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BUCOKOUWBHAKICHE OBPOBJIEHHSI .
Y BUTI'OTOBJIEHHI JETAJIEU 3 BUCOKOMIIIHUX CTAJIEN
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Anomauia. OcnogHuili npunyun 06pobienHs 8UCOKOI WBUOKOCME NOAA2AE 8 MOMY, WO 3a OydHce BUCO-
KOI' WeUOKoCmi Pi3auHs 3HAYHO NIOGUULYEMbCS MEMNEPAmypa 6 30HI PI3aHHs. 3a60sKU YbOMY 86Uy
00pOO6NIeHH MOJCHA 00CA2MU 3HAYHOI NPOOYKMUBHOCI U 800HOYAC He 8Mpamumu AKiCmb 8UXiOHOL

nPOOYKYi.

Knrouoei cnosa: cmanv, BLIO, KIT-cucmemu, 3D-npoexmyeanms, mMemoo KiHyesux elemMeHmis, pe-

oHcumu pesepysanns.

Beryn

Po3BuTOK 1 BIpoBa/KEHHS HOBITHIX TEXHO-
JIOTiId y BUPOOHMIITBO 3aBXKIH € aKTyaJlbHUM
muTanHsaM. OIHIEI0 3 TAKUX TEXHOJIOTIH € BHCO-
KOIBHIKICHe 00poOnenHs. Jlocmimkenas ¢i3u-
YHHX SIBUII, 110 CYIPOBOJXYIOTh MPOIEC BHCO-
KOIIIBUJIKICHOTO OOpOOJICHHS, € HarajbHUM
3aB/IaHHSIM CYy4acCHOTO MalnHOOYTyBaHHS.

AHaJji3 myOaikanii

Jns ycminiHOTO KOHKYPYBaHHS Ha PUHKY
nepes MiANPUEMCTBAMU — BUPOOHUKAaMU TipHU-
401 TEXHIKM — MOCTAIOTh 3aBAaHHS IIONO CTBO-
PEHHS MPOIYKIIi 13 cTaneH i cruaBiB 3 0co0Iu-
BUMH  (PI3UKO-MEXaHIYHUMH  BIACTHBOCTIMH,
HAMBaXIMBIIIMMU 3 SIKUX € KOPO3iiiHa CTIMKICTh
y PI3HHUX Cepe/IOBUIIAX, KAPOMIIHICTD 1 BHCOKA
MILHICTb.

OCHOBHHI HEJONIK WX CTajed — TPYAHOIII
00po0OnienHs Ha Bepctati [1]. OcraHHIM Yacom
MIUPOKO 3aCTOCOBYIOTHCSI METOJIU IIBHKICHOTO
00po0IieHHs1, 0cOOMBO MBUAKICHI (ppe3epyBaH-
HS, Jie TIpOleC pi3aHHS Ta TIOJAHHS BII SITEPO-
BJIECATEPO BUIL, HIK y pa3i 3BHYAHOTO 00p00-
JICHHSL.

BcraHnoBieHo, 1110 3 HEBEIMKUMHE JTUITHKAMH
po3pi3aHHS B yMOBax OOpPOOJICHHS BHCOKOIO
mBuakictio (BIIO) ocHoBHa wacTWHA Teria
30CcepePKeHa B CTPYXKI, HE MAOYH 4acy 3aliTH
B 3aroToBKy [2]. OgHak € cdepu 3acTocyBaHHS,
€ HEMOXJIHMBO JOCATTH BHCOKOI HIBHIKOCTI.
Toxi MOXXeMO TOBOPHUTH TPO NEPEXiAHY 30HY
MI’K BUCOKONIBUIKICHUM 1 3BUYaiiHUM (hpe3epy-
BaHHSIM.

Ane # TYT AOCSTaloTbCs HACHiAKH BHKOPHC-
TaHHA BHCOKOI HIBHIKOCTI 00pobnenns. Jocii-
JOKEHHS SITOHCBKUX EKCIIEPTIB TPOJIEMOHCTPY-
BajM, mo mjx yac npoxyktuBHocTi BIIO 75 %

BUPOOJICHOTO TEIIa BUKUIAETHCS 32 JOTOMOTO0
crpyxkky, 20 % — dgepe3 iHCTpyMeHT, a 5% —
yepe3 00pobiieHy uacTuHy. Jletanp y mporieci
pi3aHHSI HArPiBa€THCSA HECYTTEBO, IO TTO3UTUB-
HO BITUBA€E HA TOYHICTH 00poOeHHs [3].

Mera ii nocTaHOBKA 3aBIaHHS

Metow € migBUIIEHHS €()EeKTHBHOCTI Me-
XaHIYHOTO OOpOONIeHHsT neTaneil i3 crameit i
CIUIaBiB 3 OCOONMBUMH (Hi3UKO-MEXaHIYHUMHU
BJIACTUBOCTSIMH, HAHBa)KJIMBIILINMHU 3 SIKHX € KOPO-
3ilfHa CTIMKICTh Y PI3HUX CEPEIOBHIIAX, KapOMIll-
HICTh 1 BUCOKa MIIIHICTh YHACTIZIOK 3aCTOCYBAaHHS
METO/y BHCOKOIIBUJIKICHOTO (pe3epyBanHHs. st
JOCSTHEHHSI TIOCTAaBJIEHOI METH HEOOXiHO 3MOJe-
JIFOBaTH BipTyasbHuil npouec BILO, sikuii Ha0uHO
MPOAEMOHCTPYE, IO BiIOYBAETHCS B 30HI Pi3aHHSI.
Lle macTs 3MOTy HajaTH peKOMEeHIaLil o0 Ma-
paMeTpiB PeKUMIB pi3aHHS.

Buxnag ocHOBHOTo Mmarepiajry

Jst 3abe3niedyeHHsT HAMIHHUX pE3yNbTaTIB i
JOCSATHEHHSI MakcuManbHoro edekty Big BIIO
HEOOXIIHO TEpEeriisHyTH MiIXOAW OO JOCi-
JOKCHHSI, TIATHOCTUKU W KEpyBaHHS MpoIiecaMu
00pOOJICHHSI, a TaKOoXX METOJIB IIiIBHIICHHS
e(heKTUBHOCTI MexaHiuHOro 00poodiieHHs. [{omo
ctparerii 0OpoOJIeHHs, TO HACTIpaBi 1€ JOCUTh
MPOCTi MpaBHia, SKi TEXHOJIOT Ma€ BUKOHYBATH,
3B)KAIOYM Ha mporpamMu oOpoOJeHHS Ta HasB-
Hictb CAM-cucreM, sKi MIATPUMYIOTH Li mpa-
Buia [4].

[lepme npaBuno BIIIO momsirae B ToMy, 110
HeoOXimHO 3a0e3meunTH HE3HadHl MEepPEeTHHHU
3pi3y, SAKiI BUIYYalOThCS 3 BEJIMKOIO MIBUIKICTIO.
Sk 3a3Havanocs BUINE, 1€ OCHOBa OOPOOJICHHS
BUCOKOIO IIBUAKICTIO W peali3yeThCsl MPOCTHM
3aBJJaHHSIM HEBEJMKUX KPOKIB MiX MPOXO/IaMH,
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3a BUHATKOM THX BUNIAJAKIB pi3aHHS, KOJIH TPH-
Ba€ MPOXOKECHHS BCi€l IUPUHH (Hpe3H.

Taki BUIaAKH MarOThb OyTH YHEMOXKJIMBICHI
3aBISIKM BHKOPHCTAaHHIO TPOXOINAIFHOTO 00po-
OyreHHs1, Kou pe3a pyXxaeThes MM Jac pi3aHHs
M0 KOJTy, 3PEeIITOI0 3AiHCHIOIYH Bpi3aHHA. Omn-
TUMaNbHO, komu cama CAM-cucrema Oyaye
TPOXOiny B MicUsiX, A€ TMOTPiOHO BUKOHATH Bpi-
3aHHS.

Ll crparerisi TakoX BHUKOPHUCTOBYETHCS Y
(hopMyBaHHI KaHABOK, SIKi paHiIIe 0OpOOISIHCS
OJTHMM PYXOM (pe3r TOro caMoro AiaMeTpa, 1o
W IMpyHa KaHaBKH.

VY pasi, xomu BIIO 3acTocoByeThCst 111 00-
pOOJIEHHS 3arapTOBAaHOI 3arOTOBKH 3 OTBOPOM,
CBEpIJIIHHS BHKIIMKA€ TIEBHI TPYIHOII dYepes
HU3BKY CTiHKICTh cBepael. 3a 1iei yMoBH cmipa-
JpHE po3(dpesepyBaHHS OTBOPIB MOXe OyTH
e(heKTUBHUM METO/IOM.

Kpim Toro, K HOBOAWTH MpPAKTHKA, e Me-
TOX OOpOONEHHSI 3aBSKH MPOIYKTUBHOCTI Ta
CTIMKOCTI iIHCTpyMeHTa OiIbII pe3ynbTaTHBHUH,
HiX 3BUYaliHE CBEPUTIHHA [5].

Hpyre mpasmio BIIO — 3a0e3neuntn rinagky
TpaekTopiro iHcTpyMeHTa. Lle BurumBae 3 He0O-
XITHOCTI 3MEHIIUTH MTUHAMIYHI HaBaHTAKCHHS
MiJ] 9ac pi3Koi 3MiHU HAIPSIMKY PyXy IHCTpyMe-
HTa. HeoOXiJHO MakCHManbHO YHUKHYTH KYTiB
Ha TpaekTopii (puc. 1).

Puc. 1. Cxema 06po6ieHHS

VY kyrtax, Jie IHCTpYMEHT 3MIiHIOE HaIpsIMOK,
BiH 3MyIIEHUH 3ynuHUTHCSA. OAHAK 3MEHIICHHS
HaBaHTAXEHHS B L€ MOMEHT CIPHYHUHSE Bpi-
3aHHS (pe3u B TIJIO JETalli, 1 BHACHIOK ILOTO
CJIiJTV 3aJIMINAOTHCS Ha TIOBEPXHI.

Tpete mpaBuiio — 3a0€3MEYUTH PIBHOMIpHE
HaBaHTAXEHHS Ha IHCTpyMeHT. Tpaauuiiine
CTpiuHe 00pOOJIeHHS, M0 Nepeadadae YuCIeHHI
3ax0JI¥ Bpi3aHHs ¥ BUXOJM IHCTPYMEHTA, HABIThH
SIKIIIO BOHHU 3IJIaJKEHI BXOJaMH IO 1y3i, HE
MOJKe OyTH BU3HaHEe onTuMaibauM it BILIO.

[lepeBara mae OyTu HajaHa CTpaTerisiM CIii-
paui, ne uel iHCTPYMEHT, KOJMCh Bpi3aBLIKCH,

30epirac MOCTIMHMIA 1 PIBHOMIPHUNA KOHTAaKT i3
JMeTaITF0 abo CTpaTerisiMU  PiBHOBIAAJICHOTO
nepeMillleHHS KOHTYPY, SIKi TPUBAIUH Yac mif-
TPUMYIOTh KOHTaKT iHCTPYMEHTA i3 3arOTOBKOIO
3 OHHUM 33aX0JIOM Ta BUXO/IOM.

3aBgaHHAM IMi€l pOOOTH € aHaIi3 TEXHOJIOTIY-
HOCTI BUTOTOBIICHHS aetaneii «OcHoBay, «CTiH-
Ka» Ta BHOIp pPEXHUMIB pi3aHHA O0OpOOICHHS
MaprananeBuctoi ctam DIN Mnl6CrS5 3a go-
nmomororo  MonemoBanus B CAE-cucremi
DEFORM-3D.

[eTauti, 3amporroHOBaHi Ui aHamizy, — KOp-
MyCHI TUTACTUHU, IO BUKOPUCTOBYETHCS B Tip-
HU4IH TexHimi (puc. 2, 3).

Puc. 2. llloxoBa gpobapka

Puc. 3. [lerani mokoBoi gpodapku

Jetani MaioTh OTBOpH 3 pi3bOamu, ¢ackw,
3aKpYTJICHHS, M1a31, TOBCTOCTIHHY CTPYKTYPY.

CAD (Computer Aided Design) — cuctema
aBTomMatn3oBaHoro mnpoekTtyBaHHs (CAIIP) —
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MpOTrpaMHUI MakeT, TPU3HAUYCHUM JJIsl CTBOPEH-
HSl KPECJIEHUKIB, KOHCTPYKTOPCHKOI Ta/abo Tex-
HOJIOTIYHOI JOKyMeHTalii Ta/abo 3D-mopneneii.
CydacHi CHCTEMH aBTOMAaTH30BAaHOTO TPOEKTY-
BaHHs 3a3BUYail BUKOPUCTOBYIOTHCS DPa3oM i3
CHCTEMaMH aBTOMAaTHU3allii iHKEHepHHX po3pa-
xyHkiB Ta aHanizy CAE (Computer Aided Engi-
neering). Indopmanis 3 CAD-cuctem mepena-
erbest B CAM (Computer Aided Manufacturing) —
CHCTEMy aBTOMATH30BAHOTO PO3POOJIEHHS IIPO-
rpaM oOpoOJeHHS neTaneld IjIsi BepcTaTiB i3
YIIK [6].

Jns po3p’si3aHHs 3aBIaHb, MOCTABICHUX Yy
mif poOOTi, BHUKOPHCTOBYETHCS MPOTPAMHUIA
npoaykt DEFORM, sikuil nae 3Mory BUKOHYyBa-
TH IHXKEHEpHI po3paxyHkH 5K y 2D, Tak i B 3D.
DEFORM mpomoHye MpoBeCTH MOMAETIOBAHHS
abo 3a gomnomororw mabmona DEFORM-3D
Machining (Cutting) abo npenporiecopa. Y mii
po0OTI pe3yIbTaTH MOJICIIOBAIIUCS 3a JOIIOMO-
Tor0 mpemnporecopa [7].

V¥V makeri DEFORM-3D cnporsosyemo po3s-
MOJI  HampyXeHb, JedopMariif, IIBUAKICTH
nedopmariii, TeMnepaTypHi MOTOKH B 30HI pi-
3aHHA MIX CTPYXXKOIO Ta 00pOOIIFOBaHOIO TTIOBE-
PXHEIO 3 OINAQY Ha TeIUIO3aXUCT 1HCTPpYyMEH-
Ta [8-13].

YMOBHU PO3PAXYHKY:

— ¢pe3a chepuuHa giaMeTpoM 8 MM;

— MaTepiaJl 3aroTOBKM — MapraHileBUCTa
crans DIN Mnl16CrS5;

— mBuAKicTh obepranns ¢pesu 20 000 06/xB;

— momanHs Ha 3y0 0,1 Mm.

OkpiM ermop, OTPUMAHO PO3MOALIH MapaMe-
TpiB y BurisiAi rpadikis (puc. 4-6).

Puc. 4. I'padik 3aeKHOCTI TEMIIEpaTypH Bij 4acy

Energy (N-rarm)
.44

State Variable

.86

2.68

0.000 0.0000164 0.0000325 0.0000483 0.0000653 0.0000322

Puc. 5. T'padik 3anexnoCTi eHeprii Bix yacy

Torque(N-mm) State Variable
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0,000 0,0000164 0,0000329 0.0000493 0.0000658 0.0000822
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Puc. 6. I'padik 3a1€KHOCTI KPYTHOIO MOMEHTY
BiJl Yacy

BucHoBkn

VY cTarTi po3riasHYTO MOJENIOBaHHS BHUCO-
KomBuaKicHoro ¢gpesepysanus 8 DEFORM-3D.
OtpuMaHo rpadiku 3aJIeKHOCTSH NapaMeTpiB
(TeMriepatypu, HampykeHb, Aedopmariid, po3-
MOJIUTy eHeprii TomIo), sSKi MarTh IMITYJIbCHHUH
XapakTep po3MoJIiTy B Yaci.

MakcumanbHa TemrepaTtypa BIacTHBA CTPY-
XKIl, a TOBEPXHS JeTali Ma€ 3HAYHO HIKIY
TeMriepatypy. Lle miarBepmxye, mo 3a oOpaHmx
napameTpiB  oOpoOJIeHHsI IIHCHO peati3yeThbes
MmexaHizm HSM.

3 MOCATHYTHX Pe3y/bTaTiB MOXHa 3POOUTH
BHUCHOBKH, III0 Tpadik 3aJeKHOCTI HANPYKEHHS
BiJ] yacy BUIEpeKae rpadik 3ajexHocTi aedo-
pmarii, a rpadix 3anexHocTi aedopmarii 3i
cBoro OOKy Bumepemkae Trpadik 3ale)HOCTI
TEMIIepaTypH Bi 4acy, TOOTO MPHUCYTHI KOHKY-
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PEHTHI XBHJILOBI 3QJIKHOCTI IMIBUAKOCTI (hPOH-
TiB geopmaniii i Temneparypu.

ITomani B po6oTi Tpadiku KOPEITIOIOTHCS MiX
co0or0. BecranosiieHo, 1110 HalOUIBII ONTHMAJIb-
HI PEeXUMHU pi3aHHS CTAHOBIATH: TOJAHHS —
60 mMM/c 3a yMOBH ruOuHU pizanHs 0,2 MM.
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Improving the efficiency of the mechanical
processing of parts on machine tools

Abstract. Problem. The increasing requirements for
the accuracy of the dimensions and shape of parts
made of steels and alloys with special physical and
mechanical properties, the most important of which
are corrosion resistance in various environments,
heat resistance, and high strength, have necessitated
a new approach to machining. The primary disad-
vantage of these steels is the difficulty in machining
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them on a machine tool. In recent years, high-speed
machining methods have been widely used, especially
high-speed milling, where cutting and feed rates are
5—10 times higher than in conventional machining.
However, there are areas of application where it is
impossible to achieve high speeds. Then we can talk
about the transition zone between high-speed and
conventional milling. But here too, the effects of
using high machining speeds are achieved. The part
is not heated significantly during the cutting process,
which has a positive effect on the machining accura-
cy. Goal. Increasing the efficiency of machine parts
made of steel and alloys with special physical and
mechanical properties. Methodology. The process of
modeling high-speed milling in DEFORM-3D is
considered. The simulated virtual process of the VSH
showed what is happening in the cutting zone. This
enables the provision of recommendations on the
parameters of cutting modes. Results. Graphs of
dependencies of parameters (temperature, stresses,
deformations, energy distribution, etc.) were ob-
tained, which have a pulsed nature of distribution in
time. The maximum temperature is present on the
chip, and the surface of the part has a much lower
temperature. This confirms that with the selected
processing parameters, the HSM mechanism is really
implemented. Originality. According to the results of
the study, it can be concluded that the graph of the

dependence of stress on time is ahead of the graph of
the dependence of deformation, and the graph of the
dependence of deformation in turn is ahead of the
graph of the dependence of temperature on time, i.e.
there are competing wave dependences of the veloci-
ty of deformation fronts and temperature. Practical
value. It was found that the most optimal cutting
modes are feed — 60 mm/s at a cutting depth of
0.2 mm.

Keywords: Steel, HSM, KIT systems, 3D design,
finite element method, milling modes.
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