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1. 3abe3neyeHHs palioHaJIbHUX YMOB a0pPa3UBHOIO Pi3aHHS KOMIIO3ULIMHUX KAPOOHOBUX BUPOOIB Ha BEpCTaTax

napasiejibHOI CTPYKTYpHU

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

Pedepar:

1. O6’eKT mOCTiIKEHHS - TPOLLEC OOPOOKU KapOOH-KapOOHOBUX 3arOTOBOK abpa3uBHUM iHCTPYMEHTOM Ha BEPCTATi
rapasnesbHOI CTPYKTYpU. Jluceprallis IpUCBsiY€Ha BUPILIEHHIO HAYKOBO-TIPUKJIAAHOI 3a1a4i MiIBUILIEHHS SIKOCTI
po3pizaHHs KapOOH-KapOOHOBUX KOMITO3ULIIHUX BUPOOiB HA OCHOBI BCTAHOBJIEHHS 3aKOHOMIpHOCTE! (OpMyBaHHS
IIOBEPXHEBOTO IIapy IIPY BIUIUBi aOpa3uBHUM iHCTPYMEHTOM 3a PaxyHOK 3a6e3I1eYeHHs pallioHaJIbHUX YMOB
pizaHHs MaHINyJALiHOI CUCTEMOIO BEPCTATa NapaeslbHOI CTPYKTYpU. Po3pobieHo ¢iznyHy Mozesb B3aeMogii Ta
3aIIPOIIOHOBAHO MaTEMaTUYHUN ONNC TETJIOBUX SIBUIL, SKi BUKJINKAIOTh fedopmaliiio incTtpymeHTa. [TokazaHo, 1m0

HAJJIMIIOK TeIla BUKJIMKAaTUMeE pi3Ke 3pOCTaHHS TeMIlepaTypy Ha nepudepii incTpymeHTy Ta BifOBiZHO BeCTUME



Ilo Mioro pedopmaliiil, BHACiJOK 4Oro SKiCTb 06POOKU NOBEPXOHD MOTIpUIYETHCS, a MINPUHA Pi3y 3pOCTE.
BcraHoBJIEHO, 1110 3i 30i7IbIIEHHSIM Yacy poOOTH KPYTroOM LIiIbHICTD 3aJIUIIaHHS IIPOLYKTIB Pi3aHHS Ha IIOBEPXHi
KPYT'y 3pOCTae, a 06CAr BULATIEHHS] PEYOBUHH IIPU Pi3aHHi 3MEHIIyeThCs. JlaHe 3MEHIIEHHS] OOYMOBJIEHE MTPY>KHUMU
IedopmalisiMi y BEPCTaTHIN CUCTEMI, SKi 3DOCTalOTh IIPU 3POCTaHHi cuJl pi3aHHS. 3MiHa NPO@Piio pi3aabHOro
Kpyra Befie 10 3MEHIIEHHS IPOJYKTUBHOCTI IPOLECY, 3pOCTaHHS NPYXHUX Je(opMallill, OripIeHHs SKOCTi
00pO06JIEHNX 3ar0TOBOK. JJoBEI€HO, 1110 AJIs i BUIIeHHS SIKOCTi 0OpOOKM HEOOXigHO MifBUILYBaTH XOPCTKICTb,
3abe3neyvyroun ii palioHasbHe 3HAaYEHHS TP 3MiHi CTaHy iHCTPYMEHTY. 3allpONIOHOBAHO HOBE TEXHIYHE PillleHHS
BEpCTaTa Ha OCHOBI M€XaHi3My NapasesibHOI CTPYKTYpHU 3 KiHEMAaTUYHOIO HAAJIMIIKOBICTIO, C(POPMYJILOBAHO H1OTO
KiHEMATU4HI 3aJI€KHOCTI Ta BUBHAYEHO MATPULIIO IPOCTOPOBOI >KOPCTKOCTi. BCTaHOB/IEHO, 110 3alIPONIOHOBAHOMY
MEXaHi3My I1apajieJIbHOi CTPYKTYPH 3 KIHEMAaTUYHOI HAJJIMIIKOBICTIO BJIACTUBA IIiIBUIIEHA JKOPCTKICTh Y
NOPIBHSIHHI 3 IOBHOINApaJIeIbLHUMU MEXaHi3MaMHu, Ta IOKa3aHa JOLIIbHICTb OT0 3aCTOCYBaHHS y BEPCTATi 1151
abpas3rBHOI 0OPOOKH, IO [103BOJISE HE JIMIIE MigBUIINTYA TOYHICTh Pi3aHHS, a i SMEHIIUTH [JIIMY KOHTAKTY i
TeTJIOBUiNIEHHS B 30Hi pidaHHs. EKCliepyMeHTaIbHUMU BUMIPIOBAaHHSIM Ha pO3p0o06JieHil Ta BUTOTOBJIEHi MOIei
BepcTara NiATBEPAKEHO, 10 )KOPCTKICTh MEXaHi3My apajleIbHOi CTPYKTYPH 3 KiHEMaTUYHOIO Ha/I/INIIKOBICTIO Ha
16-28% 6inbia y nopiBHSIHHI 3 BitoMumu. [Toka3aHo, 1110 BUKOPUCTAHHSI 3alIPOIIOHOBAHUX PO3POOOK Ta METOAUK

BH3HAUYEHHS PEXXUMIB abpa3rBHOIO Pi3aHHS J03BOJIsIE CKOPOTUTU 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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