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JOCJIIKEHHSA ITPOLECIB BAJIAHCYBAHHS IJII®YBAJIBHUX
TA HIBUAKICHUX ®PE3EPYBAJIbHUX BEPCTATIB
3 YPAXYBAHHAM HEBPIBHOBAKEHOCTI PI3BAJIBHOT'O IHCTPYMEHTY

YV nayxositi pobomi poszenanymo npoyec 6anancys8anns winihyeanbHux ma WEUOKICHUX (hpe3epysanbHux 6epcmamia 3
VDaxy8aHHAM He8pPiBHOBAdICEHOCI pi3anblo2o iHcmpymenmy. Hasedeno cxemu cmamuunoz2o 6anancy8amnHs pizanbHo2o iH-
cmpymenmy ma amecmayii winig)yeanvHo20 Kpyaa 3a K1acom HegpigHosadiceHocmi. Posensiymo mexanizm cmeopents oasu
O0aHux 3a 00NOMO2010 npozpamnozo 3abesnevenns Microsoft Access, sike 3abe3neuye ingopmayitiny niompumky npu 3pieHosa-
JICY8AMHI WUNUHOETI8 WLTIDYBATbHUX MA WUEUOKICHUX (Dpe3epPy8allbHUX 6epCmamie.
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AKTYyaJIbHICTh TeMH J0CTiTKeHHs. BioMo, 110 ONIHI€I0 3 TPUYUH, [0 BUMArae mpoBe-
JICHHS TIpolecy OallaHCyBaHHS IIMHUHJEIIB HUTi(QYBaIbHUX Ta HIBUAKICHUX (pe3epyBalbHUX
BEpPCTAaTiB, € BiOpallis, siKka BUKJIMKaHa HEBPIBHOBAXKEHICTIO TEXHOJIOT1YHOI cucteMu. OHI€l0 3
HAHOUIBII MOITUPEHUX peakilii Ha BiOpallii € 3MEHIIICHHS MIBUIAKOCTI 00epTaHHs IIIMUHICIS,
1110 3HWXKY€ €(PEeKTUBHICTh BUCOKOIIBUAKICHOT MexaHiuHOi 00poOku. Llelt (akT € BupimmambsHuM
11t 6aratb0X BUPOOHMKIB BEPCTaTHUX KOMILJICKCIB, SIKI PEKOMEHIYIOTh OallaHCyBaTH 1HCTpY-
MEHT $IK JI0 BCTAaHOBJICHHs Ha IIMUHIETh BEPCTaTa, TaK 1 B Mpoleci MexaHiuyHoi oopooku. Ha
3aroTOBIi OCHOBHHMH €(EeKT BUPAKAETHCS B 3HMIKEHHI SIKOCTI 0OpOOKM MOBEPXHI i TOYHOCTI
3aJJaHUX PO3MIpIB, 110 3MEHIIYE TEPMiH CIYXOU IMUHACTHHOTO By3Ja, IHCTPYMEHTY 1, B KiH-
[IEBOMY T1JICYMKY, YCHOTO METaIOPi3aIbHOTO BepcTaTa.

IMocTanoBka npo6aemu. CyyacHi BUpOOHUYI Onepariii BUMaraioTh BUKOPHUCTAHHS BUCOKO-
MIBUKICHOT 00p0oOKH Ha MBUAKOCTAX mnuHAens moran 10000 xB . Tomy nmnst 3MeHIIEHHS pi-
BHs BiOpalliii 1 301IbIIEHHS TEPMiHY eKCILTyaTallii MeTaJopi3aibHOro BepcTraTa HeoOXiqHO Te-
penbadaTn OanaHCyBaHHS pi3aJIbHOTO IHCTPYMEHTY Ta Horo ompaBok. Jlis mocsrHeHHsS
ONITUMAJILHOTO PE3YJIbTaTy, OaJaHCyBaHHS MOBUHHO OyTH BUKOHAHO MPH KOXKHIH 3aMiH1 IHCTPY-
MEHTY, 1110 TOTpeOy€e HAasABHICTh HAYKOBO OOTPYHTOBAaHUX METOAMK 3piBHOBaKYBaHHS Ta BiAIO-
BiJTHOTO TEXHOJIOTIYHOTO YCTAaTKyBaHHS.

AHaJIi3 ocTaHHIX JOCTiKeHb i myoaikaniii. Y podorax [1; 2] Ha migcTaBl TEOPETUYHUX 1
EKCTIEPUMEHTAIBHUX JIOCIKEHb OOIPYHTOBAaHO MOXJIMBICTh OTPUMAHHS MTOBEPXHEBOTO II1apy
JieTaji Ipy BUCOKOUIBHIKICHOMY ITi(hyBaHHI Ta (hpe3epyBaHHi 13 3aJaHUMH BEJIMUNHAMU 3aJTU-
IIIKOBHX Halpy>KeHb, HIOPCTKOCTI, MIKPOTBEPIOCTI Ta CTPYKTYpHO-(a30Boro ckiaay. BuznaueHno
00J1acTh TOMYCTUMUX PEKHUMIB BUCOKOIIBUIKICHOTO TOPIIEBOTO (ppe3epyBaHHs 1 3Hai1eHO i on-
TUMaJIbHI 3HaYE€HHA. AHAJITUYHO BCTAHOBJICHO, III0 BUCOKOIIBUJKICHE (ppe3epyBaHHs Ma€ 3HaA-
YH1 TEXHOJIOTIYHI MOXITUBOCTI 3 TIOIISTy 3MEHIIIEHHS IIOPCTKOCTI MTOBEPXHI MPH OJHOYACHOMY
30UIBIIEHH] MTPOIYKTUBHOCTI 00poOKU. Y po6oTi [3] po3misiHyTO MpobiaeMu, siKi BUHUKAIOTh Y
pasi HasBHOCTI JucOasiaHciB Ipu 00poO1li BUCOKOIIBUAKICHIM 00EPTOBUM IHCTPYMEHTOM METa-
JIeBHX Ta HEMETaJIeBUX JeTaneil. BusnaueHo, 1o mpoOnema MmoCHII0eThCs BiJICYTHICTIO 3aralib-
HOBH3HAHOTO MOy HA HOPMAaTHBHI BUMOTH, SIKi TpeOa 3aCTOCOBYBATH IPY BU3HAYCHHI 3aJIU-
IIKOBOTO JicOanancy Uit KOHKPETHOT IHCTPYMEHTAIbHOI CUCTEMH, 33/IisTHOT Y TEXHOIOTTYHOMY
nporieci. Y pobotax [4; 5] mpoBeieH] TeOPETHYHI TOCIIHKEHHS Ta O0UHUCITIOBANIbHI eKCTIepHMe-
HTH aBTOMAaTUYHOTO OajlaHCYyBaHHs POTOPIB, II0 MPALOIOTh 3 YAAPHUMH HaBaHTaKeHHsIMU. Ta-
KOXX PO3MISIHYTO MPOOJIeMy MOBHOTO OallaHCyBaHHS 0araro4arikoBOro abpa3svBHOTO 1HCTpyMe-
HTY, po3po0IeHo rpadidHy MoJeNb Mporecy 0anaHCyBaHHS.

BujineHnsi Hel0CIiIKeHUX YACTHH 3arajbHol npoodaemMu. Bucoka mBuakicts 00poOku
BUKOPHUCTOBYETHCS B 0ararbox MexaHoOOpoOHMX BUpOOHMLITBAX. OIHIEIO 3 OUEBUIHUX TEpe-
Bar 1€l TeHJCHIIIT € JOCATHEHHS OUTBIIOT €)EeKTUBHOCTI Ta MPOAYKTUBHOCTI MIPOIECY Pi3aHHS
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3a paxyHOK OLJTbIII BUCOKHX IIBUAKOCTEH oOepTaHHs mmuHaes. OnHak 30UTBIIICHHS IIBUIKO-
cTi 00epTaHHs IIMUH/EIIB TPU3BOIUTH 10 MOSBH MOOIYHUX e(PEeKTiB y MaIIKHI i 3arOTOBIII Ye-
pe3 301nbIIeHHs BiOpalii, OCKIJIBKH BiIIEHTPOBI CHIIM 301IbIIYIOTHCS 1 BiIOYyBA€THCS PyHHY-
BaHHS TEXHOJOriuHOi cuctemu. IIpu 11bOMy OCHOBHMM (akTopoM, skuii Gopmye BiOpamii
MAIIIHHH, € TUCOaIaHC TEXHOIOTIYHOI cucTeMu. OCKUIBKY IITTHHAE BUCOKOIBUIKICHUX IIITi-
¢dyBanbHUX Ta (ppe3epyBaibHUX BepcTariB 30ajaHCOBaHI BinmoBiaHO 1o crannaptiB ISO, To
OCHOBHHM JDKEPEJIOM JUCOaNaHCy € IHCTPYMEHT 1 ONPAaBKH JUISl HOTO 3aKPiIUICHHS.

MeTolo cTaTTi € IPOBECHHS JOCTIPKEHD MPOLIECiB OanaHCyBaHHs HUTi(QyBaIbHUX Ta BUCO-
KOIIBUJIKICHUX (ppe3epyBaJbHUX BEPCTATIB 3 ypaxyBaHHAM HEBPIBHOB)XEHOCTI Pi3aJIbHOIO iH-
CTPYMEHTY, a TakoX (popMyBaHHs 1H(OPMAIIHHOT MATPUMKH TPOLECY TPOEKTYBAHHS IITTHH/IETb-
HOTO BY3J1a 3 KOPET'YIOUMMHU MacaMH 3a JJOIIOMOTOIO0 porpaMHoro 3adesneyenHs Microsoft Access.

Buxkaaa ocHoBHOro Mmatepiany. Ha cboronni nenani Oiibiiie BUpOOHUKIB BUKOPUCTOBYIOTh
BHCOKOIIBUJIKICHY OOpOOKY y Mpolieci TeXHOJOTIUHUX OmNepalii, mo poouTs OanaHCyBaHHS
IHCTpYMEHTY Ta HOTO ONpaBOK MPIOPUTETHUM 3aBIaHHAM. [ 0J10BHMI e(heKT BUCOKOIIBUIKICHOT
00poOKkHM Ha ILTi(yBAIBHUX Ta IIBUAKICHUX (hpe3epyBaIbHUX BEpPCTaTax MOJISArae B CKOPOUCHH1
MAaIIMHHOTO Yacy 3a paXyHOK iHTeHcH]iKalii pexUMiB pi3aHHs, a TAKOX y MiBUIEHHI TOYHO-
CTi Ta IKOCTI mpouecy pizaHHs. OCHOBOIO BUCOKOIPOIYKTHBHOT BUCOKOIIBUKICHOI 0OpOOKH
MOXKe CTaTy MpaBUWIIbHUI BHOIp mapaMeTpiB pexuMiB pizaHHs (BepcTart, cucrema UILY, pizanb-
HUH IHCTPYMEHT, IOTIOMIKHUI IHCTPYMEHT 13 CHCTEMOIO HOT0 3aKpilyIeHHs, CUCTEMa Mporpa-
MYyBaHHs, KBadi(ikalis orneparopa Bepcrara Ta iHII (pakTopH), i HEXTyBaHHsS xo4ya O OHUM i3
[IUX MOXKE ITPU3BECTH JI0 TEXHOJOTIYHOTO OpaKy BHPOOY.

CyuacHuii mumidyBanbHi Ta (ppe3epyBasibHI BEpCTaTH Ui BUCOKOIIBUAKICHOT MEXaHIYHOI
06pOOKK MalOTh MIBUAKICTH 06epTanHs mmunaens 12 000-25 000 xs™!, a mesxi ipmu mporo-
HYIOTh BEpCTaTH 3i MBUAKICTIO obeprands 10 40 000 xB™!. IIpu 1bOMy MIBUAKOCTI Mojadi B
[IOMY BUMAJIKy CTaHOBHUTH 40-60 M/XB, a IIBUIKICTH MEpEMilIeHb poOOUYMX opraHis 0 90 M/XB,
1 B IbOMY BHUIIAJIKy BEpCTAaTH BiAMPaIbOBYIOTh MaJli repeMinieHHs (Big 5 1o 20 MKM) 1 MaloTh
MiBHILEHY >KOPCTKICTD 1 TeMIepaTypHy komneHcauito [1; 2]. Tomy y 3B’43Ky 31 3HIKEHHSIM
CHJI pi3aHHs B IpOLeCi BUCOKOIIBHJIKICHOI 0OpOOKHM Ha HUTiyBaJbHUX Ta (hpe3epyBaIbHUX
BepcTaTax Ha MEPUIMH IJIaH BUXOAATH TaKi YNHHHMKH, SK BEJIMYMHA OMTTS Pi3aJbHOTO 1HCTpY-
MeHTy Ta BiOparii. Tak, HapUKIaa, MOJBOEHHS MIBUAKOCTI pi3aHHS 30UIbIIY€E BiALEHTPOBI
CHJIM BHACIIIJIOK IMCOaNlaHCy IHCTPYMEHTY OibIlly HIK y 4 pasu, 1 I1i CUJIM CTAlOTh NOPIBHSH-
HUMH 13 cujiaMu pi3aHHs. TakuM YMHOM, BUCOKOIIBUIKICHa 00po0OKa BUMarae 0coOIMBoOi yBaru
10 OanaHCyBaHHS, 0 y CBOIO Yepry noTpelye BiAMOBIAHOT HAYKOBO OOIPYHTOBAHOT METOAUKH
3piBHOBaXKYBaHHS pOTOPHUX cucteM [ 1; 2].

Binomo, mo quc6ananc, BUKIMKAHUN HEPIBHOMIPHUM PO3MOALIOM MAacH HaBKOJO Oci obep-
TaHHS TiJa, € PE3yJIBTaTOM JIii MOCTIMHUX 1 3MiHHUX (hakTopiB. IoCTiiiHI MpuumHK aucOanaHcy €
pe3yibTaToM HecuMeTpii MexaHi3MiB. Ha Neskux Tumax iHCTpyMEHTAJbHHUX OMNPaBOK 1€ MOXKE
OyTH BUKJIMKaHO TOXMOKaMH LIMIOHKOBOTO Ta3a a00 3aTHCKHUMHU TBUHTaMH. A 3MiHHI IPUYUHH
BKJIIOYAIOTH JI0 ce0e HEOJHOPIIHICTh Marepiaty (IOpOXHeUi 1 TOPUCTICT B OCHOBHOMY Martepialti,
BUPOOHUYI (pakTOopH, BUpOOHMYI Tomycku). [lucOananc B iHCTpyMEHTaIbHUX OMPAaBKaX BUKIIMKAE
3MIILIEHHS TOJIOBHOI OCi iHepii (LIEHTPy Mac) BiJ oci 00epTaHHs, 1 B I[bOMY BUIIAJKy CTaTHYHE
OanaHcyBaHHS 00EPTOBUX IHCTPYMEHTIB PEKOMEHYE€ThCS ITPOBOUTH TIPHU CIIBBIJHOIIECHHI 1110 JI0-
piBHIOE L/ D < 0,2, ne L i D — BiAMOBIJHO JOBKHHA 1 {laMEeTp Pi3ajIbHOTO IHCTPYMEHTY.

[Tpoctuii mpucTpiid 4151 CTAaTUYHOTO OaNaHCyBaHHS BKJIIO4ae JBi npusmu 1 (puc. 1, a) 3 Byr-
JIe1eBOi IHCTPYMEHTABbHOI cTadi [3; 4], a OmOpHi KPOMKH IPU3M BUCTABJISIIOTH YiTKO TOPU30HTA-
JILHO Ha OJTHAKOBIM BUCOTI. Ha mpu3mMu BCTaHOBIIOIOTHCS OMpaBKH 2 3 OajaHCyBaJIbHUM IHCTPY-
merTtoM 3. Ilpu rpybomy OanaHcyBaHHI B IOYaTKOBOMY CTaHi ONpPaBKy BCTaHOBIIOIOTH Ha
npusmiu. I1iJ Ji€f0 cTaTHYHOTO MOMEHTY OIpaBKa MOBEPTAETHCA 110 TPU3MaM, 1 IEHTp Bar iH-
CTPYMEHTY MEPEMIIAETHCS B HIKHIO TOUKY TPAEKTOPIi pyxy, 1 Oy/ie 3HaXOIUTUCS TTOOIH3Y TOUKU
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piBHOBaru. Jlamii 3a JOMOMOTOI0 PUCOK HA TOPIIEBIN MOBEPXHI IHCTPYMEHTY BU3HAYaIOTh IOJIO-
’KEHHsI 3MiILIeHOro 1eHTpa Baru. [1oTiM onpaBKy 3 IHCTPYMEHTOM MOBEPTAIOTh Yy OyAb-sIKy CTO-
pony Ha 90°, Ta 1 BiIITyCKalOTh, 1 BOHA TIOBEPTA€ETHCS 110 Mpu3Max. Ha 3ynuHeHoMy IHCTpYMEHTI
HAHOCSTb 1O PAJLyCy MITKY, 10 BKa3ye MOJ0KEHHS 3MIIIEHOTO HeHTpa Bar. JlJist «1erkoi» cro-
POHH IHCTPYMEHTY B 3py4YHOMY MiCIli PUKPIIUTIOIOTH Koperyrodi mack (KM) Takoi BenMunHH,
IIpY SIKiil HA OTNPaBKY 3 IHCTPYMEHTOM IepeCTae JIisiTH CTAaTHYHUIA MOMEHT. BennunHa 3piBHOBa-
’KEHOTO BAHTAXy Mi0Mpa€eThC OCITHUM HUILXOM MpU 0araropa3oBOMY MOBTOPEHHI JOCHi-
oKeHb. TouHe OanmaHCyBaHHS 3[1HCHIOETHCS 3 METOIO0 YCYHEHHS IPUXOBAHOI HEBPIBHOBAKEHOCTI
OIPaBKH, SIKa Yepe3 HasBHICTh CHUJI ONOPY HE CTBOPIOE CTAaTUYHOTO MOMeEHTY. [Ipu 1ipomy cum
OTOpY BUHUKAIOTh Y pa3i MOXHUOOK MPU3MATHYHHX OIIOp, HEOCTATHBOI TBEPIOCTI 1 IKOCTI 00po-
OKH poOOUHX MMOBEPXOHB, HASIBHOCTI AE()EKTIB Ta MOXUOOK Oa3yBaHHs OMOPHHUX ITOBEPXOHb.
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Puc. 1. Cmamuune 6anancysanns pizaivho2o iHCmMpyMeHmy:
a — banaucyroyuii npucmpitl;, 6 — amecmayis WnigysarbHUX Kpy2ié 3a Kiacom
He8PIGHOBANCEHOCMI, 8 — DANIAHCYBAHHA KIHYe8UX pe3

3anponoHoBaHi METOAMKH MOYKHA TaKOXK BUKOPHCTOBYBATH IPU BPIBHOBAXXYBaHHI HLUTi(y-
BaJIbHUX KPYTiB MeTaJopi3alibHOro Bepcrara. [Ipu npoMy jutst GasiaHCyBaHHS HUTi(YBaTbHUX
KpyriB HE0OXiTHO BCTaHOBUTU eMHicTh D KM, BHOIp SIKUX 3/11HCHIOETHCS Ha OCHOBI BU3HA-

YeHHs O4iKYBAHMX 3HAYCHD MMCOANAHCIB (HEBPIBHOBAXKEHOCTEIN) MLTi(yBATBHEX KPYTiB D.,
.Tomy npu BuGOpi Dr BUKOHYIOTH CIEIiadbHI JOCTIKEHHS [6], e 3aIeKHO Bl TOMYCTUMHUX
HEBPIBHOBAYXEHUX MAC Moon BCTAHOBIIOETHCS 4 KJIacH HEBPIBHOBAXEHOCTI ILTi(DyBAIBHUX KpPY-
riB y crani nocraBku: 1, 2, 3 ta 4. [lis [6] nommuproeTsest Ha nutipyBaibHI KPYTH Ha KepaMid-
HUX, OAKeNIITOBUX, BYJIKaHITOBUX Ta CIELiaJIbHUX OPraHIYHHUX 3B’s3KaX Macoro m, Big 0,2 1mo
300 xr Ta 30BHimHIM aiameTpoM D = 100 Mm.

CranzapT He MOLIUPIOETHCS HA KPYTH U pyYHUX MalivH. MeToqUKN BPiBHOBA)XKYBaHHS,
PETIaMEHTOBAaHI Moo, T JOMYCTUMI MOXHOKHU BUMIPIB G 3alI€KHO Bif m, Outbme 2 i 7o 100 kr,
Ta KJ1acy HEBPIBHOBAXXEHOCTI, HaBeneHI B [6]. OCKUIBKHU 10 CIIOYKMBada HAIXOMATh ILTi(hyBa-
JBHI KPYTH, SIKI MPOHIUIM ONepalito NepeBipKu HEBPIBHOBAXKEHOCTI, TO B MapKyBaHHI Kpyra
BKa3aHO KJIaC Oro HEBPIBHOBA)XEHOCTI, HAPUKIAJ, 2 K. HallOiab11 MOXKIIMBE 3HAUCHHS JTUC-
OanaHcy Kpyra y CTaHi OCTaBKM BU3HAYAETHCSA 32 Takoro Gpopmyroro (puc. 1, 6):

Dcmkpmax =Moon * RKp , [-mm]. (1)
BigomocTi po macy m,, HeOOXiAHY JUIst BUBHAYEHHS Moon, 3AJISKHO BiJ] TUIIOPO3MIpPY KpyTa Ta
HOro XapaKTepHCTHKH, HaBeJICHO B [6]. Y pa3i moTpedu m, MO)KHA TaKOK BH3HAUYUTH 32 (DOPMYIIOLO:
2 2
P, 7D ~d?)
my =—= , [xr] (2)
4000

Jie Oy — CEPEHS IIBHICT a0pa3suBHOTO Kpyra p = (2-3)-107 r/mm?;
D, d, H — BiANOBiAHO 30BHIIIHIN{, BHYTPIIIHII 1ilaMeTpH Ta BUCOTA KPYyTra, MM.

19



Ne 1(23), 2021 TEXHIYHI HAYKH TA TEXHOJIOI'TI
TECHNICAL SCIENCES AND TECHNOLOGIES

[Tpu 11bOMY €MHICTb ISl CTATUYHOTO OanaHCcyBaHHSA Dr CTAHOBUTH:
D = K gDy max > [TMMI, 3)

ne Kp — koe(ilienT, K1l BpaxoBye 3pOCTaHHs AUcOalaHCy NMPH BCTAHOBIICHHI Ta eKCIUTyaTalii
Kpyra Ha BepcTari [6], skuii ans kinaciB TouHocTi kona A4, A, b nopisaroe 1,1; 1; 14; 1,2 Bin-
MOBI/IHO.

Hanpuknan, ans kpyra Ty IIT 600%75%305 Ha kepamiuHii 3B’ s311 IPU KJIACl TOYHOCTI
Kpyra AA Ui Tepuioro Kijiacy HEBPIBHOBAXEHOCTI M, = 39 Kr; moon =30 T; Rip =300 mmM;
Kz =1,1. Benmuuuna Dg = 9900 r-MM. Ha 0OCHOBI KOHCTPYKTHBHHX JJAHUX, 3aJIEKHO BiJl KJacy
TOYHOCTI OalaHCyBaHHsI, CKJIaJICHO TUIIOB1 PO3MipH HUTI(QyBaIbHUX KPYTiB 3aJI€KHO BiJ AiaMe-
Tpa mnuHAens (auB. Tadi.). Tam camo HaBeeHO 3HaYE€HHS MaKCHMMaJIbHO MOXKIIMBOTO IucOa-
JIAHCY KpyTa Ta €MKOCTI 0alaHCyIOYHX MPUCTPOiB DE.

Tabnuys. Buznauenns oucoanancy winigpysanvrho2o kpyea

MoTyxuicrs Hiamerp Tumnopo3mip D cmrpmax, De,
I H IS Kpyra r MM r MM
kBt MM DxdxH, MM 2 K1 3 KI 4 xi1 2 K1 3 KI 4 ki1
1,1 10 50 70 250%40%76 3135 4375 7500 3448 4812 8250
3 60 10 400x40x127 8000 13000 18000 8800 14300 19800
5,5 70 10 600500305 | 13500 22500 36000 14850 | 24750 33600
10 90 10 600x63x305 | 15000 24000 37500 16500 | 26400 41250
17 100 70 750x75%305 | 26250 41250 65625 28825 45375 72187
monan 17 moran 100 | mo 900x80x305 | 72000 45000 | 117000 | 792000 | 49500 | 128700

banancyBanns kiHIeBUX ¢pe3 BiaOyBaeThCsl pazoM 13 maTpoHoM. [lpwmiax st OamaHcy-
BaHHS KiHIEBHX (pe3 BKiItoyae ity / (puc. 1, ) 3 peryab0BaHUMH ONOPAMHU, BTYJIKY 2 3
JMCKaMU, TAaTpoH 3 3 ppe3oto 4 1 GaraHCyBaIbHUMHU IBUHTAMHU 5. J{71s1 BpIBHOBaXKEHHSI TATPOH
3 (Qpe30ro KpimisATh y BTYIi. BTynKy kiamyTh Ha CTiN 1 371erka miamrToBxyroTs ii. Ilix yac
MEPEeKOYyBaHHs BTYJIKA 3YNUHHUTHCS BAXKKOIO YAaCTHHOIO BHH3. 3aKpyuyylouW OallaHCYyBasbHI
I'BUHTHU 3 OOKY JIETKOT YaCTHHH, JOCATal0Th BPIBHOBaXKEHHsI maTpoHa 3 (hpesoro. Kiniesi ¢ppes3n
0ayaHCyIOTh MPH KOXKHINA yCTAHOBL iX y MAaTpoH abo uepe3 KoxkHi 5-6 meperouyBanb (ppesu.
TounicTe cTaTUYHOrO OanaHCYBaHHS BHU3HAYAETHCS 3AIUIIKOBUM MOMEHTOM (3aJIUIIKOBUM
arcOanaHcoM), IO OPIBHIOE MOMEHTY TEepTs KOUESHHS:

Msaﬂ = K mg = D_?lL’Z’ (4)

ne K — koedillieHT TepTs KOUCHHS;
m, —Maca iHCTPYMEHTY 3 ONPaBKOIO;

D, — 3aIMIIKOBUI JucOaaHC.

3a’

Biomo, 110 OCHOBHHMH CIIOKMBadYaMU OCHAIIEHHS JJIs1 OalaHCyBaHHS € BepcTaToOyMiBHI
3aBOJIM, SIKI BUITYCKAalOTh KpyriouutiyBaibHi, 6e31eHTpOBO-ILTi(YBaIbHI, MI0CKO-ILTI(yBa-
JIbHI, aJIMa3HO-PO3TOUYBANIbHI, MPEIU3iiiHI TOKapHi Ta TOKAPHO-TBUHTOPI3HI BepcTaTH. OHaK
rajgy3b BUKOPHCTAaHHS OalaHCYBaJbHHX CHCTEM MOXXe OyTH pO3IIMpEHa 33 PaxyHOK OCHa-
IICHHS MPUCTPOSMHU LEHTPUQYT, POTOPHUX 3MIllyBadiB, CEMaparopis, IPOOUIBHUX MAIluH,
POTOPHHMX aBTOMATHYHUX JIiHIN Ta 1HIIOTO TEXHOJIOTIYHOTO o0namHaHHs. [0 OCHOBHHX Mapa-
METpIiB 3pIBHOBAXYBaHHSI IITTUH/ICIBHUX BY3JIiB BITHOCATHCS: @) EMHICTb, ITiJ] IKOIO PO3YMIIOThH
MaKCUMaJIbHE (HE 3aJIC)KHUTh BiJl HAPAMKY) 3HaYCHHS BEKTOpa IUCOANaHCiB KOPUTYBAIBHUX
Mac; 0) octaTouHUil AucOanaHc, SKUil 00yMOBIIEHO HE YYTTEBICTIO il KOPUTYBAIBHUX Mac;
B) MaKCUMaJIbHOIO 4acTOTOI0 0bepTanHs KM y 3piBHOBa)K€HOMY CTaHi.

Posrnsinemo MexaHisM cTBOopeHHs b/l 3a momomoro mporpamHOro 3abe3rneyeHHs
Microsoft Access, sixke Oyzae 3abe3nedyBaTy iHpOpMaLiiHy TIATPUMKY MPH 3piIBHOBAXYBAHHI
IIMUHENIB IUTihyBaTbHUX Ta MIBUAKICHUX (ppe3epyBanbHUX BepceTaTiB. [1ocnigoBHICTh CTBO-
peHHs 06a3M NaHUX TakKa:
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Byna BuBYeHa Ta cucTeMaTh30BaHa raMa TOKapHUX Ta HUTiQyBaJbHUX BEpCTaTiB BITUU3HS-
HOT'O Ta 3aKOPAOHHOT0 BUpOOHMIITBA. Ha OCHOBI OTpUMaHuX AaHUX OyB MPUNHHATUH psif diaMe-
TPIB IITTUH/IENIB Ta JIalla30H YaCcTOT OOepTaHHS, SKiii HEOOX1JHUHN IS MOAATBIIOT PO3POOKH.

BiamoBigHO 10 PUIHATOrO psay AiaMeTpiB IIMUH/ETIB Ta MiHIMAILHUAX PO3MIPIB MiAMIN-
ITHUKIB IpUHMaEMO KyJIbKOBI migmunHUKH Jierkoi cepii: 9000000 3a TOCT 9942-80.

Oobupaemo mapameTpu KOPUTYBAIbHUX Mac, BUKOPUCTOBYIOUHM Iporpamy «bamaHcy.

BianoBiiHO 0 TEOPETUYHUX Ta €KCIIEPUMEHTAIBHUX JOCHIIHKEHb PO3PaxoBYEMO PO3MipH
MexaHi3My ¢ikcalii KOpuryBaabHUX Mac [7].

[TpoBOIUTHCS PO3paxXyHOK KOHCTPYKTHUBHHX ITapaMeTpiB By3i1a KOPUTyBaHHA A1 19 Tumo-
PO3MipiB KOPUTYBaJIbHUX Mac (3aJIKHO BiJ] KOHCTPYKTUBHHUX MapaMeTpiB IIMUHJIEINIB Ta Jia-
MeTpiB d panianbHO-yIOPHUX MiIIAITHHUKIB).

Pe3ynbraT BHKOHAaHUX JOCITIUKEHb 3aHOCSATHCA JO BIJINOBIIHUX BIKOH MpOrpamu
Microsoft Access (puc. 2, a, 0).

T JLEEERE
MBMOSTWHIGM ] 1 = @ 8 38 @ @8 @8 &
Tonopanip, 150w 11 Tonopoonip 10 -85 e _1i0) o = o o
Tmopoanin2, 155 12| Tinopoantin 11,d-100wm |1t 4 4 4 9 9 9 49 4949
Tvnopoanip 3. d-60mm | 13] Trmopoanip 2.d-HOMm | _112] E g &8 &8 &8 A 5 8 8 &
Tomopoanin 4, 66w 1] Tinopoain 13, d-200m |1t 3 3
Tvmopoanip 5. 4-70mm | 5] Tvnopoawip 14, d=130mm |_114] s
Tunopoamtip 6, d=75 MM ]j] Tunopoaip 5, 140w | 115]
Tunopoawi 7, d-80mm | 7| Tnopoanip 16, =150 16|
Tonopuonip 8,858 | 16| Tunopoavin 7, d-160vm _117]
Tinopoanip 8, -90mm 15| Tiopoanin 18.d-70 1]
Tunopoawip 19, =180 Mm -~ _118]
— LI » b=l = . Il £l — — ——
a o

Puc. 2. Jlianocose sikno 6azu oanux:
a — ps0 NIOWUNHUKIG NI0 KOPUSYBANbHI Macu, 6 — psi0 MUnoposmipie Kopezyuu mac

[Tpu upoMy MikHapoaHa opraizaiis 3i crangaptusanii (ISO) po3poOuna Haituacrime BH-
KOPUCTOBYBaHI KepiBHI MPUHIMIIN JUTSI BU3HAUYEHHS JOMyCTUMOro aucbanancy. Huni s Ga-
JAHCYBaHHsI BUKOPUCTOBYIOThCS JiBa cTaHmaptu gkocti [SO. V cranpapri sikocti ISO CHIA,
kiac OanancyBanus G2.5 € HaiiOLIbI nomupenuM. OHAK OCTaHHIM YacoM, HIMEIbKa rpymna
MIPOMUCIIOBHX CTAaHAAPTIB MPEACTABUIIa PEKOMEHIallil, B SIKUX PEKOMEHYETbCS BUKOPUCTOBY-
Barucs [SO G6.3 [3]. V Oynp-sikoMy BHIIAJKy BETUYHHY 3aJUIIKOBOro aucOanancy U MOx-
JTUBO BU3HAYHUTH 32 TaKOIO (HOPMYIIOIO:

M ALSR— (5)
n

ne W —Bara iHCTpyMeHTY (IHCTpyMEHTaJIbHOI T'OJIOBKH), KT

G — xnac ToyHocTi GanaHcyBaHHs 3a [SO;

n — poboua yacToTa, X5

HoBgi Bumoru 10 yMoB 6anaHCyBaHHS CUCTEMH «ILIUHJIENb BepCTaTa — 3aTUCKHUN MTPUCT-
piil — IHCTpYMEHT» BUHUKIIM Yepe3 3pOCTaHHS IIBUAKOCTEH pi3aHHs, 10 BUMAararoTh HOBI iH-
ctpymenTH Ta matepianu [3]. Cranaapt [SO 1940/1 npuszHayeHHi peraiaMeHTyBaTH SKICTh 0a-
JAHCYBaHHSI )KOPCTKUX POTOPIB € HE 30BCIM NMPUAATHUM JUIsl IHCTPYMEHTAJIbHUX OMPaBoOK, 00
€JIEMEHTH CHCTEMM MalOTh 30BCIM 1HIII 0a30Bi XapakTepuCTHKH, HIX cTaHmapT DIN 69888.
Tomy npoBenenuit anani3z iHGopMaIiiHUX pPKepen J03BOJISE€ HAJAaTU IMEBHI peKOMEeHAaLii
II0JI0 TOYHOCTI 1 Ki1acy OanancyBanHs [3]:
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G16 — npu 00poOLIi 3 BEIUKOIO KUTBKICTIO CTPY>KKU (HAIPUKJIaJl, BUTOTOBJICHHS 3 aJIFOMi-
HIIO CYLUJTbHUX aBlallifHUX JIeTajel BEeTMKOro po3mipy), 00poOka KOpIyCHUX JAeTaliel i3 jer-
KHX CILUIaBiB, YOpHOBAa 00pOOKa iIHCTPYMEHTIB Ta IITaMIIiB. PexoMeHallis € KOMIPOMICHOIO i
7103BOJIsIE€ 30epiraTi Ha MOCTIHHOMY PiBHI IMHAMIYHI HaBaHTAXXEHHS Ha IIMHUHICIbHI OMOPH 3
OOMEKEHHSIM I'PaHUYHUX 3HaYEeHb MPUITYCTUMHUX KOJUBaHb, a 3 BpPaXyBaHHSAM MacH 1HCTpyMe-
HTY BU3HAYa€ MPUIYCTUMHNA 3aTMITKOBHHA €KCLIECHTPUCHUTET;

G6,3 — G8,0 — ans yactot obepranus mmuHAens 15000-24000 XxB™!, i BUCOKHX BHUMOT JI0
AKOCT1 00p0o0IIeHOT MOBEPXHI;

(2.5 Ta Bumie — Jyis 6araToliIbOBUX BEPCTATIB, SIKI MPALIOIOTh Y TPAAULIHHOMY Jiana3oH1
mBuaKocTel (3a ctanmaprom [SO 194-1: 2003);

G1 — G0.4 — 1151 BUCOKOIIBUAKICHUX BEpPCTATIB.

[Ipu 11bOMy SIK MPaBUIIO ONPABKU Pi3alIbHOrO IHCTPYMEHTY 30ajaHCOBaHI Ha 3aBOJI M-
XOM BHUAJIeHHs Matepiany. [licis Toro sik pizajabHUN IHCTPYMEHT Oyzie BCTAHOBJICHUH B OIpa-
BKY, 3MIHUThCS BEIMUMHA JUCOANAHCY, 1 3aJIe)KHO BiJl IIBUAKOCTI Ta TOYHOCTI OamaHCYBaHHS,
BECh BY30J1 y 300pi HaNpaBJIs€ThCS Ha TOBTOPHE OaJlaHCYBaHHS.

BuchHoBku. I[IpoBeneHi nociiUKeHHs MOKa3aiH, 10 PI3HUMU HOPMAaTHUBHUMHU JOKYMEH-
TaMH 3/1IICHEHO HOPMYBaHHS BEJTMUYMHH 3AJIMIIKOBOTO AucOanancy. Lle mae MoxiuBiCTh Teo-
PETUYHO OLIIHUTH 3HAUYEHHS HEBPIBHOBAKEHOCTI IUTI(YBaIbHUX KPYTiB 1 (pe3 y cTaHi mocra-
BKHM Ta Horo 3MiHy B Ipolieci ekcruryaraiiii. OfHaKk npu LbOMY B PO3paxyHKax MPH MPOBEICHHI
OanaHcyBaHHA LUTI(QYBaJIbHUX Ta BUCOKOIIBUIKICHUX ()pe3epyBaJbHUX BEpCTaTiB, K Ipa-
BUJIO, POOJIATH MEBHI MPUIYILIEHHS, 110 YCKJIaJHIOE BU3HAUEHHSI OCTATOYHOrO JUCOANIaHCy 1
KJIacy TOYHOCTI OajlaHCyBaHHS. ExcriepuMeHTabHI TOCTIIKEHHS 3MIHU 3aJIUILIKOBOTO JircOa-
JIAHCY MaJIOYHCENbHI Ta HOCATh crieunpiuamil Xxapakrep. Takox y poOoTi npeacrasieHa iHdo-
pMarliiiHa TiATpUMKA MPOLECY MPOEKTYBAHHS IINMUHAEIBHOTO By3/a 3 KOPETyBaJbHUMU Ma-
camu. Ha miacraBi psiny AiaMeTpiB HIMUHACTIB 1 AiaMeTPiB palialbHO-YIIOPHUX IiIIUITHUKIB
CTBOpeHa 0a3a JaHuX JJIS Psly THIIOPO3MIpPIB KOPETYIOUUX Mac 3a JOIOMOTOI0 MPOrpaMHOro
3abe3neueHHst Microsoft Access.
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UDC 621.92
Vitalii Kalchenko, Sergii Tsybulia, Evgeny Sakhno, Andrii Yeroshenko

INVESTIGATION OF BALANCING PROCESSES OF GRINDING
AND HIGH-SPEED MILLING MACHINES CONSIDERING UNBALANCE
OF CUTTING TOOL

1t is known that one of the reasons that causes the need for the process of balancing the spindles of grinding and high-
speed milling machines is vibration, which is caused by the unbalance of the technological system. One of the most common
reactions to vibrations is a decrease in the speed of rotation of the spindle, which reduces the efficiency of high-speed machin-
ing. This fact is crucial for many machine tool manufacturers, who recommend balancing the tool, both before installation on
the machine spindle, and during machining. On the workpiece the main effect is expressed in decrease of surface quality and
precision of required dimensions, which reduces the service life of the spindle unit, tool, and, in the end all cutting machine.

Modern manufacturing operations require the use of high-speed machining at spindle speeds of more than 10,000 revolutions
per minute. Therefore, to reduce the level of vibrations and increase the service life of the metal-cutting machine, it is necessary to
provide for balancing the cutting tool and its mandrels. To achieve optimal results, balancing should be performed at each tool
change, which requires the availability of scientifically-based balancing techniques and appropriate technological equipment.

The work considered the latest publications on this topic, which are presented in the public domain, including the Internet.
High processing speed is used in many machining industries. One of the obvious benefits of this trend is to achieve greater
efficiency and productivity of the cutting process due to higher spindle speeds. However, increasing the speed of rotation of the
spindles leads to side effects in the machine and the workpiece due to increased vibration, as the centrifugal forces increase,
and the process system is destroyed. At the same time, the main factor that generates machine vibrations is the imbalance of
the technological system, since the spindles of high-speed grinding and milling machines are balanced in accordance with ISO
standards, the main source of imbalance is the tool and its mandrels.

The purpose of this scientific work is to conduct research on the balancing processes of high-speed grinding and milling
machines, taking into account the unbalance of the cutting tool, as well as the formation of information support for the design
process of a spindle assembly with corrective masses using Microsoft Access software.

Today, more and more manufacturers are using high-speed processing during technological operations, which makes balanc-
ing the tool and its mandrels a priority. The main effect of high-speed processing on grinding and high-speed milling machines is
to reduce machine time due to the intensification of cutting modes, as well as to increase the accuracy and quality of the cutting
process. The basis of high-performance high-speed processing can be the correct choice of parameters of cutting modes (machine,
NPC system, cutting tool, auxiliary tool with its fixing system, programming system, qualification of the machine operator and
other factors), and neglect of at least one of these factors can lead to a technological defect of the product.

The conducted studies have shown that various regulatory documents normalize the value of the residual imbalance, which
makes it possible to theoretically assess the value of unbalance of grinding wheels and milling cutters in the state of delivery,
and its change during operation. However, in the calculations for balancing grinding and high-speed milling machines, as a
rule, a number of assumptions are made, which makes it difficult to determine the residual imbalance and the accuracy class
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of balancing. Experimental studies of changes in the residual imbalance are few and specific. The paper also provides infor-
mation support for the design process of a spindle assembly with corrective masses. On the basis of a number of diameters of
spindles and diameters of angular contact bearings, a database has been created for a number of standard sizes of correcting

masses using Microsoft Access software.
Keywords:grinding; milling; unbalance; tool; database.
Fig.: 2. Table: 1. References: 7.
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