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Kywnipuyk A. C. TexHonoriune 3a0e3MEUeHHs] SIKOCTI JeTajel MalluH,
OTpUMaHuX 3 Imiaactmac MeroaoM 3D-apyky — Kpamidikauiiina HaykoBa mpais Ha
MpaBax PyKOMHUCY.

Huceptanis Ha 3100yTTsI HAyKOBOTO CTymeHs JokTopa (irocodii 3a
crnemianbHicTio 131 — I[lpukiagna MexaHika. — XMEJIbHUIBKUN HaIllOHAIBHUN
YHIBEPCUTET. — M. XMeJIbHUIIbKHM, 2025.

Hucepraniiina poOoTa MPUCBSYEHA BUPINIEHHIO HAYKOBO-TEXHIYHOI 3ajadi
TEXHOJIOT1YHOTO 3a0€3IeUeHHs IKOCTI JeTajiel MaliuH, oTpuManux 3D-npykom.

006'ekmom 0ocnidxncenna € MpoleC 3aBepIIATBLHOT MEXaHIYHOTO OOPOOJICHHS
NOBEpXOHb aeTainel, orpumanux 3D-npykom 3 ABS ta CoPET (PETg) mnactuxy.

Ilpeomemom Oocnidrcennsn € TEXHOJOTIUHI TapaMeTpu 3a0e3MeUYeHHs SKOCTI
netanei, orpumMaHux FDM-npykom, 3aBAsiKM KOMIUIEKCHOMY MIIXOAY IO SKOCTI
BUpOOyY, 10 BKJIIOYAaE B ceOe: TOUYHICTh BIANOBIMAIBHUX IMOBEPXOHb 3T1IHO 3
TeXHIYHUMH BHUMOTaMH, HEOOXIJHY IIOPCTKICTh, MIITHOCTHI XapaKTEPUCTUKU
Marepiaja, Au3aiiH GOopMH 3 MIHI3aIIIEI0 MACH JIETAJII.

Y ecmyni npencraBieHo 3arajbHy — XapaKTEPUCTUKY  JOCIHIJKEHHS,
OOTpYHTOBAHO HOTO aKTyaJIbHICTh, BU3HAYEHO 3B’SI30K 13 HAYKOBHMH IIpOrpaMaMH,
IUIAHAMHM Ta TeMaTHKaMU. TaKoX OKPECIeHO METy, 3aBIaHHs, 00 €KT 1 mpeaMer
JOCIIHPKCHHSI, BUCBITICHO HAayKOBY HOBHM3HY Ta MPAKTUYHE 3HAYCHHS OTPUMaHUX
pEe3yNbTaTiB, 3a3HAYEHO OCOOMCTHI BHECOK aBTOpa, MOAaHO I1H(OpMAIlI0 TPO
armpo0artito, myoOumikarii, CTpyKTypy ¥ o0csar poOoTH.

Bupimenns HayKOBO-TEXHIYHOI 3a/1adi, a came 3a0e3MeUYeHHs] TEeXHOJIOTTIYHUX
nmapameTpiB SIKOCTI jaeraneid, orpumanux FDM-apykoMm, 3aBAsiKh KOMILIEKCHOMY
X0y 10 SIKOCT1 BUPOOY, 10 BKIIOYA€E B ce0e: TOUHICTD BiIMOBIAATBHUX ITOBEPXOHD
3TiHO 3 TEXHIYHUMH BUMOTAaMH, HEOOXITHY IMOPCTKICTh, MIITHOCTHI XapaKTEPUCTUKH
Marepiaiy, Au3aiiH GopMH 3 MIHIMI3AI[IEI0 MACH JETalll € aKTyaJIbHUM 3aBIaHHSIM.

Y nepuwiomy po3oini 3a11icHeHO CUCTEMHHUH aHaJI13 TEXHOJOTTUYHUX MMapamMeTpiB



aKocTi getaneid, orpumanux FDM-npykom, a came: 1€MOHCTPYEThCS €(EKTHBHICTh
3aCTOCYBaHHS JeTanei MaluH, oTpuMaHux 3D-apykoM, ane B 6araTbox BUIAJKaX J10
AKOCT1 Ta TOYHOCTI MOBEPXHI MPEA’ SIBISIOTHCA BHCOKI BUMOTH Ta HEOOXITHOIO €
NOCTOOPOOJICHHS] TOBEPXOHB ISl HAaJaHHS SIKICHOTO JM3aiiHy BUpOOy abo TOYHOCTI
BUKOHABYHX PO3MIPIB 3 HU3BKOIO HIOPCTKICTIO TOBEPXHI.

[Ipu aHani3i BUKOPUCTAHHUX JIKEPET BCTAHOBIICHO, IO OTPUMATH HU3BKY Maly
HMIOPCTKICTh T4 BUCOKY TOYHICTBH PO3MIPIB BiJIMOBIJAIBHUX MOBEPXOHB MICIS IPOLECY
FDM-apyky BUpOOYy BakKKO 4epe3 TEXHOJOT14HI 0COOIMBOCTI poOOTH OOJaTHAHHS
ApyKy Ta BiacTUBI Homy oOMexeHHs. TakuM YWHOM, 100 OTPUMATH IMOBEPXHIO
Kpamoi SKOCTi Ta BHUIIOI TOYHOCTi, HEOOXiTHO BHUKOHATH OJATKOBHH MpoIleC
MEXaHIYHOTO OOpOOJIEHHS BIAMOBIAJbHUX IMOBEPXOHb. 3 aHANI3y PE3yJbTaTiB , IO
Oyau OTpuUMaHi pPI3HUMH  aBTOpaMU TMPU  TPOBEAEHHI TEOPETUYHUX  Ta
eKCIIEPUMEHTAIBHUX OCIIIPKeHb TPOIeCY BHUTOTOBICHHS BHpOOiB mMeTogom 3D-
IpyKy, OyJ0 BCTaHOBJIEHO, IO OCHOBHUM BIIUB Ha SIKICTh IOBEPXHI BUPOOIB
3MIMCHIOIOTH Taki PaKTOPH SK: XapaKTEPUCTUKH MPOIECY APYKY, BUOiIp MaTepiany s
JIPYKYy Ta MOCTOOPOOJIEHHS MOBEPXOHb JJIs OTPUMAaHHS HEOOXITHOI ITOPCTKOCTI Ta
TOYHOCTI BIATIOBIaILHUX TTOBEPXOHb.

Ha ocHoBi anamizy mitepaTypHUX JDKEpell Ta MaTEHTHOTO Orsay Oyro
chopMyJIbOBAaHO METY JOCIIIHKEHHS ¥ BUSHAYCHO 3aBJIaHHS IS 11 JOCATHEHHS.

Y opyzomy po3oini BuzHaueHo OCHOBHI (hakTOpH, IO AIFOTH MPU 00pOOIECHHI
00TOUyBaHHSIM Ta (Qpe3epyBaHHAM BHUCOKOTOUYHHMX IOBEPXOHb BUPOOY, OTPUMAHOIO
3D-npykom.

[IpoananizoBaHO aHANITUYHI MOJIENI MPOIECY Pi3aHHSA MaTepialliB 3 IJIACTMACH
3 ypaxyBaHHSM MPYKHHUX AehopMarliil moBepxHi BUPoOy.

[TpoananizoBaHo 0coOIMBOCTI mporiecy (pe3epyBaHHs rmiactmac micis 3D-
npyky Ha Bepctatax 3 UIIK. ¥V pe3ynbraTi mpoBeeHOT0 aHali3y BUSIBICHO, 1110 MPOIIEC
ONTUMAJIBHOT CcTparterii o0pobneHHs i1 MOBEpPXOHH TOTPEOy€E YIOCKOHAJIEHHS 3
ypaxyBaHHSI HOTO HECTAI[IOHAPHOCTI 1 3aMKHEHOCTI Ta HEOOXIJHOCTI PO3POOUTH
MEBHUN aJITOPUTM PO3PaxXyHKY TPAEKTOPii pyXy IHCTpyMEHTa, SKHWA BPaXOBYE

MpOIIECH, 110 MPOTIKAIOTh NPH YTBOPEHHI IOBEPXHI JeTajl Ta 3acTOCOBYBATH
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MporpaMHe 3a0e3MedeHHs, M0 J03BOJUTh YIPABIATH NpPOLleCOM OOpOOJIeHHS 3a
3aJJaHUM aJITOPUTMOM.

Po3poOka Ta BUKOpUCTaHHS LMX KOMIIOHEHTIB MPU MPOEKTYBAHHI KEPYHOUOi
IpOrpaMu JO3BOJIUTH KOMIIEHCYBATH MOXHOKY, BUKIMKAaHY MPYKHUMU JehopMaIlisiMu
1 ABUIIUTH MPOAYKTUBHICT 0OPOOJIEHHS.

Hapeneno pesynbrat MpOrHO30BAaHOIO OOPOOJIEHHS JeTall IpU ONTUMAIIbHIN
cTparerii 00po0JieHHs 11 TOBEPXOHb, AKa MPH 3aJlaHid BUCOTI IpeOIHII MIOPCTKOCTI
3a0e3nedye HaltMeHIIMi yac 00poOIeHHS.

[Ipu ubOMy OTpUMaH1 Taki HAyKOB1 PE3yJIbTATH:

1. Orpumana mogagbIIAi PO3BUTOK MOOYAOBA MAaTEeMAaTHYHOI MOJIEJIi MPOIIECY
pi3aHHsS OOTOYYBaHHAM Ta (pe3epyBaHHSIM IOBEPXOHb JeTajel 3 I[IacTMac,
BUTOTOBIIEHUX 3D-IpykoM 3 ypaxyBaHHSM TIPY)KHHUX BIITHCKaHb TIOBEPXOHB
matepiany. OtTpumani pe3yabTaTH y BHIVIAII HOMOTpaM JalOTh MOXKIIUBICTh
IIPOTHO3YBATH HETOYHICTH PO3MIPIB MOBEPXOHb MPU PI3HUX BUIAX OOPOOIEHHS IJIs
MaTepialiB, OTpuManux 3D-ApyKoM, MpU YUCTOBUX Ta YOPHOBUX PEKUMAX PI3aAHHS;

2. OtpuMaB TONANBIIUK PO3BUTOK IMPOIIEC BHU3HAYEHHS MEXaHIYHUX
XapaKTepUCTHK 3pa3KiB, HAJPYKOBAHHUX 3a JOTIOMOTOI0 aIUTUBHUX TexHoJoTii1 FDM.
BcranomneHo, 1o 3HWKEHHsI BHYTPIIIHBOTO 3allOBHEHHS Marepiajay MPOMOPIHHO
3MEHIIIYE MEKY MIIIHOCTI 3pa3ka. ABS-MiacTuk BUABUBCS MEHII MIITHUM HA PO3PUB Y
nopiBHssHH1 3 CoPET-mnactukom. [Ipu nocnimxenH1 aiarpam pyiHyBaHb 3a(h)iKCOBaHO
miacTuuHy TnoBeaiHKy y 3paskiB 3 CoPET, toxi sk 3pa3ku 3 ABS neMOHCTpYIOTh
KpuxKe pyiHyBaHHS. [lpu pochmimkeHHI map TepTs HaWKpamuid pe3yabrar Oyio
orpumano B mapi matepianiB ABS ta CoPET, Bennunna 3nomryBanHs ckiana 30 MKM,
10 poOUTH TaKy Mapy TEPTs HAUOUIBIIT ONTUMAIBHUM BUOOPOM.

3. ExcrnepumeHTanbHO BHU3HAUYEHI CITIBBIJHOIICHHS TapaMeTpiB PEKUMIB
pi3aHHS Ta KOHCTPYKTHMBHUX OCOOJIMBOCTEH pI3aIbBHOTO IHCTPYMEHTY, IIIO
3a0e3MeuyoTh HAMOUTBITY TOYHICTh Ta Majly MIOPCTKICTh BIAMOBITATFHUX TTOBEPXOHB
neraineu, orpumanux 3D - npykom.

Y mpemvomy po3oini npencrtaBieHO 3arajibHy METOJOJIOTIIO IPOBEICHUX



TOCIIHKEeHbB, KA TPYHTYETHCS HA CUCTEMHOMY MIAXOA1 10 PO3B’SI3aHHSI BH3HAYCHOTO
HAayKOBO-TEXHIYHOTO 3aBAaHHSI. Y paMKax JUCEpTaliiHOIrO JOCHIIKEHHs Oyna
BJIOCKOHAJIEHA €KCIIEpPUMEHTAIbHA YCTAHOBKA JIJIS1 MOJENIIOBaHHS (PI3MYHUX MPOLECIB
TEpTS 3pa3KiB 13 IUIacCTMAC y B3aeMOAli 3 KOHTpTiLIoM. BuOpano oOianHaHHS Ta
XapaKTepUCTUKH  PI3aJbHOTO IHCTPYMEHTY JJId THpouleciB OOTOYyBaHHA Ta
dbpesepyBanns Ha Bepcratax 3 UIIK. [[ns mpoBeneHHs JOCHTIKEHHS] XapaKTEPUCTUK
MiHOCTI 3pa3kiB 3 iactMac ABS 1 COPET Bukopucrano po3puBHy Mamuny Y MM-
5. Jlns BuUMIprOBaHHS TOYHOCTI Ta IIOPCTKOCTI BUTOTOBJICHHS BiJIMOBIIAJIBHUX
MOBEPXOHb OINMKUCAHO BUMIPIOBAIBHI Mpuiagu. HaBeneHo MeTOo0JIorii0 onTUMi3arii
KOHCTPYKIil JeTanedl MamuH 11 e(QEeKTUBHOTO aJUTHBHOTO BHPOOHHWIITBA 32
nonomororo SolidWorks Simulation. Bubpano KOHCTpPyKI[it0 MOBOPOTHOTO CTOJIA 3
METOI0 MOJICpHI3allii, JJIs PO3IIMPEHHS TEXHOJOTIYHUX MOMKJIUBOCTECH (pe3epHUX
BepcratiB 3 UIIK. HaBeneHno meTonomorito o0po0aeHHs JaHUX OTPUMAHUX B MPOIIECi
€KCTIEPUMEHTIB Ta OI[IHKY TOYHOCTI OTPUMAaHUX Pe3yJbTaTiB.

Y uemeepmomy po3oini HaBeneHO pe3yNbTaTH  EKCINEPUMEHTAIBHHUX
JIOCJJDKEHb, SIKI MOKa3alid, 10 HAaHOUIBIITY TOYHICTH PO3MIpIB Mpu 0OpoOJICHH] Ta
SKICTb TIOBEPXHI OyJIO JOCSITHYTO, BUKOPUCTOBYIOUU (pe3y 3 TBEPAOro CIUIaBy i3
MOJIIPOBAHOIO TOBEPXHEI0. 3a pe3ysibTaTaMHu JOCHIKEHb BCTAHOBJICHO HaMKparli
peXUMH pi3aHHS Ui AaHOi (ppe3n D8 MM: MBHUAKICTH pi3aHHS — S6M/XB; 00epTu
mnuuaens — 2240 06/xB; nogada - 400 Mm/XB.

[IpoananizyBaBImM pe3yabTaTd TOCHIDKEHb — (Ppe3epyBaHHA TIACTUKOBHUX
netaneii, orpumannx FDM-apykowm 13 matepiany COPET, — Oyno BctaHOBJIEHO, 110
HAaWOUIBIIY TOYHICTh Ta SKICTh OOpOOJIEHHWX MOBEPXOHBb (Ma3a Ta yCTYIy) MOKHA
JOCSTHYTH TIPH BUKOPHUCTaHHI ¢pe3 13 MOJNIPOBAHOK TMOBEPXHEIO IsI OOpPOOKH
KOJBOPOBUX MaTrepiaiiB, YaCTKOBO MPHUAATHUM TaKOX BHSIBUBCS IHCTPYMEHT 3i
mBuAKopi3anbHO1 ctami HSS. BcranoBneHno, mo mpu peKOMEHIOBAaHUX PEKUMAX
pi3aHHs mpu YopHOBOMY 00TOouyBaHHI miactMac 3 CoPET i3 rmubuHoro pizanus t= 3
MM TeMIIepaTypa B 30H1 pi3aHHsA He nepesentye 70,9°C, Toal Ak TeMneparypa, npu sKiit

IJTACTHK TTOYWHAE 3MIHIOBATH CBOI MEXaHI14H1 BJIAaCTUBOCTI cTaHOBUTH 90°C.



VY pe3ynbTati MPOBEICHUX CKCIEPUMEHTAIBHUX JOCTIKEHb BCTAHOBJICHO, 1110
BEJIMYMHM 3HOLLYBAHHS Nap TePTs, OTpUMaHuX 3a nonomororo FDM-apyky i3 ABS Ta
CoPet mnacTtuky, po3pi3HstoTbesa. Halikpamuid pe3ynbrar Oyao OTpUMaHO B mapi
marepianiB ABS ta CoPET, Benuunna 31H0cy ckiana 30 MKM, 110 pOOUTH TaKy Mapy
TEPTs. HAUOLIBIIT ONTUMAJILHUM BUOOPOM cepell map, 10 TOCTIIKYBAINUCH.

Ha ocHOBI pe3ynbTariB qucepTamniiiHoi poOOTH CIPOEKTOBAHO Ta BUTOTOBIIEHO
neTanmi s MOJEpHi3alii KOHCTPYKII IMOBOPOTHOTO CTOJia ISl IMiJIBUIICHHS
edeKTHBHOCTI 3acTocyBaHHs BepceratiB 3 UIIK.

I3 3actocyBannsm nporpamuoro npoaykra SolidWorks npoBenena Tonosoriuaa
ONTHUMI3allis] 3a JOTOMOIOK TE€HEPATHBHOTO JH3aiHy, SKa JO03BOJISIE OTPUMATH
KIHIICBUM TIPOJYKT B ONITUMI30BaHOMY BUKOHaHHI. Lle 3Hmkye macy aetani Bix 40 1o
60% mpu 30epekeHH] BCIX CTATMYHUX XAPAKTEPUCTHUK, 110 J03BOJIIE EKOHOMUTH Ha
Marepiajgax, CKOPOTUTH dYac Ha IMATOTOBKY BHUPOOHUIITBA 1 3MEHIIUTH OOCITH
MEXaHIYHOTO 00pOOICHHS.

Ilpakmuune 3nauenna ompumanux pe3yabmamie JJi1 MAIIUHOOYIyBaHHS
MOJISITa€: 'y CTBOPEHI METOJI0JIOTii BUOOPY PEXHUMIB pi3aHHS I JeTalied MallluH,
orpuManHux 3D-ApykoM, Ha YOPHOBUX Ta YHCTOBHUX OIEpalisix; peKoMeHpaamii 3
PE3YNIbTATIB EKCIIEPUMEHTATBHUX JIOCHIIKEHb BEJIWYUHU 3HOIIYBAHHS Tap TepT,
orpumanux 3a jgomnomororo FDM-mpyky i3 ABS Tta CoPET mnactuky, naroTh
MOXJIMBICTh BH3HAUaTH Kpalll Mapu TEPTS IMIOA0 3HOCOCTIMKOCTI IMOBEPXOHbB; Y
3aCTOCYBaHHI MOJEPHI30BAaHOTO MOBOPOTHOTO cToja sl (pe3epHUX podIT Ha
Bepctatax 3 UIIK, mo migBumnye TOYHICTH OOpOOJIEHHS MOBEPXOHb MACTalll; Yy
3aCTOCYBaHHI TOTMOJOTIYHOT ONMTHUMI3AIlli 32 OMOMOTOK T€HEPAaTUBHOTO NHU3ANHY Y
SolidWorks, mo mo3Boiisie OTpUMaTH KIHIIEBUHA TMPOAYKT B ONTHUMI30BAaHOMY
BHKOHaHHI, 1110 3HIKYE Macy neraii Big 40 1o 60% mpu 30epekeHH] BCiX CTATHYHUX
XapaKTePUCTHK Ta JJO3BOJISIE EKOHOMUTH Ha MaTepiaiax, CKOPOTUTH Yac Ha MiJATOTOBKY
BUPOOHUIITBA 1 3MECHIIIMTH OOCSITH MEXaHIIHOTO 0OpOOIICHHS.

Knrwuoei cnoea: sKicTi neraneil MamivH, oTpuMaHux 3D-ApyKoM, TOYHICTB,
MIOPCTKICTh, MATEMAaTUYHE MOJICITIOBAHHS, TIPOEKTYBAHHSI.

PesynbTaTi aucepTaiiHuX OOCHKEeHb Oynu omyOsikoBani B 11 HaykoBux
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mparsx.

Omnyo0aikoBaHi npani, B AKMX NPeICTABJICHO OCHOBHI HAYKOBI pe3yJIbTaTH
aucepramii:

Cmammi y ycypuanax, uio 6K1104eHi 00 nepeniky gaxoeux euoanv Ykpainu:
1. Kymnipuyk A. C., Tkauyk B. II. JlocmimkeHHs BIUIMBY T'€OMETpii IHCTPYMEHTY Ta
PEXKHUMIB pi3aHHS Ha TOYHICTH 0OpoOneHHsa neraneil orpumanux FDM gapykom. Bichuk
XMENbHUIBKOTO HalllOHAJIBHOrO YyHiBepcuTeTy. TexHiuHi Hayku. Ne6. 2023. C. 217-222.
Jlocniooiceno ennus eeomempii iHCmMpyMeHmy ma pedxicumMie pizanHs Ha MOYHICMb 00pOOIeHHS.
oemarneu ompumanux FDM opyrom.
2. Kymnipuyk A. C., Tkauyk B. [1. AHani3 BBy peXUMIB pi3aHHS HA TOYHICTh PO3MIpIB
NOBEpXOHb JeTasield, BUroToBieHnXx FDM npykoMm, mo oOpoOJIOIOThCS TOUYIHHSIM Ta
bpesepyBaHHSIM 3 ypaxXyBaHHAM iX TpPYXHUX jAepopMaiii. Bichuk XuenvHuyvkoeo
HayionanvHoeo yrisepcumemy. Texuiuni nayxku. Ne3. 2024. C. 451-460. Ompumana nooanvuiuti
PpOo36umok nob6yoosa no6y0o8a aHarimuyHoi mMooeii npoyecy 0opobdieHHs N08ePXOHb demaiell
3 nracmmac, ompumarux 3D-0pyKom, y NOPIGHAHHI 3 NPOYeCOM Pi3aHHL MEMAlie 3 ypaxy8aHHIM
HU3bKOI NPYICHOCMI Mamepia).
3. Kapazeit B. /1., Cokonman K. C., Kymmnipuyk A. C., Kaminin O. B. MonepHnizaiis
moBopoTHoro ctoja juisi Bepcrara 3 UIIK. Bicamk XMenpHUIIBKOTO HAI[IOHAIBLHOTO
yHiBepcuTeTy. TexHiuni Hayku. 2021. Ne 6. C.141-146. [lposedeno moodepnizayiro
nosopomno2o cmoiaa o eepcmama 3 YIIK ons niosuwernts mouHocmi 00pooieHHs NOBEPXOHb
CKAAOHOT hopmu.
4. Kymmnipuyk A. C. Onrtumizaiiiss KOHCTPYKIi neraneil MamuH g ePeKTUBHOTO
aguTuBHOTO BHUpoOHHUIITBA 3a gomomororo SOLIDWORKS SIMULATION. Bichux
XmenbHuybko2o HayionanvHoeo yoigepcumemy. Texuiuni nayku. Ned. 2024. C. 497-502.
Haseoeno memooonocito onmumizayii Koucmpykyii Oemaneu Mawiun O eQeKmusHo2o
aoumusHo2o supodbruymea 3a oonomozoro SolidWorks Simulation.

5. Kymnipuyk A. C., Tkauyk B. Il., Xapxkercbkuii B. O. JlocmimkeHHs

MIITHICHUX XapaKTepUCTUK JleTaneil oTpuMaHux 3a gqonomororo FDM npyky i3 ABS ta COPET

MJIaCTUKY. MIKBY31BChbKUI 30IpHUK HaYKOBHUX Mpallb (3a ranxy3siMu 3HaHb « D13MKO-MaTeMaTH4H1
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Hayku» Ta «TexHiuHi Hayku»). JIynpk. Bunyck 76. 2023 C. 147-152. Hagedeno pe3yromamu
00CNIONHCEHHS MIYHICHUX XapaKmepucmuk oemaeti ompumanux 3a oonomozoro FDM opyxy i3 ABS ma

COPET naacmuxy.
Haykoei npaui, aki 3aceiouyroms anpooayiro mamepianie oucepmauii:

6. Kymnipuyk A. C. ATUTUBHI TEXHOJIOT1i B IUBapHOMY BUpOOHULTBI. KoMmIuiekcHe 3a0e3neueHHs
AKOCT1 TEXHOJIOTTYHUX TpoueciB Ta cuctem, 26—27 tpaBHs 2022 p. M. YepHiriB : HY «YepHnirisceka
nomitexnikay 2022. T. 1. C. 105-106. Bxazano Hanpsamku 3acmocy8aHHs AOUMUBHUX MEXHON02IU 6

JIUBAPHOMY BUPOOHUYMEI.

7. Kymnipuyk A. C. YcraHoBka Juist JOCHIIPKEHHS Ha 3HOCOCTIMKICTD TUT oTpuMaHux FDM npykom.
The 9th International scientific and practical conference “Modern research in world science”, November
28-30, 2022. Lviv, Ukraine. 2022. pp. 506 -509. Onucano koncmpykuyito ycmanosxu 0jist O0CHIOHCEeHHS.

Ha 3Hococmiukicms min ompumarux FDM opykom.

8. Kymuipuyk A. C., Tkauyk B. Il. Mexaniuna o6poOka neraneit orpumanux FDM npykom. X
Bceykpaincbka HaykoBO-TIpaKTHYHA KOH(epeHilist 3700yBaviB BUIOT OCBITH Ta MOJOJMX BYCHHUX 3
aBTOMATUYHOI'O YIPABIIHHS MpUCBsueHa J[HIO pakeTHO-KOCMIUHOI Tairy3i Ykpaiau, 12 kBiTHs 2023 p.
Xepcon-XMmenbauipkuii: XHTY, 2023. C. 155-156. Hasedeno pezyrbmamu mexaHiunoi o6pobKu

oemarneu ompumanux FDM opyrom.

9. Kymnipuyk A. C. AnHani3 reoMeTpu4yHOi TOYHOCTI TMICIS MEXaHIYHOi OOpOoOKH Jeraieit
orpumanux FDM npykom. XIII MixHapoaHa HayKoBo-pakTHyHa KoHpepeHiii M. YepHiris, 25—26
tpaBHs 2023 p. : y 2 1. : HamionansHuit yHiBepcuteT «YepHiriBcpka nomitexdika» HY «YepHiriBcbka
nomitexHikay, 2023. T. 1. C. 196-197. Haseoeno pesynomamu aunanizy 2eomempuyHoi moyHOCHIi

N0BEPXOHb NiCIA Mexaniunoi 06pobku demaneti ompumanux FDM opykom.

10. Kymmipuyk A. C., Tkauyk B. II. ®pesepyBanns neraneit orpumannx FDM apykom. XII
MixHapogHa HaykoBo-TexHIYHa KoHGepeHis «[IporpecuBHi TexHOOTIl y MammHOOYIyBaHHI
ATME-2024y, IBano-®pankiBcbk — Spemue, 5-9 mororo 2024 p. C. 138-139. Haseodeno pesyrvmamu
ppezepyeants oemainel NO MOYHOCMI RNICISL MeXAHIYHO20 00pobONenHs demanei ompumanux FDM

OpPYKOM.



11. Kymmnipuyk A. C., AHamiz Ta BUOIp cTpaTerii 4MCTOBOi Ta YOPHOBOi OOpOOKM €JIEMEHTIB
3aroToBOK ckianHoi reomeTpudHoi ¢popmu B SolidCAM the. Materials of the XIV International
Scientific and Practical Conference «INTERNATIONAL FORUM: PROBLEMS AND SCIENTIFIC
SOLUTIONS» (January 16-18, 2025; Melbourne, Australia). C. 291-302 Ilposedeno amnaniz ma
MOOeN08anHs cmpamezii 4ucmo8o2co ma 4YOpPHOB020 0OPOONIeHHS eleMeHmMI8 3d20MOB0K CKIAAOHOL

eeomempuyrnoi popmu y SolidCAM.

SUMMARY

Kushnirchuk A. S. Technological quality assurance of machine parts made of plastics using 3d
printing — Qualification scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 131 — Applied Mechanics. -
Khmelnytskyi National University. — Khmelnytskyi, 2024.

The dissertation is devoted to solving the scientific and technical problem of technological quality
assurance of machine parts obtained by 3D- printing.

The object of the study is the process of final mechanical treatment of the surfaces of parts
obtained by 3D- printing from ABS and CoPET (PETQ)- plastic.

The subject of the study is the technological parameters of ensuring the quality of parts obtained
by FDM- printing, thanks to an integrated approach to product quality, which includes: the accuracy of
critical surfaces according to technical requirements, the required roughness, the strength characteristics
of the material, the design of the form with minimization of the mass of the part.

The introduction provides a general description of the work, justifies the relevance of the research
topic, reveals the connection of the work with scientific programs, plans and topics, formulates the goal,
tasks, object and subject of the research, indicates the scientific novelty and practical significance of the
results obtained, determines the personal contribution of the applicant, provides data on testing,

publications, structure and scope of work.

Solving the scientific and technical problem, namely ensuring the technological
parameters of the quality of parts obtained by FDM- printing, thanks to an integrated
approach to product quality, which includes: the accuracy of critical surfaces according
to technical requirements, the required roughness, strength characteristics of the

material, shape design with minimization of the mass of the part is a relevant task.



The first section presents a systematic analysis of the technological parameters
of the quality of parts obtained by FDM-printing, namely: demonstrates the
effectiveness of the use of machine parts obtained by 3D- printing, but in many cases,
high requirements are placed on the quality and accuracy of the surface and require
post-processing of surfaces to provide high-quality product design or accuracy of
executive dimensions with low surface roughness.

When analyzing the sources used, it was established that obtaining low
roughness and high accuracy of the dimensions of critical surfaces after the FDM-
printing process of the product is difficult due to the technological features of the
printing equipment and its inherent limitations. Thus, in order to obtain a surface of
better quality and higher accuracy, it is necessary to perform an additional process of
mechanical processing of critical surfaces. From the analysis of the results of
theoretical and experimental studies of various authors of the process of manufacturing
products using 3D- printing, it was established that the main parameters that affect the
quality of the surface of products are: the characteristics of the printing process, the
choice of material for printing and post-processing of surfaces to obtain the required
roughness and accuracy of critical surfaces.

The results of the analysis of literary sources and patent review made it possible
to formulate the goal and objectives to achieve the set goal.

The second section identifies the main physical factors that act during the
processing of high-precision surfaces of a product obtained by 3D- printing by turning
and milling.

An analytical model of the process of cutting plastic materials was built and

analyzed, taking into account elastic deformations of the product surface.
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The features of the process of milling plastics after 3D-printing on CNC
machines were analyzed. As a result of the analysis, it was found that the process of the
optimal strategy for processing its surfaces requires improvement, taking into account
its non-stationarity and closedness and the need to develop an algorithm for calculating
the trajectory of the tool movement that takes into account the processes that occur
during the formation of the surface of the part and to apply software that will allow
controlling the processing process according to a given algorithm.The development and
use of these components in the design of the control program will allow to compensate
for the error caused by elastic deformations and increase the processing productivity.
The results of the predicted processing of the part with the optimal strategy for
processing its surfaces, which at a given comb height provides the shortest processing
time, are presented.

The following scientific results were obtained:

1. The construction of a mathematical model of the process of cutting by turning
and milling the surfaces of plastic parts made by 3D-printing has been further
developed in comparison with the process of cutting metals, taking into account elastic
extrusions of the material surfaces. The results obtained in the form of nomograms
make it possible to predict the inaccuracy of the dimensions of surfaces during various
types of processing for materials obtained by 3D-printing, in finishing and roughing
cutting modes;

2. The process of determining the mechanical characteristics of samples printed
using additive FDM-technologies has been further developed. It has been established
that a decrease in the internal filling of the material proportionally reduces the strength
limit of the sample. ABS-plastic turned out to be less strong at break compared to CoPet
plastic. When studying the fracture diagrams, plastic behavior was observed in samples
made of CoPet, while samples made of ABS demonstrate brittle fracture.

3. Experimentally determined ratios of parameters of cutting modes and design
features of the cutting tool, which ensure the highest accuracy and low roughness of
critical surfaces of parts obtained by 3D-printing at optimal cutting temperatures.

The third section describes the general methodology of the research conducted
11



in the work, which is based on a systematic approach to solving the scientific and
technical tasks set.

For the process of performing the dissertation research, an experimental setup
was developed for modeling the physical processes of friction of plastic samples with a
counterbody. The equipment and characteristics of the cutting tool were selected for
the processes of turning and milling on CNC-machines. To study the strength
characteristics of samples made of ABS and CoPet plastics, a UM-5 bursting machine
was used. Measuring instruments are described for measuring the accuracy and
roughness of manufacturing critical surfaces. The methodology for optimizing the
design of machine parts for effective additive manufacturing using SolidWorks
Simulation is presented. The design of the rotary table is selected for the purpose of
modernization to expand the technological capabilities of CNC-milling machines. The
methodology for analyzing experimental data and assessing the accuracy of the results
obtained is presented.

The fourth section presents the results of experimental studies that showed that
the highest dimensional accuracy during machining and surface quality were achieved
using a hard alloy milling cutter with a polished surface. According to the results of the
studies, the best cutting modes for this @8 mm milling cutter were established: spindle
speed - 2240 rpm; feed - 400 mm/min. After analyzing the results of the research -
milling plastic parts obtained by FDM-printing from CoPET material, it was found that
the highest accuracy and quality of the machined surfaces (groove and ledge) can be
achieved when using a hard alloy cutter with a polished surface, a tool made of high-
speed steel HSS was also partially suitable. The best cutting modes were also
established, which correspond to the spindle speed - 2240 rpm; and feed - 400 mm/min.
It was established that at the recommended cutting speeds during rough turning of
CoPET-plastics (the temperature at which the plastic begins to soften is 190°C) with a
cutting depth of t = 3 mm, the temperature in the cutting zone does not exceed 70.9°C,
which indicates that the surface layer of the surface is not disturbed with the required
roughness and the required productivity of the processing process is

achieved. As a result of the conducted experimental studies, it was found that the wear
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values of friction pairs obtained by FDM-printing from ABS and COPET-plastic differ
in their ability to wear surfaces. The best result was obtained in the pair of ABS+ and
CoPet materials, the wear value was 30 microns, which makes such a friction pair the
most optimal choice among the pairs studied.

The modernization of the rotary table design increases the efficiency of using CNC
machines. Using the SolidWorks software product, topological optimization was
carried out using additive technologies, which allows obtaining the final product
without the need for additional processing. This reduces the mass of the part by 40—
60% while maintaining all static characteristics, which allows saving on materials,
reducing the time for production preparation and reducing the volume of mechanical
processing.

The practical significance of the results obtained for mechanical engineering lies
in: the creation of a methodology for selecting cutting modes for machine parts
obtained by 3D-printing, in roughing and finishing operations; recommendations from
the results of experimental studies of the wear value of friction pairs obtained by FDM-
printing from ABS and COPET-plastic make it possible to determine the best friction
pairs in terms of surface wear resistance; in the use of a modernized rotary table for
milling work on CNC-machines, which increases the accuracy of machining the
surface of the part; in the application of topological optimization using additive
technologies in SolidWorks, which allows you to obtain the final product without the
need for additional processing, which reduces the mass of the part from 40 to 60%
while maintaining all static characteristics and allows you to save on materials, reduce
the time for production preparation and reduce the amount of machining.

Keywords: quality of machine parts obtained by 3D-printing, accuracy, roughness,

mathematical modeling, design.
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