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1. 3abe3neyeHHs palioHaIBPHIX YMOB a6pa3nBHOIO Pi3aHHS KOMITO3ULMHINX KApOOHOBUX BUPOOIB Ha BepcTaTax

[apajiesibHOI CTPYKTypU

2. Providing rational conditions for abrasive cutting of composite carbon pieces on parallel kinematic machines

Pedepar:

1. O6’ekT mocmimkeHHs - IpoLec 06poOKU KapOOH-KapOOHOBUX 3aTOTOBOK a0pa3sMBHUM iHCTPYMEHTOM Ha BEPCTaTi
napasnesbHOI CTPYKTypH. [lucepranis NpuCBsSYeHa BUPILIEHHIO HAYKOBO-TIPUKJIAAHOI 33724 MiJBULEHHS SIKOCTI
po3pizaHHs KapOOH-KapOOHOBUX KOMITO3ULIIMHUX BUPOOiB HA OCHOBI BCTAHOBJIEHHSI 3aKOHOMIpDHOCTE! (OpMYyBaHHS

ITOBEPXHEBOI'O MIapy IIpn BILJIMBI a6paBI/IBHI/IM iHCTPy'MeHTOM 3d PaxyHOK 3abe3rnevyeHHs pauiOHaJ’[bHI/IX YMOB



pi3aHHS MaHINyIALIHOI CUCTEMOIO BEPCTATA MTapajiesbHOI CTPYKTYpU. Po3pobieHo ¢iznyHy Mozaesnb B3aeMozii Ta
3aIpONOHOBAHO MAaTEMATUYHNUI ONUC TEMJIOBUX SIBUI, SKi BUKJIMKAIOTh Aedopmallito iHcTpyMmeHTa. [TokasaHo, mo
HAJJIMIIOK TeIla BUKJIMKAaTUMeE Pi3Ke 3pOCTaHHS TeMIlepaTypy Ha nepudepii iHcTpyMeHTy Ta BiOBiZHO BeCTUME
1o #ioro gedopMaliil, BHACIIIOK YOro sIKiCTb OOPOOKY IIOBEPXOHB MOTiPIIY€EThCS, @ IMPUHA Pi3y 3POCTeE.
BcTraHOBII€HO, 10 3i 30iIbLUIEHHSIM Yacy POOOTU KPYrOM ILIiJIbHICTb 3a/IMIIaHHS IPOAYKTIB Pi3aHHS HA TIOBEPXHI
KPYT'y 3pOCTae, a 06CAr BULANEHHS! pEYOBUHN IIPU Pi3aHHi 3MEeHIIyeThCS. JlaHe 3MEHIIEHHS] 00YMOBJIEHE ITPY>KHUMU
IedopmalisiMi y BEPCTaTHIl cUCTeMi, SKi 3pOCTaloTh IIPU 3POCTaHHi cuJl pisaHHs. 3MiHa Npo@isio pizasbHOro
Kpyra BeZle 10 3MEHIIEHHs IPOAYKTUBHOCTI IPOLECY, 3pOCTaHHS NIPYKHUX Ae(OopMalliil, NOripHeHHs SIKOCTi
00pO06JIEHNX 3ar0TOBOK. JJoBEI€HO, 110 AJIS [igBUIeHHS SIKOCTi 0OpOOKYM HEOOXigHO MiABUILYyBaTH XOPCTKICTb,
3abe3nevylouy ii paljioHasbHe 3HaU€HHs TP 3MiHi CTaHy iHCTPYMEHTY. 3allpOIIOHOBAHO HOBE TEXHIUHE pillleHHs
BEpCTaTa Ha OCHOBI M€xaHi3My NapasesibHOI CTPYKTYypHU 3 KiHEMAaTUYHOIO HAIJIMIIKOBICTIO, C(POPMYJILOBAHO H1OTO
KiHEMATW4HI 3aJIEKHOCTI Ta BUBHAYEHO MATPULIIO IPOCTOPOBOI JKOPCTKOCTI. BCTaHOBJIEHO, 1110 3aIIPOIIOHOBAHOMY
MEXaHi3My NapaJIeIbHOI CTPYKTYPU 3 KiIHEMATUYHOIO HAJJIMIIKOBICTIO BJIACTHBA MiJIBUILIEHA )KOPCTKICTD Y
IIOPiBHSIHHI 3 IOBHOIIApajieIbLHUMU MEXaHi3MaMHu, Ta [I0Ka3aHa JOLiIbHICTb 10T0 3aCTOCYBaHHS y BEpPCTaTi [J1s
abpas3uBHOI 06POOKHY, 11O JO3BOJISIE HE JIMLIE MiABULIUTY TOYHICTb Pi3aHHS, a i SMEHIINUTH IJIIMY KOHTAKTY i
TeTIOBUiNIEHHS B 30Hi pidaHHs. EKCriepMeHTaIbHUMU BUMiPIOBAaHHSIM Ha PO3pO6JIeHil Ta BUTOTOBJIEHiT MOIei
BepCTaTa MiATBEPIKEHO, O JKOPCTKICTh MEXaHI3My IapasebHOi CTPYKTYPH 3 KIHEMAaTUYHOIO HAMIJIMIIKOBICTIO HA
16-28% Oinbiua y NopiBHAHHI 3 BifoMuMU. [IoKazaHo, 0 BUKOPUCTAaHHS 3alIPOIIOHOBAHMX PO3POOOK Ta METOJIUK

BM3HAYEHHS PEXXUMIB a6pa3rBHOIO Pi3aHHS J03BOJIsIE CKOPOTUTH BUTPATU Ha 0OpOOKY Ha 25-30%.

2. The object of the study is the process of machining of carbon-carbon pieces with abrasive tool on a parallel
kinematic machine. The dissertation is dedicated to the solution of the scientific and applied task of improving the
quality of cutting of carbon-carbon composite pieces on the basis of the establishment of regularities of the
formation of the surface layer under the influence of an abrasive tool due to ensuring rational conditions of
abrasive cutting by a manipulative system of a parallel kinematic machine. A physical model of the interaction was
developed and a mathematical description of the thermal phenomena that caused deformation of the instrument
was proposed. It is established that excess heat will cause a drastic temperature increase on the periphery of the
instrument and, accordingly, will lead to its deformation, resulting in a deterioration in the quality of machined
surface, and the width of the cutting will increase. It has been established that with increasing time of machining,
the density of sticking of cutting products on the surface of the wheel is increasing, and the removal volume of
material decreases. This reduction is due to elastic deformations in the technological system, which increases with
the growth of cutting forces. Thus, changing the profile of the abrasive wheel leads to a decrease in the
productivity of machining, growth of elastic deformations, changes in the quality of the machined surface. It has
been proved that in order to overcome these negative phenomena it is necessary to increase the stiffness,
ensuring its rational value when the state of the abrasive wheel is being changed. A new technical solution of
parallel manipulator with kinematic redundancy was proposed, an analysis of its kinematics was carried out and
the spatial stiffness matrix was established. It has been established that the proposed parallel manipulator
possesses with increased stiffness as compared to fully parallel manipulators, and the utility of its application for
abrasive machining was shown. The proposed machine essentially changes the stiffness characteristics of the
technological system, which allows not only to improve the accuracy of cutting, but also reduce the contact spot
and heat dissipation in the cutting zone. Measurements on the manufactured model of the machine experimentally
confirmed that the stiffness of the proposed parallel manipulator is 16-28% higher as compared to pentapod
manipulator. The economic validation has confirmed, that the use of the proposed technical decisions allows to
reduce machining costs by 25-30%.
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