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MOJIEJIIOBAHHS IIPYKHUX JTE®OPMAIIIN TEXHOJIOTTYHOI CACTEMHA
BEPCTATA 3 UIIK

Poszenauymuii eapiaum 6yooeu mamemamuyuroi mooeni nio0amiugocmi MemaniopizaibHO20
eéepcmamy moxKapHoi epynu. JOCHiONCeH s JCOPCMKOCII eneMenmie mexHoI02iuHoi cucmemuy eepc-
mama BUKOHYEMbCSA NPU BUKOPUCIANHI NPUCMPOis 0ns imMimayii pobouux HAGAHMANCEHb )y NeGHUX
KOOpOunamax pobo4oi 30Hu. 3a pe3yibmamamu GUMIPIO8aHb NPYICHUX Oehopmayiil y PisHUX HaANps-
MKax 6Y0yembCsi CiMeticmeo CNatitis.

Knwuosi cnosa: imimayiiini Ha8aHmMasicenHsl, HCOPCMKICMb MeEXHOI02IYHOI cucmemu 8epc-
mama, MamemMamuira Mooeis.

A variant of the structure of the mathematical model of the compliance of a metal-cutting ma-
chine of a turning group is considered. The study of the rigidity of the elements of the technological
system of the machine is carried out using devices to simulate workloads in certain coordinates of the
working area. According to the results of measurements of elastic deformations in different directions,
a family of splines is built.

Keywords: simulation loads; rigidity of the technological system of the machine; mathemati-
cal model.

IHocTanoBka mpo0JjemMn

[Ipouec metanooOpodku Ha BepcraTax 3 UIIK BHKOHYyeThCS 3a 3a31aierigp MiATOTOBICHOIO
kepyrouoro nporpamoro (KI1), y sikiii 3amucani HeoOXiHI BETUYMHA POOOUUX 1 JIOTIOMIXKHUX TepeMi-
LICHb PLKYYOro iHCTPYMEHTY Yy KOOpIMHATHIM cHCTeMi BepcTaTra. YMOBOIO BHCOKOTOYHOI 0OpOOKH
BHUPOOIB € BiAMOBIAHICTH (PAaKTHUHUX MEPEMIillleHb Ha 3aJaHuX peKuMax (OpMOYTBOPIOIOYOTO iH-
CTpYMEHTY TeoMeTpuuHil iHpopmanii, 3anucaniii y KII. Sk nmokasye nocBix ekcriyaraiii BepcTaris 3
UIIK, Ha BUpOOHUUTBI MOXXYTh BUHUKATH OOCTaBHHH, IO BIUIMBAIOTh HA TEXHOJIOTIYHY HAIiHICTH
o0naiHaHHS, Tepe0aYnTH SIKi Ty’Ke CKIIaTHO.

AHaJIi3 0CTaHHIX JOCTITKeHb Ta MyOJaikanii

Ha BuHUKHEHHS BigXuieHb po3MipiB mpu oOpoOui pisanHsMm Ha Bepcrartax 3 UIIK cyrreBo
BILIMBA€ TEXHIUYHUHU CTaH 1 AKICTh Hanagku TexHonoriynoi cucremu BIII/] (Bepcrat, mpuctocyBaHH,
IHCTPYMEHT, AeTanb). KpiM mboro BHHHMKaIOTH MpPYXHI AedopMalii eneMeHTIB BepcTaTy, MpPUCTOCY-
BaHb 1 3aTOTOBKH BiA il cuil pi3aHHS, AIIOTH TEIUIOBI Aedopmalii, IpOABISIOTHCS MOXUOKH BIUIMBY
30BHIMHIX (akTopiB. [Ipudomy, mii OimbimocTi Takux (HakTOPiB MPOSBIAIOTHCS MPAKTHUYHO HA BCIX
BEpCTaTax, a BEJMUYMHH 1 HAIPSIMKHA MOXUOOK 0OpOOKHM Bif iX Il MOXKYTh CYTTEBO BiAPI3HATHCH, Ha-
BiTh Ha BepcTaTax ofgHoro Tumy [1, 2, 3].

3HayHa YacTUHA BiIXMIIEHb PO3MIPiB MpH 0OpOOLi BUHMKAE Bifl il IpysxkHuX gedopmatiii. Ix
BEJIMYMHA Ta HAMIPAMOK JIii 3aJIeHUTh BiJ 3yCHIIb, 0 BUHUKAIOTH Y Tpolieci 0OpoOKH, a caMi 3yCHIIIs
— BiI pexuMiB 00pOOKH (BENHYMHHU MIPUITYCKY, poO0YO0i oAadi, 4acToTu oOepTaHHsI IITHHICIS) IS
KOXKHOi 00poOIIIoBaHoi Jeraii 3 ypaxyBaHHsM i1 ¢opmu, po3MipiB Ta marepiany . 3HAUHy YaCTHHY
TaKUX JaHUX MOJKHA OTPUMATH PO3PaXyHKOBUM IIJISIXOM, IPOTE MepeI0aYUTH PeakLilo KOKHOTO Bep-
crara 3 YIIK B ymMoBax BHUpOOHHMIITBA 1 BENTMYMHY OYIKYBaHOI MOXHUOKH OOpOOKH MPaKTHYHO IyXkKe
ckianHo [4, 5].
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DopMyTHOBAHHS METH J0CTITKEHHS

V 3B'A3Ky 3 BHIII€3a3HAUEHUM 3aJa4ya POrHO3yBaHHs BILUIMBY NPYXHUX AeQOopMaliii Ha BUHH-
KHEHHSI TOXUOKH 00poOkH Ha KOHKpeTHoMY BepcraTi 3 UIIK € akTyanbHOIO, a TOYHICTH il BUpILIEHHS
nependavyae MOKIMBICTh eeKTHBHOI KOMITEH ALl 04iKyBaHUX MOXMOOK Mmix yac miarorosku KII.

3a HasBHOCTI HEOOXiMHOI Ta JocTOBipHOI iH(opMarii Ha erami migroroku KII, Hanpuknaz 3
BHUKOPHUCTaHHSM 3aco0iB aBTOMAaTH3aLlii, IIUISIXOM MOZACIIOBAHHS MIPOIecy 0OpOOKH, MOKIMBE BHECEH-
HS B TPAEKTOPIIO PyXy IHCTPYMEHTY BIAMOBIIHUX MOMPABOK sl KOMIIEHCALil O4iKyBaHUX BiIXHIJICHD
po3MipiB. binbmie Toro, Takuil miAxix A0 MporHo3yBaHHS (opMyBaHHS PO3MIpiB Ha AETalli A€ MOXK-
JUBICTH TeXHOJNOTY Ha erami minroroBku KII BupimryBaTé MUTaHHS MOLIYKY HAHKpallux BapiaHTIiB
PO3MOUTY IPUITYCKIB 11O TEXHOJIOTTYHUX MPOXO/aX.

OpHuM i3 BapiaHTiB BUPILICHHS TaKHUX 33/1a4 € CTBOPEHHSI MaTeMaTHYHOI Mozeli opMyBaHHS
noxu0ok (GOpMOYTBOPEHHS Bij Jii 3yCHIIb Pi3aHHS BepcTaTa 3 ypaxyBaHHIM JAHMX HOrO TEXHIYHOTO
crany. OTpUMaHHS TaKUX JAaHUX Iependaydae MpOBEACHHS BIAMOBITHUX AOCIIIKEHb CAMOTI0 TEXHOJIO-
riuHoro obnagHanHs. B ymoBax nmocnigHoi 1abopartopii Taki 3a1avi BUPIMIYIOTh OCHAIIEHHAM 00’ €KTYy
JOCTIPKEHHSI HEeOOX1THUMH TpHiIaJaMHu 1 BUMIpIOBAIbHUMH cucTemamu [6, 7, 8]. YV BupoOHHUMX
YMOBax II¢ MOKHA BUKOHATH 13 3aCTOCYBaHHSIM MPUCTPOIB AIarHOCTUKU BEPCTATIB, IO IMITYIOTh IPO-
1ec Meranoo0poOku Ta ikcyroTs HeoOXinHi napamerp [9, 10].

BpaxoByroun pisHOMaHITTS MeTanooopoOHoro obmamnanns 3 UIIK, sike ekcruryatyeTbcst Ha
BUPOOHUITBI, TOLUITBHO BUKOPUCTAHHS TAKUX MPHUCTPOIB, SIKI HE BUMAararoTh OyIb-SKUX 3MiH KOHC-
TPYKLii cepiifHUX BepcTaTiB a0 CyTTEBUX JONOBHEHb Y KOHCTPYKILII i 3a0e3neueHHs e eKTHBHOTO
npoBeneHHs BUIpoOyBaHb. [Ipu 1iboMy HE0OXigHO 3a0€3MeUnTH OTPUMAaHHS 3 MiHIMaJIbHUMH BHTpPa-
TaMH JaHUX MPO BepcTaT I BUKOPUCTaHHS y MaTEMaTHYHOI MOJIEI.

Binowmi, HanpukIiiag, mpucTpoi sl BUNPOOYBaHHS BEPCTATIB LUIAXOM iMiTalii podounx HaBa-
HTa)XEHb Ta BUMIpy Aedopmamiii BiJ Ai0YMX 3ycuib [6], IpoTe peadbHe BUKOPUCTaHHS OTPUMaHHUX
JaHUX yCKJIaTHEHE Yepe3 BIAMIHHICTD 3HaUeHb Y Pi3HUX KOOpAMHATaX poOOYOi 30HM BEpCTATIB, 5IKi Y
CBOIO Yepry MOXyTh OyTH He OfHAKOBi. 3 Orjsmy Ha Ie MOTPiOHE 3aCTOCYBaHHS TAKOTO IMPUCTPOIO,
AKUN Jja€ MOXKIIMBICTh OTPUMATH HEOOXiAH1 JaHi o BCiit pobouiil 30H1 Bepcrara.

Bukiax ocHoBHOrO MaTepianay

Jns BepcTaTiB TOKAapHOI Ipynu TPaAWLiiiHOI KOMIOHOBKHM poOOdYa 30HA PO3TALLOBYETHCS 3
onHiei cropoHu Bif 0cboBOi JiHiT (puc. 1). DopMOyTBOpEHHS AeTali, IO 00epTaE€ThCs, 3AINCHIOETHCS
pi3aJIbHUM 1HCTPYMEHTOM, KU 3HaXOIAWTHCS B BiAMideHi poOodill 30HI 1 HABAHTAXKYETHCS CHUIIAMHU
pi3aHHs, BiA Oii SKUX BUHUKAIOTH MPYKHI AedopmMariii.
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Puc. 1. Cxema TokapHoro Bepcrata 3 UIIK

Takum YMHOM, TIPU AOCTIPKEHH] TAKOTO0 BepCcTaTta iMiTaliiiHi 3ycHyuis HOTpiOHO CTBOPIOBATH
TaKOX y BiMiueHild poOouiit 30Hi. J1st 3pydHOCTI BCIO TUIOLTY 30HH JOLIITBHO pO30OUTH Ha MEBHY Ki-
JIBKICTh OKPEMHUX IJIOMIAZ0K, B CEPEANHI SIKUX OyAyTh CTBOPIOBATUCH IMITALlIHI 3yCHILIA.

Hnst imitanii podounx HaBaHTaXEHb MOXKYTh OyTH 3aisHi crieliaJbHO po3polieHi mpucTpoi
[9, 10, 11], 3a momMOMOroI0 SIKMX B IMIMPOKOMY Aiana3oHi i y pi3HUX HampsAMKax CTBOPIOIOTHCA iMiTa-
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uiitHi 3ycmist. Cxema CTBOPEHHsI 3yCHIIb B MEKaX €IeMEHTapHUX IUIOLIAI0K, [0 IMITYyIOTh HaBaHTa-
JKEHHSI, IPE/ICTaBJIeHa Ha puc. 2. B KoopauHAaTHII cucTeMi TOKapHOTO Bepcrata XZ YMOBHO IIpecTa-
BJICHA MPSAMOKYTHA IJIOMAAKa 3 HeHTpoM Oxz, 3 AKOro Ha HaBaHTa)KyBaJIbHUH BaJsl (Ha PHCYHKY HE
MOKa3aHMWH) CTBOPIOIOTHCS IMiTalilHI 3ycHJuld Ri B MEBHUX HampsiMKax (y JAaHOMY BUIAQJAKY 4epe3
45°). Ilicns yoro BU3HAUYAIOTHCS KOOPAWHATH TOUOK Mi , IO XapaKTepU3yIOTh BEIMUYUHY MPYKHOT
nedopmartii.
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pofouol F0HN sepCmamea PisanbHU IHCHIPYMEHRT

Puc. 2. BynoBa craiiHa migaTIMBOCTI [0 pe3ynbTaTaM iMiTaliiiHIX HaBaHTaXXKEHb

Uepes nHabop oTpuMaHux TO4OK Mi OynyeTbcs IHTEPHONALIMHUA CIJAfH — BHIY
(S(X,t),S(Z,t)), axuii € HOCIEM JaHUX MPO MiAJATINUBICTH TEXHOJIOTTYHOI CUCTEMHU TIPH HE3MIHHOMY

IMiTaliifHOMY 3yCHIUTIO 1 3MiHHUX HampsMKax Jii.

[IpakTnune 3HaUeHHA Ma€ iH(OopMalis Mpo MiATATIUBICTD TEXHOIOTTYHOT CUCTEMHU B TIEBHOMY
JiaraszoHi 3ycuib, sIKi BiJOOpakaloTh BEIMYMHM MOXJIMBHX 3YCHJb Pi3aHHS, 1 HampsMKax ix Aii, B
3aJIKHOCTI Bi Moxeni BepcraTy. CiMeiicTBO MOOYIOBaHUX 3a NAHUMH JIOCTIKECHb CIUIAHHIB SBIISIE
co0010 MOZENb MiAAATAMBOCTI TEXHOIOTTYHOT CHCTEMH KOHKPETHOI'O BEpPCTaTy.

Pesynbprati mociimkeHb BepcTaTy 3pyYyHO NPEACTaBUTH y BUTIIAAL BeKTOpiB R y momnsipHiii cu-
cremi Bimmiky [12], Monynbs SKHX BiANOBiZae BeIMUYUHI Aedopmarii, a KyT — HampsMKy Iii mpyKHOT
nedopmarii. s 3MEHIIEHHS! KUTBKOCTI BEKTOPiB MOXHa OOMEKUTHCH HalaKTyaJbHIIIMMH HaIlpsIM-
KaMHu, CIIIBIIaIal0YMMH 3 HampsiMKaMu GakTHaHuX Aepopmaniid. OTpuMaHa TaKUM YMHOM iHpOpMAITis
MOKa3ye OUiKyBaHy KapTHHY NMPYXHHUX AedopMamiil B IIUPOKOMY Aiala3zoHi 3ycuib 1 iX Hii y pi3HHX
HampsiMKax (puc.3).
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Puc. 3. Mogenp mignaTIMBOCTI BepcTaTa NpH iMiTallii HaBaHTaKEHb OBOMA 3yCHIUISIMH
(cmatinu 4,1 Ay)

3anponoHoBaHa MOJENb MiANATIMBOCTI BepcTaTa MoXe OyTH eeKTHBHO BHKOpHCTaHA IMpPH
aBTOMaTH30BaHoMy mpoueci miaroroBku KII, manpuknan npu BukopucranHi CAD/CAM cucrem. Y
TAaKUX BUMAJIKaX CIPOLIYETHCS MOIIYK ONTUMANbHUX BapiaHTIB TEXHOJIOTrii 00pOOKM CKIQAHUX JeTa-
nei Ha BepcraTtax 3 UIIK.

BucHoBkn

MogenroBaHHS NPYXHUX TedopMariil Bix Aii cui pizaHHs 1a€e 3MOTy Ha cTajii po3poOKU Tex-
HoJoriyHoro npouecy ta miaroroBku KII mist BepcratiB 3 UIIK mepenbGaunTti BHECEHHS MOXIJIMBHUX
KOpEKIi B TPAeKTOpilo pyXy (OpMOYTBOPIOIOUOTO iHCTPYMEHTY Ul KOMIIEHcalil O4iKyBaHHX Teo-
METpUYHUX NOXHOOK. KpiM mporo, riaHyBaHHsS TEXHONOTIYHHMX IEPEXOMiB 3 METOI0 IMOCIiZOBHOTO
HAOMIKEHHS MPUITYCKIB 10 O0a)XaHWX 3HAYCHb 1 3a0€3MEeYCHHSI OCTATOUYHOIrO Mepexoy PiBHOMIpHUM
MPUITYCKOM 3a/laHOi BETMYMHHU, CTBOPIOE YMOBH JJISl OCATHEHHS! BUCOKOI TOUHOCTI OOpoOKH. 3HaU-
HUH edeKT mpu peanizalii JaHOTO MigXOXy MOXKIMBUN y BHMaAKax oOpoOKHM MOBEPXOHB CKIAAHOI
KoH(]irypamii 3 BUCOKOIO TOYHICTIO, HAIIPHUKIIA ACTaNCH 3 aepOAMHAMIYHUMH MTOBEPXHIMH.
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THE MODELING OF ELASTIC DEFORMATIONS BY THE CNC MACHINE
TECHNOLOGICAL SYSTEM

Abstract

The condition for high precision machining of parts on CNC machines is that the actual
movements of the cutting tool correspond to the information recorded in the control program. In real
production conditions, processing errors often occur, the magnitude of which depends on many factors
that are difficult to predict. The occurrence of errors is significantly affected by the technical condition
and quality of adjustment of the technological system of the machine, temperature deformations, elas-
tic deformations of the elements of the machine, devices and workpieces from the action of cutting
forces. The task of forecasting the amount of elastic deformations and taking into account the data at
the stage of preparing the control program is relevant and provides an opportunity to increase the accu-
racy of processing.

To create a mathematical model of the formation of the processing error due to the action of
elastic deformations of a specific machine, it is necessary to have data on the magnitude and direction
of displacement in the space of the elements of the technological system due to the action of cutting
forces. The range of efforts and the direction of action must correspond to the conditions of possible
processing on a machine of a certain model. The necessary data can be obtained with the help of a
device for simulating cutting forces in different places of the working area. According to the results of
the research, the values of elastic deformations of the machine elements in different coordinates of the
working area are measured. A database is formed for each machine, which reflects the technical condi-
tion and rigidity of the elements of the technological system. For ease of recording and further use, a
model is built using spline functions based on research data.

The using of the results by elastic deformations simulation on CNC machines is advisable at
the stage of preparation of the processing control program. When calculating the trajectory of the
movement of the forming tool, it is possible to make corrections to compensate for the expected errors
due to the action of elastic deformations. A significant effect from the implementation of this approach
is possible in cases of processing surfaces of complex shape with high accuracy.
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