AHOTAIIA
Kowenv O.C. Y 1ocKOHaJIGHHSI TANTYBaJIBHOT MAIIMHY JJIs1 OOpOOKH JieTanen JIeTKoi

npomMucioBocTi. — KBamigikaiiiiina HaykoBa mpails Ha npaBax pykonucy. uceprariiis Ha
3M00yTTS HAYKOBOTO CTyIeHs JOoKTopa (inocodii 3a cmemianbhicTiO 133 — «["amy3eBe
MamrHOOyyBaHHs». KWiBChKHMI HalllOHAIBHUN YHIBEPCHUTET TEXHOJOTIM Ta JIu3aiHy,
Kwuis, 2026.

Hucepraniiiny poOOTy NPUCBIYEHO aHANITUYHOMY Ta EKCIEPUMEHTAIBHOMY
JTOCTIHPKEHHIO MPOCTOPOBOTO CKJIATHOTO PYyXy TEXHOJOTIUHOTO MAacUBY JieTajiei B poOouiid
€MHOCTI TaJITyBaJIbHOI MAIIMHU yIOCKOHATICHOI KOHCTPYKIIIT 11 00pOOKHU JIeTaneil JIerkoi
IIPOMUCIIOBOCTI.

AKTyadbHICTb pOoOOTM 3yMOBJ€HAa HEOOXIJHICTIO BHpPIIIEHHS  3aBJAHHSA
YIOCKOHAJIEHHS! TalNTyBaJbHOI MAllMHU Al OOpOOKM JeTajiedl JIETKOI MPOMHCIIOBOCTI 3
MOKJIMBICTIO YTBOPEHHS HEOOXIJHUX TEXHOJOTIYHO OOYMOBIIEHUX PEXKUMIB pyXy
JeTanen.

Metorw nucepTaiiiiHoi poOOTH € YJOCKOHAJICHHS TalTyBaJlbHUX MAIIHUH JIETKOT
IPOMHUCIOBOCTI JiIi  OOpoOKHM JieTajeil B poOOYMX €MHOCTSAX 3 PO3IMIUPEHUMU
MO>KJIMBOCTSMHU PETYIIIOBAHHS Ta 3MIHH PEXXKUMIB PyXy MAacHUBY AeTajeil.

JIJist TOCSITHEHHS 3aIlJIaHOBAaHOT METH Y POOOTI BUPIIIYBAIUCS 3aBJAHHS:

— JIOCHIIJDKEHHS BIUIMBY KyTa Haxuwily T€OMETPUYHOI OCl poOOoYoi €MHOCTI
MWTHAPUYHOT (POPMHU TanTyBaJbHOI MAaIlIMHU YJOCKOHAJIEHOI KOHCTPYKIli Ha PEKUMU
pYyXy MacuBy zerajnei B poOouiil EMHOCTI;

— JOCH/DKEHHsI BIUIMBY pajiyca poOodoi €MHOCTI MWIIHAPUYHOI (hopmu
raJITyBaJbHOT MAIIMHU yJIOCKOHAJIEHOI KOHCTPYKIIIT HA PEKUMH PyXy MAcHBY JeTajeil B
poOoUiil EMHOCTI;

— JOCTIPKCHHSI BIUTMBY JIOBXXKHHU POOOYOi €MHOCTI MIIIHIAPUYHOI (hopmu
raJTyBaJIbHOT MAIllMHU yJAOCKOHAJIEHOT KOHCTPYKIlii HA PEKMMHU PYXy MAacuBY JAeTajieil B
poOouiil EMHOCTI;

—IOCIIJKEHHST 0OpaHOr0 MPOCTOPOBOrO IIAPHIPHOIO 3’€HAHHS BEIy4Oro Bala

BITHOCHOTO PyXYy Ta EMHOCTI raJITYBaJIbHOT MAIlIMHU YJIOCKOHAJIEHOI KOHCTPYKIIIi;



— BHUKOHAHHS MareMaTUyHOI OOpOOKM  pe3yibTaTiB  eKCHEPUMEHTAIbHUX
JOCIIKEHB JUIsl BCIX 3aIUIAHOBAHMX BapiaHTIB €KCIEPUMEHTY Ta MEPEBIPKU aI€KBAaTHOCTI
BIAMOBIAHUX MaTEMaTHYHUX MOJEIIEH;

— BUKOHAaHHA JWHAMIYHOTO BPIBHOBAXKYBAaHHA PYXOMOi MEXaHIYHOI CHUCTEMH
raJITyBaJbHOI MAIIMHU YJIOCKOHAJIEHOI KOHCTPYKUII 3 ypaxyBaHHSM Maca-1HepLiHHUX
XapaKTEePUCTUK JAeTalleld JIErKoi MPOMHUCIOBOCTI Ta PO3PaXyHKY MacHu MPOTHBATH, SIKY
HEOOX1THO BCTAaHOBJIIOBAaTH Ha KPUBOIIIMI MAIIUHU;

— BUW3HAYEHHS BEJIMYMH MPHUBEJICHUX KPYTHUX MOMEHTIB Ha TPHUBOJHUX Bajax
BIJIHOCHOTO Ta TMEPEHOCHOr0 pyxXy poOouoi €MHOCTI MAIIWHHM, Mia0UpaHHs
€JEKTPOABUTYHIB, PEAYKTOPIB Ta My(PT ABOX HE3aJNEKHUX MPHUBOJIIB, MNPOBEACHHS
HEOOX1THUX MEePEBIPOUYHUX PO3PAXYHKIB.

O0’eKkT AOCHiIXKeHHSA: TaNTyBaJlbHI MAallMHU JIETKOI IMPOMHUCIOBOCTI Ta 00OpoOKa
neTajeH y iX poOounx eMHOCTSIX.

IIpeamer nociigkeHHsi: YIOCKOHAJICHHS TalTyBaJIbHOI MAIIMHU 3 PO3IIUPEHUMHU
TE€XHOJOTTYHUMHU MOKJIUBOCTAMH JIJIs1 OOPOOKH JieTajel JIETKOi TPOMKCIIOBOCTI.

HaykoBa HOBHM3HA: Ha OCHOBI BHKOHAaHUX aHATITUYHUX Ta €KCIIEPUMEHTAIBLHUX
JIOCTI/DKEHh ~ BCTAaHOBJICHO  B3a€MO3B’S30K  KOHCTPYKTMBHMX 1  TEXHOJOTIYHHUX
XapaKTePUCTHK MaITMHH yJIOCKOHAIEHOI KOHCTPYKIIIT Ta peXXUMY PyXy MacHBY JIeTaiei B
il poOo4iit eMHOCT!I.

IIpu nubomy Brepiue:

— aHaJNITUYHO OTPMMAHO MATEMATHYHI MOJE BIUIMBY KyTa HaXWiIy poOodoi
€MHOCTI HWJTIHAPUYHOT (POPMU HA PEXKUM PyXy poOOUYOro MacHBY JeTaled y MalluHi
YAOCKOHAJIEHOT KOHCTPYKIIIT;

— aHaJTITUYHO OTPUMAHO MaTEMaTW4YHI MOJENl BIUIMBY pajiyca poOodoi €MHOCTI
HWTIHAPUYHOT (QopMH HA peXUM PyxXy poOOUOro MacuBy JAeTajedl y MalluHi
yIOCKOHAJICHOT KOHCTPYKIIIT;

— aHaTITUYHO OTPUMAHO MAaTEMAaTU4YHI MOJIEJ BIUIMBY JOBXKHUHHU POOOUYOT €MHOCTI
HWTIHApUYHOT (QopMH HA peXUM pyxXy poOOYoro MacuBy JeTajed y MalluHi

YAOCKOHAJIEHOT KOHCTPYKIIIT;
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— OTpPUMaHO MIATBEP)KCHHS PIBHOMIPHOTO oOepTaHHs pPoOOYOi €MHOCTI
rajiTyBaJibHOI ~MAlllMHU  YJOCKOHAJICHOI  KOHCTPYKIII Ha OCHOBI  IPOBEICHOIO
KIHEMATHYHOTO JIOCIHIJKEHHSI 0OpaHOTr0 MPOCTOPOBOTO MIAPHIPHOTO 3’ €HAHHS BEIy4OTO
Bajia BiTHOCHOTO PyXy Ta EMHOCTI;

— EKCIEPUMEHTAJIbHO OTPUMAHO MaTeMaTU4YHI MOJENl BIUIMBY KIHEMAaTHUYHHX
napaMmeTpiB pyXy BeAy4YUX BaJliB MalllMHU Ha PEXKUM PyXy MacuBy JieTaieil y pobouuit
€MHOCTI JIJIsl 3MIHHUX 32 BEJIMYMHOIO KYTIB 11 HAXUJTY, pajilyCiB Ta IOBXKUH;

— Ha OCHOBI BHKOHAHOTO TOPIBHSUIBHOTO aHATI3y pE3yibTaTiB aHANITUYHUX Ta
€KCIIEpUMEHTAJIbHUX JOCHI/DKEHh B3a€EMO3B’S3KIB KOHCTPYKTHUBHUX 1 TEXHOJIOTTYHHUX
XapaKTEPUCTHK MAIIWHU yIOCKOHAJICHOI KOHCTPYKIIII Ta peKUMY PyXy MacuBy JeTajici B

il poOo4iif EMHOCTI BCTAHOBJIEHO 1X 30iranHs 13 95 % IMOBIpHICTIO.

JloBeneHi mepeBaru rajiTyBajibHOT MAIIMHK YJIOCKOHAJIIEHOT KOHCTPYKITIi:

— nns 3a0e3MeyeHHs] KaCcKaJHO-BOAOCIATIHOTO PEXUMY PyXy poOOYOro MacuBy
JeTaJIe y TanTyBaldbHIA MAaIlMHI YJOCKOHAJIEHOI KOHCTPYKI[li BCTAHOBJIEHO: 3MIHA KyTa
HaxXuiIy poOouoi eMHOCTI ImtiHApuIHOI Gopmu Big oo = 20° mo o = 60° mpu3BOAUTH 110
HEOOX1THOCTI 3MEHIIEHHS MAaKCUMAaJIbHOI YacTOTHM BEAY4YOro Bajla TEPEHOCHOTO
obepranHs Ha 28,9% Ta BIAMOBIIHOTO OJHOYACHOTO 301IBIIEHHS MaKCHMaJIbHOI YaCTOTH
BEy4Oro Baja BIIHOCHOro obepranHs Ha 37,1%, npu 4oMy JJ1sl IEPEHOCHOTO 00EepTaHHs
CIIOCTEPITAEThCSA 3MEHIICHHS 1HTCHCHMBHOCTI 3MIHM MaKCHUMAaJbHOI IMBHAKOCTI, a I
BIJIHOCHOT'O OOepTaHHs, HaBIaKH, 11 30UIbIICHHS;

— JUIsl 3a0e3MedYeHHs] KacKaJIHO-BOJOCIATHOTO PEXKUMY pPyXy poOOYOro MacuBy
JeTaiel y TaJTyBajdbHIA MAaIllMHI YJAOCKOHAJIIEHOT KOHCTPYKIli BCTAHOBJIEHO: 3MiHA
pazaiyca po6o4oi eMHOCTI IutiHApUYHOI popmu B r = 0,06 M 10 r = 0,1 M IpU3BOAUTH 110
HEOOXITHOCTI 3MEHIIEHHS MAaKCHUMaJbHOI YacTOTH BEIydOoro Baja MEpPEeHOCHOTO
obepranHs Ha 6,5% Ta BiAMOBIIHOTO 3MEHIIIEHHS MaKCMMaJIbHOI YaCTOTH BEIyYOro Baja
BIJIHOCHOTO oOepTranHs Ha 22,7%, mpu YoMy JUIsl TIEPEHOCHOTO OOepTaHHsS 3MiHa
IHTEHCUBHOCTI MAKCUMAaJIbHOI HIBUJKOCTI HE CIOCTEPIra€eThCcs, a JUIsl BIJHOCHOTO BOHA

3M€HH_Iy€TbCH;
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— I 3a0€3MeYeHHs] KaCKaJIHO-BOAOCIAIHOTO PEXUMY PyXy poOOYOoro MacuBy
JeTaJlel y TaJTyBajbHIA MalllMHI YJAOCKOHAJIEHOI KOHCTPYKLIi BCTAHOBJIEHO: 3MiHA
JOBXHHU PO00Y0i €eMHOCTI muiiHapu4Hoi ¢opmu Big I = 0,210 m go 1 = 0,290 m
NPU3BOJUTH JI0 HEOOXIMHOCTI 30UIBIIEHHS MAaKCHMAJIbHOI YacTOTH BEIy4YOro Bajia
NEepPEeHOCHOTO 00epTaHHsl Ha 6,6% Ta BIAMOBIIHOTO 3MEHILIEHHS MaKCUMaJbHOI YaCTOTH
BEIy4yoro Bajia BiJHOCHOTO oOepTanHs Ha 2,3%, Tpu 4YOMy 3MiHa I1HTEHCHUBHOCTI

MEePEHOCHOT Ta BIJIHOCHOT MAKCUMAJIbHUX IIBUAKOCTEN HE CIIOCTEPITa€ThCS.

[IpakTuyHe 3HaYEHHS JUCEPTAIitHOT pOOOTH:

— PpO3pO0JICHO Ta CTBOPEHO YHIBEPCAIbHY TalTyBaJlbHy MaIIUHY JJIs1 OOpOOKHU
JeTalIel JIErKoi MPOMHUCIOBOCTI 3 PO3MIUPEHUMHU MOKIIUBOCTSIMU PETYIIIOBAHb;

— Ha OCHOBI MPOBEACHOr0 JWHAMIYHOTO BPIBHOBAXKYBAaHHSA PYXOMOI MEXaHIYHOI
CUCTEMHU TalTyBaJIbHOI MAIIMHU YJOCKOHAJICHOI KOHCTPYKIII 3 YypaxyBaHHSIM Maca-
IHEpIINHUX XapaKTEepPUCTUK JeTajedl Jerkoi MPOMHCIOBOCTI PO3PAXOBAHO Macy
IPOTHBArd, MO MOpiBHIOE 4,3 KI, SKy BCTAaHOBIIOEMO iaMETPAJIbHO MPOTHIICIKHO IO
KPUBOIINIA 3 MOXMJIHMBICTIO KOHCTPYKTHBHOI 3MIHHM JOBXHHHU ii IJie4a BiTHOCHO OCI
obepranns B Mexax Bijg 0,08 m 10 0,42 wm;

— PO3pax0OBaHO BEIMYWHU MPUBEIACHUX KPYTHUX MOMEHTIB Ta IXHIX MOTY>XKHOCTEH
Ha MPUBOJHUX BaJlaX BIAHOCHOTO Ta MEPEHOCHOTO PyXy poOOY0i EMHOCTI YOCKOHAICHOT
MAaIlIMHU 1711 00pOOKH JeTaseil Jerkoi mMpoMHUCIOBOCTI, SIK1, BIMOBIHO, ckianu 2,22 H-wm;
9,46 H-m ta 40,1 BT; 58,4 BT;

— BUKOHAHO MiAOIp EJNEKTPOJBUTYHIB, PEAYyKTOPIB Ta MY(PT IBOX HE3AICKHHX
NPUBOJIB YJIOCKOHAJICHOI MAaIIUHU [JIi OOpOOKM JeTaneidl JEerkoi MPOMHUCIOBOCTI,
3p0o0JICHO TEpeBIpOYHI PO3paXyHKH Ta OTPUMAHO TMiATBEP/KCHHS BHKOHAHHS YMOB

MIIIHOCTI.

Hucepramniro BukoHaHO Ha Kadenpi mexaniunoi imxeHepii KHYTJl y mexax
HAYKOBO-JIOCHIIHOI POOOTH «TeopeTnyHl OCHOBHM MPOEKTYBAaHHS MAallWH i1 0OpoOKU
OpiOHUX JeTanell B €MKOCTAX 31 cKiaamgHuM pyxom» (Ne mepxkpeectpamii 0122U001822,

03.2022 — 12.2025pp.), a oTpumMani pe3yiabTaTd Oyje PO3BHHYTO Yy HAyKOBO-IOCTIAHIN
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po6oti «Po3pobiieHHsT eHeproe(eKTUBHOIO KOMIUICKCY JUIsi BTOPUHHOI IEpepoOKU
BiZIXO/IiB TOJIiMepHUX MaTepianiBy (mudp Temu 16.04.80 MB J1b, 01.2026 — 12.2028 pp.).

Pesynbrat  nmocHiKeHb BIPOBAPKEHI Ta YCIIIIHO BHKOPUCTOBYIOTHCS Yy
ocBiTHROMY Tpoueci kadeapu Mexaniunoi imwxkeHnepii KuiBcekoro HarmionanbsHoro
VHiBepcurery TexHosorid Ta JluzaiiHy JUisl CTYZIE€HTIB OCBITHBO-IIPO(ECiitHOI mporpamu
«MamunoOynyBanHs»  creuianbHocTi 133 TamyszeBe  mammnHoOyayBanns — (Gl11
MamnoOyayBanHsa (3a cremianizamisamu)), cneriatizamii G11.03 MammHoOyayBaHHs
(Texnomoriuni MammHA Ta OOJIAIHAHHS) MEPIIOT0 OAKATaBPCHKOTO PIBHA Ta OCBITHHO-
HayKoBiii mporpami «l'amy3eBe MammHOOyayBaHHs» cremiaibHocTi 133 TamyseBe
mamHoOyayBaHHs (G11 MammHoOyayBaHHs (3a cneniaiizaiisiMi)) TpeTboro (OCBITHBO-
HAyKOBOT'0) PiBHS BHUIIO1 OCBITH. Pe3ynbraTu qucepTaliiiiHoOro JOCIiKeHHS BIPOBaHKEH1
y JIEKIIHHI KypCcH Ta KypCcH MpakTHUYHHX 1 jJabopaTopHuX poOiT 3 nucuuiuiiH «Teopis
MeXaHi3MiB 1 MamuHy, «TeopeTnyHa MexaHika», « OCHOBU aHaJi3y MEXaHIYHUX CHCTEM
JUIS 3100yBaviB mepiioro 0akajgaBPChKOTO PIBHA Ta 3 JUCIHUIUIIHU «AHT3 1 CHHTE3
CKJIQJHUX MEXaHIYHHUX CHUCTEM» JUIsl 3100yBayiB TPETHOrO (OCBITHbO-HAYKOBOI'O) PIBHS
BHIIO] OCBITH.

Y mepmiomMy po3aijii BUKOHAHO aHATITUYHUN OIS HAyKOBHUX Tpallh 3 IHTAaHb
00’eMHO1 0OOpOOKH JieTalel JIeTKoi MPOMKCIIOBOCTI. BUKOHAHO 3arajibHUM OTJISIT MPOLIECIB
Ta MaluH i1 oOpoOKM JeTaneil B poOOYMX €MHOCTSIX, IO MarTh OOepTaIbHUH,
BiOpamiiHuii a0o CKJIaJHUM XapakTep ImepeMimieHHss y mnpoctopi. OcobinuBa yBara
NPUAUIAETECS aHANI3y HAYKOBHX TMpallb, B SIKAX PO3TISAAIOTHCS MHTAHHS MEXaHIYHOI
TEXHOJIOTi OOpoOKHM JAeTalied Ha MallMHaxX 3 CKJIAJHUM PYyXOM pPoOOYOi €MHOCTI, SIK
HAWMPOAYKTUBHIIIOTO  Ccepell ICHYIYMX CHocoOiB  00poOKM  jAeTaneil  Jerkoi
IPOMHUCIIOBOCTI B PoO0OYMX €MHOCTSAX. TakoX B pO3AUTI MPHUAUIAETHCS yBara aHamizy
HAYKOBUX Mpallb, K1 IPUCBIYEHI TUTAHHSAM OCOOIMBOCTI MEXAHIYHOI TEXHOJIOT1i 00pOOKHU
JIeTaJIe JIETKOI TMPOMHUCIIOBOCTI Ha TaJTyBadbHUX MammmHax. Ha mijmcraBi 3pobieHux
BHCHOBKIB C(hOpMYJIbOBAHO 3aBJIaHHS, K1 HEOOX1JHO BUPIIIUTH B JOCIIHKCHHI.

Y napyromy po3aiii 31iiiCHEHO aHAJMITUYHE OCTIKEHHS IapaMeTpiB MalluHU
po3po0aeHOi KOHCTPYKINi ayis oOpoOKHM meTaneil JErkoi MPOMHUCIOBOCTI 3 CKJIAJHUM

IPOCTOPOBUM PYXOM poOOYOi €MHOCTI HWIIHAPUYHOI (opmu. BuszHaueHo IiHIMHI
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MIBUAKOCTI Ta IPUCKOPEHHSI TOYKU pOOOYOro MacuBy JAeTalied, MPOBEACHO TOCIHIKEHHS
CHJ Ta PEXKUMIB pyXy poOOYOro MacuBy JeTajedl mij IXHbOIO JI€0 B €MHOCTI
MWTHAPUYHOT (QOpMHU, SIKAa Ma€ TPOCTOPOBHM CKIATHUNA PyX. AHANITHYHO BUKOHAHI
JOCIIJKEHHS! BIUIMBY KyTa HaXWJIy OCI €MHOCTI LMJIIHApUYHOI QopMu ii paxaiyca Ta
JIOBXKUHU HA PEXKUM PyXy poOOUOTr0 MAaCHUBY J€TAJIEN Yy MalIUHI pO3pO0IEHOT KOHCTPYKIIII.

VY TpeThoMy po3aiii MpeacTaBiIeHo po3poOKy Ta JOCHIHKEHHS eKCIIepUMEHTATbHOT
MalIMHU yJIOCKOHAJIEHOI KOHCTPYKIII AJii OOpOoOKM JeTaneil JIerkoi MPOMMCIOBOCTI 3
IPOCTOPOBUM CKJIAJIHUM PYXOM po0040i eMHOCTI ImiHApuYHOI (popmu. Bukonano ommc
eKCTIIEPUMEHTAILHOI MAIlIMHY, BU3HAYEHO TEXHIYHI YMOBH J0 CTBOPEHHS ii J1F0401 MO,
IPEICTAaBICHO KOMIUICKTAIllF0 TpWBOMY MamwuHH, 3a jgomomororo CAD-cuctemu
pO3po0JIeHO 3araibHy crenu@ikaiiio, KPeCICHUKN 3arajilbHOro Ta CKIJIAJalbHOTO BHIY.
BukoHaHO KiHEMaTW4YHE JOCIHIJKEHHS OOpaHOro MPOCTOPOBOTO HIAPHIPHOTO 3’€HAHHS
BEIy4Or0 BaJla BIAHOCHOTO PyXy 3 €EMHICTIO TaJTyBaJIbHOI MAIUHU YJIOCKOHAICHOI
KOHCTPYKIIii, 3p00OJICHO TEepPeBIPKY CIPOMOXKHOCTI MAIIMHHM 3a0€3MeUYUTH BUKOHAHHS
EKCTIIEPUMEHTAIIbHUX 3aB/1aHb.

Y uyerBepTOMYy PpO3AiJIi TPOBEIECHO EKCIIEPUMEHTAIbHE MAOCTIHKCHHS BIUITUBY
OCHOBHHMX TapaMeTpiB MaIlllMHU PO3pPOOJIEHOT KOHCTPYKIII Il 0OpoOKU AeTaniedl JIeTKOoi
MPOMUCIIOBOCTI Ha PEXUMU PyXy MacUBY JeTajed B poOOoUiil €MHOCTI HUIIHIPUYHOT
dopMHu 3 TPOCTOPOBHM CKJIAAHUM PYXOM 3a JOIMOMOIOI0 MaTeMaTHYHHX METOJIB.
Po3pobiieHo miaH eKCIepUMEHTAIbHOrO aHali3y MalluHU PO3pOO0JIEHOI KOHCTPYKII Ta
BUKOHAHO EKCIIEPUMEHTAIbHE MOCTI/DKCHHS BIUITMBY KyTa HAXWJIy T€OMETPUYHOI OcCi
po00Y0i EMHOCTI MITIHAPUYHOI popmu Ti pajiiyca Ta TOBKUHU HA PEKUMU PYyXy MacUBY
JeTajiel B €MHOCTI MallMHU. BHKOHAHO TOPIBHSHHS PE3YyJbTaTiB, SKI OTPUMAaHO
AHATITHYHO 1 EKCIIEPUMEHTAIBHO Ta OTPUMAHO 30IraHHs iX Pe3yJbTaTiB 3 TOYHICTIO 95
BIJICOTKIB.

Y m’aToMy po3aijii BUKOHAHO NWHAMIYHE BPIBHOBAXXYBaHHS PyXOMOi MEXaHIUYHOT
CUCTEMU MaIIMHU 1St OOpOOKH JieTajeil 3 ypaXyBaHHSIM Maca-iHePIIHHUX XapaKTePUCTUK
JeTajlied JIETKOi MPOMUCIOBOCTI, pPO3paxOBaHO Macy NPOTUBArd 3 YypaxXyBaHHAM
KOHCTPYKTHUBHOT MOXMJIMBOCTI 3MIHIOBAaTH JOBXHHY TIUleda MPOTHUBard. BusHadeHo

OpUBEACHI O BEAy4YHMX BaJliB PO3POOJICHOI MAIlMHM MOMEHTH 3 YypaxyBaHHSIM Maca-



IHEpIIMHUX XapaKTEPUCTHUK PYXOMHX JeTajied JIETKOi MPOMHCIOBOCTI, BH3HAYEHO
BEJIMYMHU HEOOX1IHUX TEOPETUYHHX MOTYKHOCTEH Ha BEIyYHMX Bajax BiJHOCHOTO Ta
MEPEHOCHOTO PyXy po00Y0i €MHOCTI MAIIMHM, SKI JaJld IJACTaBy BHKOHATH ITi0ip
€JIEKTPOJBUTYHIB, PEAYKTOpPIB Ta My(T MNPUBOIIB BEAyYUMX BaliB BIIHOCHOTO Ta
NEPEHOCHOTO PYyXiB pPO3pOOJICHOI TanTyBalbHOI MalIMHU. 3poO0JEHO NEepeBIpOYHUN
PO3paxyHOK 0OpaHMX €JaCTUYHUX IMOJIypeTaHOBUX MY(T IMPHUBOIIB 32 YMOBOI MIIIHOCTI
MOJIlypETaHOBUX BCTaBOK.

KirouoBi cioBa: BJIOCKOHaNEHHS CHCTEM, IUTIOCKI 1 TPOCTOPOBI JeTaii Ta
MOJIIMEpHI ~ MaTepiayid, TEXHOJOTIYHUN TMpOIEeC TaITyBajdbHoi MAIlMHU  JIETKOI
IPOMHUCIIOBOCTI, BaKIJIbHUI MPOCTOPOBUN MEXaHI3M, IIaTyHHA rpyla, KIHEeMaTH4Ha Hapa,
IPOCTOPOBUM PYyX HMJIIHIPUYHOI €MHOCTi, KOHTPOJb TMOJOKEHHS, KYTOBa IIBUIKICTD,
KPYTHUM MpUBENCHUA MOMEHT, (PUKIINHI BIAaCTHBOCTI, peakiliss Ta CHJIOBE
HAaBaHTa)XCHHs, KIHEMAaTHYHHMA aHalli3 Ta KIHEeMaTU4HI 1 JWHAMIYHI TIIapaMeTpH,

aHAIITUYHE JTOCIIUKEHHS Ta aHAIITUYHA MOIEITh.

CIIUCOK MYBJIKAIIN 3JIOBYBAYA 3A TEMOIO JTUCEPTAIIII

1. HaykoBi npami, y skux omy0JiKOBaHi OCHOBHI HayKOBi pe3yJabTaTH
AMCepTAanii:

1lybrixayii' 6 miscnapoonux bazax oanux Scopus:

1. Zalyubovskii Mark. Synthesis and research of the spatial eight-link mechanism of
the barreling machine / M.Zalyubovskii, I.Panasyuk, S.Koshel, O.Koshel, L.Akimova //
Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu — 2024. — Ne3. C. 42-49 DOI:
https://doi.org/10.33271/nvngu/2024-3/042.

Ilyonixkayii' y 3apy0iscHux ma HAyKosux (axosux UOaHHAX YKpainu, éHeceHnux 00
MINCHAPOOHUX HAYKOMEMPUYHUX 0a3:

2. 3amo6oBchkuii M.I'. BuzHaueHHS 3aJ€KHOCTI MK 3MIHOIO PEKHUMIB PYXY
poOOUOro MacuBY Ta KOHCTPYKTUBHUMH OCOOJMBOCTSMHU TaJITYBIbHOI MAIIUHU THUITY
«TURBULA» / M.I'. 3amo6oscekuii, [.B. Ilamaciox, O.C. Komens // Bicuux
XMENBHUIIBKOTO HaIllOHAJILHOTO yHiBepcutery. TexHiudi Hayku. — 2022, — Ne 6. — C. 82-

89 DOI: https://www.doi.org/10.31891/2307-5732-2022-315-6-82-88;


https://doi.org/10.33271/nvngu/2024-3/042
https://www.doi.org/10.31891/2307-5732-2022-315-6-82-88
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3. Komenp C.O. CTpykTypHHH aHaji3 MeXaHI3MiB 4YETBEPTOro KJjacy 3 TpbOoMa
cximagaumu daakamu / C.O. Komrens, I'.B. Komens, M.I'. 3amo6oscekuii, O.C. Komens //
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ANNOTATION

Koshel O.S. Enhancement of the Tumbling Machine Design for the Processing of
Light-Industry Parts. — Qualification scientific work in the form of a manuscript.
Dissertation for the degree of Doctor of Philosophy in specialty 133 — "Industrial
mechanical engineering". Kyiv National University of Technologies and Design, Kyiv,
2026.

The dissertation is devoted to the analytical and experimental investigation of the
spatially complex motion of the technological bulk of parts within the working chamber of
a newly designed tumbling machine intended for processing components used in light

industry.
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The relevance of this study is determined by the need to solve the problem of
improving tumbling machines for processing light-industry parts, ensuring the formation
of required technologically determined motion regimes of the parts.

The aim of the dissertation is to improve tumbling machines for light industry used
for parts processing in working containers with expanded capabilities for adjusting and

varying the motion regimes of the working bulk of parts.

To achieve this goal, the tasks were solved:

— investigation of the influence of the inclination angle of the geometric axis of the
cylindrical working chamber of the improved tumbling machine on the motion regimes of
the bulk of parts in the working chamber;

— investigation of the influence of the radius of the cylindrical working chamber of
the improved tumbling machine on the motion regimes of the bulk of parts in the working
chamber;

— investigation of the influence of the length of the cylindrical working chamber of
the improved tumbling machine on the motion regimes of the bulk of parts in the working
chamber;

— investigation of the kinematics of the selected spatial articulated joint between the
drive shaft of relative motion and the working chamber of the improved-design tumbling
machine

— performing mathematical processing of the experimental research results for all
planned experimental conditions and verifying the adequacy of the corresponding
mathematical models;

— performing dynamic balancing of the moving mechanical system of the improved-
design tumbling machine, taking into account the mass-inertial characteristics of light-
industry parts, and calculating the counterweight mass to be installed on the machine
crank;

— determining the reduced torque values on the drive shafts of the relative and

translational motion of the machine’s working chamber, selecting electric motors, gear
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reducers, and couplings for two independent drives, and performing the required
verification calculations.

Object of the study: tumbling machines used in light industry and the processing of
parts in their working chambers.

Subject of study: improvement of a tumbling machine with extended technological
capabilities for the processing of light industry components.

Scientific novelty of the work: based on the performed analytical and experimental
studies, the relationship between the structural and technological characteristics of the
improved-design machine and the motion regime of the bulk of parts in its working
chamber has been established.

For the first time:

— analytical mathematical models have been derived describing the influence of the
inclination angle of a cylindrical working chamber on the motion regime of the bulk of
parts in the improved-design machine;

— analytical mathematical models have been derived describing the influence of the
radius of a cylindrical working chamber on the motion regime of the bulk of parts in the
improved-design machine;

— analytical mathematical models have been derived describing the influence of the
length of a cylindrical working chamber on the motion regime of the bulk of parts in the
improved-design machine;

— confirmation of uniform rotation of the working chamber of the improved-design
tumbling machine has been obtained based on a kinematic study of the selected spatial
articulated joint between the drive shaft of relative motion and the chamber;

— experimental mathematical models have been obtained describing the influence of
the kinematic parameters of the machine drive shafts motion on the motion regime of the
bulk of parts in the working chamber for variable values of its inclination angles, radii, and
lengths;

— based on a comparative analysis of analytical and experimental results on the

interrelation between structural and technological characteristics of the improved-design
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machine and the motion regime of the bulk of parts in its working chamber, their

agreement has been established with a probability of 95%.

The advantages of the developed tumbling machine design have been
demonstrated:

— to ensure the cascade-waterfall motion regime of the bulk of parts in the
improved-design tumbling machine, it has been established that changing the inclination
angle of the cylindrical working chamber from a = 20° to o = 60° results in the need to
reduce the maximum rotational speed of the transfer-motion drive shaft by 28.9% and to
simultaneously increase the maximum rotational speed of the relative-motion drive shaft
by 37.1%; moreover, for transfer motion, a decrease in the rate of change of the maximum
speed is observed, whereas for relative motion, an increase is observed;

— to ensure the cascade-waterfall motion regime of the bulk of parts in the
improved-design tumbling machine, it has been established that changing the radius of the
cylindrical working chamber from r = 0.06 m to r = 0.10 m results in the need to reduce
the maximum rotational speed of the transfer-motion drive shaft by 6.5% and the
corresponding reduction of the maximum rotational speed of the relative-motion drive
shaft by 22.7%; moreover, for transfer motion, no variation in the intensity of the
maximum speed is observed, whereas for relative motion, it decreases;

— to ensure the cascade-waterfall motion regime of the bulk of parts in the
improved-design tumbling machine, it has been established that changing the length of the
cylindrical working chamber from | = 0.210 m to | = 0.290 m results in the need to
increase the maximum rotational speed of the transfer-motion drive shaft by 6.6% and the
corresponding reduction of the maximum rotational speed of the relative-motion drive
shaft by 2.3%; moreover, no change in the rate of variation of the transfer and relative

maximum speeds is observed.

Practical significance of the dissertation:
— A universal tumbling machine for processing light industry parts with extended

adjustment capabilities has been designed and developed.
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— Based on dynamic balancing of the moving mechanical system of the improved-
design tumbling machine, taking into account the mass-inertial characteristics of light
industry parts, the counterweight mass has been calculated as 4.3 kg, which is installed
diametrically opposite to the crank with a possibility of constructive adjustment of its arm
length relative to the axis of rotation within 0.08 m to 0.42 m.

— The reduced torque values and their corresponding power values on the drive
shafts of the relative and transfer motion of the working chamber of the improved machine
for processing light industry parts have been calculated, amounting respectively to 2.22
N-m; 9.46 N-m and 40.1 W; 58.4 W.

— Selection of electric motors, gear reducers, and couplings for two independent
drives of the improved machine for processing light industry parts has been carried out;
verification calculations have been performed and compliance with strength conditions has
been confirmed.

— The dissertation was carried out at the Department of Mechanical Engineering of
KNUTD within the framework of the research project “Theoretical foundations of
designing machines for processing small parts in containers with complex motion” (State
registration No. 0122U001822, 03.2022-12.2025), and the results obtained will be
developed in the research work “Development of an energy— efficient complex for the
secondary processing of waste polymeric materials” (topic code 16.04.80 MV DB,
01.2026 — 12.2028).

— The research results have been implemented and are successfully used in the
educational process of the Department of Engineering Mechanics at the Kyiv National
University of Technologies and Design for students of the educational and professional
program “Mechanical Engineering” of specialty 133 Industrial Engineering (GI11
Mechanical Engineering (by specializations)), specialization G11.03 Mechanical
Engineering (Technological Machines and Equipment) at the first (bachelor’s) level, and
the educational and research program “Industrial Engineering” of specialty 133 Industrial
Engineering (G11 Mechanical Engineering (by specializations)) at the third (educational
and research) level of higher education. The dissertation results have been integrated into

lecture courses, as well as practical and laboratory work in the disciplines “Theory of
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Mechanisms and Machines”, “Theoretical Mechanics”, and “Fundamentals of Mechanical
Systems Analysis” for bachelor students, and into the discipline “Analysis and Synthesis
of Complex Mechanical Systems” for doctoral-level students.

In the first chapter, an analytical review of scientific works on bulk processing of
light-industry parts is presented. A general overview of processes and machines for
processing parts in working chambers with rotational, vibrational, or spatially complex
motion is provided. Special attention is given to the analysis of scientific studies
addressing mechanical processing technologies performed on machines with a working
chamber exhibiting spatially complex motion, as this method is among the most efficient
existing approaches for processing light-industry parts in working chambers. The chapter
also reviews scientific works devoted to the mechanical processing technologies used in
the light-industry and fashion sectors on tumbling machines. Based on the conclusions
drawn from the analysis, the research tasks to be solved are formulated.

In the second chapter, an analytical investigation of the parameters of the newly
designed machine for processing light-industry parts, featuring a cylindrical working
chamber with spatially complex motion, is carried out. Linear velocities and accelerations
at a point of the working bulk of parts are determined, and the forces and motion modes of
the working mass of parts under their influence within the cylindrical chamber performing
spatially complex motion are analyzed. Analytical studies are performed to examine the
influence of the inclination angle of the geometric axis of the cylindrical chamber, as well
as its radius and length, on the motion mode of the bulk of parts in the newly designed
machine.

In the third chapter, the design, construction, and investigation of the experimental
machine of the new design for processing light-industry parts with a cylindrical working
chamber performing spatially complex motion are presented. A detailed description of the
experimental machine is provided, technical requirements for constructing a functional
model for experimental studies are defined, a complete set of engineering drawings for the
experimental machine is developed using the “SOLIDWORKS” CAD system, and the

machine components are manufactured. The experimental machine is investigated,



17

including the development and analysis of spatial velocity joint and verification of the
machine’s capability to perform experimental tasks.

In the fourth chapter, an experimental study of the influence of the main
parameters of the newly designed machine for processing light-industry parts on the
motion modes of the bulk of parts inside a cylindrical working chamber performing
spatially complex motion is conducted using mathematical methods. An experimental
analysis plan for the machine is developed, and an experimental investigation is carried
out to study the influence of the inclination angle of the geometric axis of the cylindrical
working chamber, its radius, and its length on the motion modes of the bulk of parts inside
the chamber. A comparison of analytically and experimentally obtained results is
performed, demonstrating agreement with an accuracy of 95 percent.

In the five chapter, dynamic balancing of the moving mechanical system of the
parts processing machine was carried out, taking into account the mass—inertia
characteristics of light-industry parts, and the counterweight mass was calculated with
consideration of the design capability to vary the counterweight arm length. The moments
reduced to the driving shafts of the developed machine were determined, taking into
account the mass—inertia characteristics of the moving light-industry parts. The required
theoretical power values on the driving shafts of the relative and translational motions of
the working container were determined, which provided the basis for selecting electric
motors, gear reducers, and couplings for the drives of the relative and translational motion
shafts of the developed tumbling machine. A verification strength calculation of the
selected elastic polyurethane couplings was performed with respect to the strength
condition of the polyurethane inserts.

Keywords: improvement of systems, planar and spatial parts, polymeric materials,
light-industry machines, tumbling machine, technological process, mechanism, linkage
mechanism, spatial mechanism, connecting-rod assembly, kinematic pair, spatial motion,
position control, angular velocity, torque, referred torque, frictional properties, force
loading, reaction force, kinematic analysis, kinematic parameters, dynamic parameters,

analytical investigation, analytical model, cylindrical chamber.
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