aCTOCYBaHHSIM CYy4aCHUX BUCOKOOOEPTOBUX METANOPI3aIbHUX BEPCTATIB
13 UIIY Tuny "oOpoOHuii 1eHTp" Ta pi3aIbHUX JIE30BUX TBEPAOCIUIABHUX 1
KepaMIYHUX 1HCTPYMEHTIB 31 3HOCOCTIMKMMH TMOKPUTTAMH  3aKOPIAOHHOIO
BUpOoOHUIITBa. [lokazaHo, 10 BOHM A03BONIAIOTH A0 10 pasiB 1 Olablle 3HU3UTH
€HEProEMHICTD 1 MIIBUILIUTH MPOAYKTUBHICTH OOpOOKU IpH 3a0€3Me4YeHH] BUCOKHUX
MOKAa3HUKIB SIKOCTI Ta TOYHOCTI OOpOOJIIOBAHMX TOBEPXOHb IMOPIBHSIHO 13
nutipyBanasaM. [le go3Bonuino mo 10 pa3iB 3HM3UTH TPYAOMICTKICTH OOpOOKH 1 10
200 pa3iB pO3MHUPUTH HOMEHKIIATYPy BUPOOHHUITBA CKIAHONPO(D1IbHOI PopMyI0HO0i
OCHACTKHU JUISI Xap4OBOi MPOMMCIOBOCTI B YMOBax JApPiOHOCEPIMHOrO 1 MITy4YHOTO
BUPOOHUIITBA 13 3a0€3MEUCHHM i1 BUCOKOI SIKOCTI Ta KOHKYPEHTOCTIPOMOKHOCTI.
Po3po6ieHo MeTOAMKH PO3paxyHKY paliOHAJIbHUX CTPYKTYp 1 MapameTpiB
TEXHOJIOTIYHUX TPOIECIB MeXaHIYHOi 00poOKM ckIagHOnpodiabHOI (GopMyroUoi
OCHACTKHM, W10 JO3BOJIMUJIO BU3HAUMTH pALlOHAJbHI PEXUMHU pI3aHHS Ta
XapaKTEPUCTUKU PI3AIbHUX 1HCTPYMEHTIB, sIKI 3a0€3MeuylOTh 3HAYHE ITiJIBUIICHHS
IPOYKTUBHOCTI 0OPOOKH /JIs1 3a/IaHUX 3HAYEHb TEMIIEPATypH Ta CHIIA Pi3aHHS.
Po3po6iieni TeXHOMOTIYHI MPOLECH MeXaHI9HOT 00poOKH CKIaaHOMPOIIHHOT
(GopMyr040i OCHAaCTKM MJIi XapyOBOI MPOMHCIOBOCTI BIIPOBAKEHO B OCHOBHE
BupoOHuLTBO TOB "IMnepis metaniB" 13 eKOHOMIYHUM epekToM 3,86 MIIH I'pUBEH,
IO JO3BOJMJIO 3a0€3MEeUnTH BHUTOTOBJICHHS BUCOKOSIKICHOI CKJIaAHONPOQIIBHOT
dbopMyr0UY0i OCHACTKM ISl MIAMPUEMCTB XapuyoBOi IPOMHCIOBOCTI MiHicTepcTBa
arpapHoi MOJITUKU Ta IPOJIOBOJILCTBA Y KpaiHU.
KiarouoBi cjioBa: TexHOJNOTIYHMIA Tipoiiec, ApiOHOCEpiiHE Ta IITy4YHE
BUPOOHUIITBO, OOpOOJIFOBAIbHHUI 1IEHTp, (IHIMIHI omepallii, MaTeMaTu4Ha MOJIEb,
TEeMIlepaTypa pi3aHHs, TOYHICTb 0OPOOKH, MPOAYKTUBHICTE OOPOOKH, EHEPTOEMHICTh

00poOKH, MPYy>KHE TTEPEMIIIISHHS.
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ABSTRACT

Polyansky V. I. Basics of quality assurance and reduction of labor intensity of
machining of complex-shaped forming equipment for the food industry. — On the
rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of technical
sciences on a specialty 05.02.08 — technology of mechanical engineering (13 —
mechanical engineering). National Technical University "Kharkiv Polytechnic
Institute". Kharkiv, 2021.

Dissertation is devoted to the solution of the actual scientific and applied
problem of the theoretical definition and substantiation of the conditions for a
significant increase in quality, accuracy, productivity and a decrease in the labor
intensity of machining by reducing its thermal and power tensions and, on this basis,
the development of effective technological processes for machining of complex
molding equipment for the food industry using modern high-speed CNC metal
cutting machines of the "machining center" type and progressive cutting blade carbide
and ceramic tools with wear-resistant coatings. The scientific novelty of the results
obtained is that for the first time theoretical approaches have been developed to
determine the technological possibilities of improving the quality and reducing the
labor intensity of machining by reducing its thermal and power tensions. Simplified
mathematical models have been developed for determining the cutting temperature
during grinding and blade processing, based on taking into account the balance of
heat arising in the cutting zone and entering the surface layer of the workpiece, the
resulting chips and coolant. For the first time, a generalization of theoretical solutions
for determining the parameters of the thermal process during machining is carried
out, taking into account the achievement of the final value of the depth of penetration
of heat into the surface layer of the work piece. The main direction of reducing the
cutting temperature, improving the quality and productivity of processing has been
established, which consists of reducing the maximum cutting temperature to the level

and below the melting temperature of the material being processed. This allows for a
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significant increase in machining productivity to be achieved without actually
increasing the cutting temperature. For the first time, a new universal technological
parameter of machining was proposed — the maximum cutting temperature, upon
reaching which all the heat generated during cutting goes to the chips, and which is
determined by the ratio of the energy consumption of processing to the product of the
specific heat and density of the processed material. This makes it possible to compare
the maximum cutting temperature with the melting temperature of the processed
material and, if exceeded, to apply the technological methods of its reduction for
various machining technologies. It has been established that a decrease in the energy
consumption of machining (engineering cutting stress) is the main condition for the
reduction of the maximum cutting temperature and, accordingly, the -cutting
temperature. It is shown that the difference between the calculated and experimental
values of the cutting temperature during grinding does not exceed 12%, which
indicates the reliability of the developed mathematical model for determining the
cutting temperature.

Calculations have established that in real grinding conditions, the ratio of the
specified and maximum grinding temperatures can vary only within 0 ... 0.4 in
connection with the excess of the maximum cutting temperature and the melting
temperature of the processed material due to a significant increase of conventional
cutting stress. This expands the technological opportunities of turning in comparison
with grinding.

It was established for the first time that the most significant reduction in the
cutting temperature during grinding can be achieved with intermittent grinding under
conditions of equality of the lengths of the working protrusion and the cutout of the
intermittent wheel, and under increase in the number of working protrusions of the
wheel. In this case, the cutting temperature can be reduced by more than 2 times
compared to the cutting temperature when grinding with a continuous wheel.
However, the maximum cutting temperature in this case takes on values that are

significantly higher than the melting temperature of the material being processed.
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This limits the technological possibilities of interrupted grinding in comparison with
edge cutting machining.

For the first time, the technological capabilities of determining the cutting
temperature during blade processing using a mathematical model, which is based on
the number of shearing elementary volumes of the processed material arising in the
cutting zone, have been expanded. It was found that with their increase, the cutting
temperature can increase up to 10 times. This is possible when grinding in conditions
of continuous contact of the bond of the grinding wheel with the processed material.
During blade processing, the amount of shearing elementary volumes of the
processed material arising in the cutting zone is insignificant, which makes it possible
to reduce the cutting temperature and increase the quality and productivity of
processing.

It has been established that the mathematical models developed in this work for
determining the cutting temperature during machining are positively different from
the known models, because they analytically link all the main parameters of the
thermal process during cutting: the cutting temperature, the maximum cutting
temperature, the depth of heat penetration into the surface layer of the work piece, the
temperature gradient, the distribution of heat entering the workpiece, chips and
process medium. As a result, it becomes possible to quantify and compare the cutting
temperature during grinding and blade processing from a unified theoretical positions
in a generalized form.

For the first time, the technological capabilities of a significant reduction in the
maximum cutting temperature and an increase in the technical and economic
indicators of machining at finishing operations by moving from grinding to modern
high-speed cutting technologies (turning, boring and milling on modern high-speed
metal-cutting machines with CNC of "machining center" type using carbide and
ceramic tools with wear-resistant coatings) have been substantiated theoretically and
experimentally.

The mathematical model for determining the parameters of force tension

during blade processing (energy intensity and cutting force) has been further
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developed and improved, taking into account the updated values of the conditional
shear angle of the material being processed. It is shown that the radial component of
the cutting force prevails in the formation of the conditional shear angle of the
machined material, which leads to its significant decrease (by 1.5 times) in
comparison with the calculated values obtained on the basis of known dependencies.
This made it possible to substantiate the conditions for reducing the energy
consumption of processing and cutting force. The mathematical model for
determining the elastic displacements arising in the technological system was further
developed and improved, and it was found that they depend, first of all, on the
method of machining and its energy intensity. Therefore, the main way to increase
the accuracy and productivity of processing is the use the modern technologies of
high-speed blade processing in finishing operations instead of traditional technologies
of grinding and blade processing. Based on the generalization of the analytical
description of the elastic displacement during grinding and blade processing, and
taking into account the energy intensity, in comparison with the elastic displacement
values for various machining technologies was carried out, which made it possible to
choose the most effective options for high-precision and high-performance finishing.
Yes, it’s theoretically and experimentally substantiated the effectiveness of using
high-speed boring technology instead of the traditional technology of coordinate
internal grinding in order to increase the accuracy and productivity of machining.
This 1s mainly due to the possibility of reducing the energy intensity of machining
during high-speed boring of holes. In this case, the maximum cutting temperature is
lower than the melting temperature of the processed material. Therefore, it becomes
possible to increase the machining productivity without actually increasing the
cutting temperature, because it does not differ significantly from the maximum
cutting temperature. This cannot be achieved with grinding, because the maximum
cutting temperature is always higher than the melting temperature of the processed
material. On this basis, a methodology was created for the development and
implementation into production of effective technological processes for edge cutting

machining using modern high-speed metal-cutting machines with CNC of
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"machining center" type, and cutting blade carbide and ceramic tools with wear-
resistant coatings of foreign production. It is shown that they allow to reduce energy
consumption up to 10 times or more and to increase processing productivity while
ensuring high quality and accuracy of the processed surfaces in comparison with
grinding. This made it possible to reduce the labor intensity of processing up to 10
times and to expand the range of production of molding tooling for the food industry
up to 200 times in the conditions of small batch and unit production, ensuring its high
quality and competitiveness.

The methods have been developed for calculating sustainable structures and
parameters of technological processes for machining complex-shaped forming
equipment, which made it possible to determine rational cutting modes and
characteristics of cutting tools that provide a significant increase in machining
productivity for given values of temperature and cutting force.

The technological processes have been developed and introduced into the main
production of Empire of metals Ltd. with an economic effect of 3 860 000 UAH, for
machining process of complex-shaped forming equipment for the food industry,
which made it possible to ensure the manufacture of high-quality complex-shaped
forming equipment for food industry enterprises of the Ministry of Agrarian Policy
and Food of Ukraine.

Keywords: technological process, small batch and unit production, machining
center, finishing operations, mathematical model, cutting temperature, processing

accuracy, process efficiency, process energy capacity, elastic displacement.
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