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1. AkTyasHocT Ha pa3paGoTeHdsi B AMCEPTALMOHHHS TPYA npobyiem B
HAYYHO H HAYYHO-NIPHJIOXKHO oOTHomeHHe. CTenmeH M HHBA Ha
AKTYaJIHOCTTAa HA NpobiemMa ¥ KOHKPeTHHTE 3aJa4H, pa3paboTeHH B
AMCEpPTALHUSATA.

Hactosmms nucepranoHeH Tpyan € HacoueH KBM H3CJIe[BaHe U
ONTHMH3UpPaHE Ha CTaOMJIHOCTTAa HA aHTHMBUOpALMIOHHA IIaHra 3a 00paboTBaHe
Ha OTBOPM. M3nons3BaHW ca CHBpeMEHHH METOAM 33 MOJEIMpPaHe, YUCIEHH
CHMYyJIallid ¥ CKCIICPMMEHTAIHM W3CIIEBAHUSI ChC Ll MACHTHOHIHpaHe Ha
KIIOYOBH IapaMeTpH, BIHMSCIId BLPXYy BHOpAIMOHHOTO IMOBEIEHHE Ha
UHCTpyMeHTa. Pa3paborenn ca edekTUBHH CTpaTerMd 3a HaMallsBaHe
JMHAMUYHUTE HECTAOUITHOCTH.

Hacrosmara paboTta H3n013Ba MHOTOIUIACTOB M3CJIEJOBATEICKH [TOIXO,
KOMOMHMpaIll TEOPETHYEH AHAJIM3, YHUCIEHH CHMYJIAlMHd M EKCIIEpHMEHTAIHU
u3cneBaHus. TEOPETHYHMAT aHAIM3 BKJIKOYBA [IPOYYBaHE Ha CHLIECTBYBAILUTE
METOAM 3a yNpaBleHHE Ha BHUOpalMuTe, HICHTH(QHIMPaHE HA KPHTHYHHTE
[apamMeTpy M THAXHATAa pONS BBPXY CTAaOMIHOCTTA Ha 0OpaboTBRammTeE
MHCTPYMEHTH. YHCIEHWTE CHMyJalMd T[I03BOJABAT IPOTHO3MpaHe Ha
BUOPAIMOHHOTO TIOBEJIEHWE HA MIAHTaTa NPH Pa3IidHA EeKCIUI0aTalMOHHU
YCIIOBHS, KaTo Ce WU3M0J3BaT CHhBPEMEHHM COQTYEpHH WHCTPYMEHTH 3a
AVMHAMUYEH aHau3. EKCiepiMEeHTaIHUTE U3CIIEABaHUs BKJIIOYBAT U3MEPBAHMUA B
pealiH| YCIIOBHS, KOMTO MOJAIIoMarar BepupukanuaTa Ha pa3pab0TeHUTe MOJIEIN
U TOTBBPXKAaBaT €(QEKTUBHOCTTA Ha MPELIOKEHHUTE ONTHMHU3ALHOHHH
CTpaTeruu.

BuOpauuute B mpoueca Ha pascTbprsaHe Ha OTBOPH C€ IPOSABABAT Karo
AMHaMHYHH HECTaOWIHOCTH, BOAEIIHM J0 HeXelaHu KoneOaHus Ha HHCTpyMEeHTa
u oOpaboTBaHara AeTailiHa MOBBPXHOCT. OCHOBHUTE (GaKTOPH, NPHYHHABALIHA
Te3W BUOpAlMH, BKJIIOYBAT HEAOCTATHYHA TBBPAOCT Ha PEXKEIUTE CIIEMEHTU Ha
MHCTPYMEHTA, HEMOJXOASIIY PeXXHMU Ha ps3aHe, HEpaBHOMEPHO HaroBapBaHe
BBpPXY pexxemure pr0oBe H KOHCTPYKTHBHHTE OcoOeHOCTH Ha obpaboTBaHMs
Aetaiin. Te3u mpobnemu BogsAT 1m0 oOpasyBaHe Ha HEKEIaHW PE3OHAHCHU
SBJICHHS, KOUTO HE CaMO HaMallsIBaT KauecTBOTO Ha 0OpaboTeHHTe OTBOPH, HO H
YBEJIMYaBaT BEPOATHOCTTA OT IpEeXAEBpPEMEHHA INOBpela Ha MHCTPYMEHTHUTE.
PaspaborBanero Ha e(eKTMBHM aHTUBUOPALMOHHM PEIIEHMs, KAaTO HalpUMEp



M3I0/I3BAHETO Ha [IAHTH ¢ ONTUMU3MpPaHa TEOMETPUSA M IEMIIPUPAIIH EEMEHTH,
MOX€ 3HaYMTENTHO JIa MOA00pH pe3ynTaTute oT 00paboTkara.

OcHOBHara wel Ha HAaCTOSIIOTO W3CIEIBAaHE € Ja Ce AHAIM3Hpa H
ONTUMH3HPA CTAOWIHOCTTa Ha AHTHUBHOPAlMOHHA INAHra, M3MON3BaHA IIPH
obpaboTkata Ha oTBOpH. Upe3 mNpuiaraHe Ha CBBPEMEHHH METOOH 32
MOJ€IMpaHe, YUCJICHH CHMYJAlUKM ¥ eKCTIEPUMEHTAIHH M3C/IeJBAHUs, Ce IIeNH
UIICHTAGUIMPAHE HA OCHOBHU NAPAMETPH, BIHSEIM BLPXY BHOPAHOHHOTO
IIOBEICHHUE, H paspaﬁoTBaHe Ha e(l)eKTI/IBHI/I CTpaTeruy 3a HaMaliBaHE€ Ha
JAMHAMHYHUTE HecTaOwiHOCTH. 3a INIOCTHTaHE Ha IIOCTaBeHaTa IIEJI Ce
(opMympar crnexHUTe OCHOBHM 3a/a4H:

® AHaJIU3 Ha CBHIIECTBYBAIINTE AHTHBUOPAIMOHHY TEXHOIOTHH H TAXHOTO
IPUIIOKEHHE B 06paboTKaTa Ha OTBOPH.

o MpeHTHduuupane Ha (akTopuTe, BiMsCIM BbPXYy BHOPAIHOHHATA
YCTOMYHBOCT Ha IIAHTUTE.

® Pa3paboTBaHe Ha YHCIEHH MOJEIM 3a CHMYJAlUs Ha BUOPAIIHOHHOTO
MOBEJICHHE ¥ ONTUMU3AIIUS Ha KOHCTPYKIUATA Ha aHTUBHOPALMOHHATA [IAHTA.

e IlpoBexxJaHe Ha eKCTIEPUMEHTATHH H3CJIEBaHUs 3a BATHAUPAHE Ha
IOJTYYEHUTE PE3YIITATH OT YHCICHHTE CUMYJIALHH.

2. CreneH Ha TMO3HABAHE CLCTOSIHHETO Ha nNpobieMa W TBOpYecKa
HHTepNpeTalHs Ha JHTEPATYPHHS MaTepHaJL.

Ha 6a3a Ha HanpaBeHHsl 0OCTOEH aHAIN3 Ha IPOOIEMUTE, Bh3HUKBAIIH [IPH
00paboTBaHETO Ha  OTBOPH C AQHTHBHOPALMOHHM INAHTH B CJICJCTBHE
IpPOMEHIMBaTa CTabMIIHOCT Ha pa3CThPrBallis WHCTPYMEHT BB3HHKBAT
HETOYHOCTH M0 AB/LKHHA Ha 0Opa®oTBaHHA OTBOP B CJICAICTBHE Ha KOETO C€
BJIOIIaBA Ka4YeCTBOTO Ha o00paboTka M Ce yBelHYaBaT pasXxoguTe 3a
IIPOM3BOJICTBO.

bnaronapenre Ha KoOpuTe mo3HaHus B 00JacTTa Ha psA3aHE M PEXKCIIH
HHCTPYMEHTH IpeJIOKEHUTE TEXHOJIOTHYHH ITOAXOAU 33 aHANIU3 Ha akTopuTte
BIMSCIH BbPXYy BHOpALIMOHHOTO TMOBEACHHE HA HHCTPYMEHTa OCOOEHO MpH
pascTepreaHe Ha JBIOOKM OTBOpPHM MIe cmocoOcTBa 3a moOJoOpsiBaHe Ha
TOYHOCTHUTE MOKa3aTenu Ha o0paboTrka. Ch3mazeHaTa METOOUKA 3a H3CJIe/IBaHe
Ille JOIPHMHECE 3a YCHBBPIICHCTBaHE HA METOAMKHUTE 3a IIPOCKTHpaHE H
U3CciieiBaHe Ha aHTUBHOpalMOHHM HHCTpyMeHTH. [IpencraBeHus 3ambiO0UYeH
aHaiu3 Ha (akTopuTe, BIHSEIId BBPXY BHOpallMOHHATa YCTOMYMBOCT
croco0CTBa 3a MpeqiaraHeTo Ha €(QEKTHBHM DPEIICHHs 3a ONTHMH3AlMs Ha
aHTUBHOPAIIMOHHATA IIJAHTA.

CuuTaMm , ye JOKTOpaHTAa € 3alo3HaT MHOro no0pe ¢ TeMmarukara Ha
TUCEPTALMOHHHS TPYA U € U3IO0JI3Ba] ChBPEMEHHU U MHOBAaTUBHH METOJUKH 32
AHAIMTUYHY U eKCIIEPUMEHTAIHU u3cieaBaHus. ToBa e Ch31aJ10 BE3MOXKHOCT 32
MMOJy4YaBaHETO HA 3aBHCHMOCTH OTYHMTAINM BIMAHUETO HA MMapaMETPHUTE Ha
pexxuma Ha o0paboTka BbpXY KadeCTBEHHTE ITOKa3aTeily Ha MOBBPXHHUHHTE Ha
Pa3CTBhpPrBaHUTE OTBOPH.

Ha 6aza Ha 3amgeaboueHHs aHaIM3 Ha CHIIECTBYBAllM METOAMKU 32
MPOEKTUpAHE U W3C/IENBAHE HA AHTUBUOPALIMOHHM WHCTPYMEHTH OT Pa3Ii4YHH



JIUTEPATYPHU W3TOYHUIIM KAKTO HA KMPUITUIIA TaKa U Ha JIATHHHIIA € CHHTE3HPaH

MOAXON 3a ONTHMH3UPaHE HA PEXKMMHTE Ha DPsA3aHe TNPH Pa3CTHPrBaHe Ha
ABIOOKH OTBODH.

3. ChoTBeTcTBHE Ha H30paHATA METOAMKA HA H3C/IeIBAHE ¢ NOCTABEHATA
1eJl ¥ 3a1a49H Ha AMCEePTALHOHHUS TPYA

M30paHara MeTonyKa Ha W3CIE/BaHe CHOTBETCTBA C MOCTABEHATA LT H
3alaiM Ha MCEPTAUMOHHHSA TPYA. VI3BBpIIEHUAT MHOTO(GaKTOPEH eKCIIEPHMEHT
© TIPEANOCTaBKa 33 Ch3/IaBAaHETO HA AIrOPMTMHMYHH MOJENH 3a yIpaBJcHHE Ha
KauCCTBEHUTE MOKa3ali Ha 00paboTBaHUTE OTBOPH.

Metoaukara Ha eKCIepHMEHTANHH M3CIEABAHHSA € M30paHa, CHIVIACHO
LETUTe U 331a4NTe HA JUCEPTALMOHHUAT TPYI.

IIbpBM eran B MeTOJMKATa € NMPOEKTHpaHe Ha TANOTO. PasrienaHu ca
BBIIPOCH CBBP3aHM ¢ H300pa Ha U3XOJIeH MaTepHal U AMaMEThp Ha TAIOTO Ha
PasCTbpreamuss HMHCTPYMEHT. M3BBpileHH ca  SKOCTHH W IIPOBEPOYHH
H39UCIICHHA Ha MPE/TIOKEHATa KOHCTPYKLIMS Ha TAJIOTO.

OnpezensaHeTo Ha CHIIOBOTO HATOBAapBaHE Ha MHCTPYMeHTa. U3BbpIneHus
aHaiM3 ¢ OasMpaH Ha TEOPETHYHM M3YUCICHHS 3a YCJIOBHATA Ha ps3aHe,
NIPSBHACHHU 33 TO3H MHCTPYMEHT. CTOHHOCTHTE Ha MapaMeTpUTE YY4acTBAIIH B
HN3Y9HCIICHHUATA Ca B3€TH KaTo CpeaHHu CTOMHOCTH OT MMPENIOPBUYHUTCIIHUTE Ha
MPOM3BOAUTENA HA PEKEIUTe IUIACTHHH ,a HMEHHO CKOPOCT Ha pszaHe Vc=
180m/min, geaGounHa Ha Xom;a ap=0.5mm, mnomaBane f=0.1mm/06.,
obpaborBaem auameTsp D=45mm.

Bropus etan oT MeToxuKaTa € NPOEKTHpPaHe Ha NeMIIbUPAIIys Bb3eN 1 Ha
Tasu 0asa ca M3YNCICHH M OpasMEPEeHH OCHOBHHTE EIIEMEHTH CbCTaBSIIH
KOHCTpyKIHATa Ha Bb3en. Ilonoxkennero Ha MacoBus nemndep B TAIOTO Ha
Oopmanrata e TACHO 0OBBP3aHO ¢ HEroBaTa e(EeKTHBHOCT. I'eomeTpuuHuTE
napameTpd Ha Jemndepa, BKITIOUHTEIHO IWAMETHPHT HAa KyXHHAaTa o
pasmpeneneHueTo Ha macara, ce omnpeneyisiT BB3 OCHOBAa HAa H3YHCIICHATA
ONTHMMalHa Maca 3a ChOTBETHAaTa COOCTBEHAa uecTOTa Ha cucreMara. Topa
pasnoyiokeHHe CBBMNaJa C MaKCHMyMa HA OTHOCHUTENIHOTO OrbBaHe W
BHOpAlMOHHA aMILTHTY 1A [IPH [I5PBHs COBCTBEH MOJI, KOETO 0BYC/IaBs HeroBara
e(peKTUBHOCT KaTo macHBeH BuOpoaGcopbep . HampaBemure wusamcieHus
BKIIIOYBAT OLICHKA Ha MaKCHMAallHaTa ejacTuyHa JedopManus Ha Gopimanrara
IO/l IEHCTBHETO Ha pajJuanHaTa Cuia. 3a TasH IIeJ € U3MO0I3BaH KIaCHIEeCKHUST
aHAJIMTHYEH MOJIEJ 32 OTbBaHe HA KOH30JIHA IPejia, IPU KOMTO HATOBApBaHETO €
NPUJIOKEHO B Kpasi Ha rpefara MeprueHIuKy/IsSpHO Ha HelfHaTa oc.

B Tperus eranm e chCTaBeH ¥ pasriiefad MaTeMaTM4ecKd MOJeNl Ha
NIPUHYAEHUTE BHOpaliK C KOMTO ce BepHOUIMpa AHATMTUYHO MpeAIoXKeHaTa
KOHCTpyKIMs. Ha Ta3u 6a3a ca nonyueHu abCoMOTHUTE IPEMECTBAHHS HA JBETE
MacH BBB BpeMeTo. [3cnenBaHeTo IOKa3Ba, Y€ B HAUAIHHS MOMEHT ce
HabJronaBaT KoJIe6aH!s C OTHOCUTEIHO BUCOKA aMILIMTY/a, KOHUTO IOCTENEHHO
3aTUXBaT MOpaaM €HEPTUiHOTO pa3ceiiBaHe B CHUCTEMATa, OCHUTYPEHO OT
AeMIIQEPHUTE EIIEMEHTH.



B ueTBBpTHS eTan e HampaBeH CTHMyNAIIOHEH aHANTM3 MO METONA Ha
KPaHHUTE eJIeMEHTH U3MON3BANKY IPUIIOKHHSA coPTyepeH npoaykt Solidworks.
B3 0cHOBa Ha TO3M aHaMM3 ca M3ciIeIBaHM AHHAMHYHHTE XapaKTepUCTHKH M
TIOBEICHUETO Ha MPOEKTHPAHATa AHTHBHOPALMOHHA WHCTPYMEHTAIHA MIAHTA C
HAacTpoeH MacoB gemndep. AHM3ET € IIPOBEXAA Ype3 MONYIHIE Ha
codTyepHHS POMYKT, KOUTO IIO3BOISIBAT U3BBPINBAaHE KAaKTO Ha MOAAIEH, TaKa
1 Ha XapMOHWYEH OTKIUK, NPU JeHUHHPaHH paboTHH HATOBAPBAHNAL.

B nocnenHus eram e u3BbpuIeH eKCIEpHMEHT 3a BepubUKalusi Ha

AMHAMUYHOTO IOBE/ICHUE HA MHCTPYMEHTA H OTIPEIeNAHE Ha ONITUMAIHH PEKHMH
Ha pabora.

4. KpaTka aHaJIHTHYHA XapaKTePHCTHK2 HA €CTeCTBOTO M OLEHKa Ha
ROCTOBEPHOCTTA HA MaTepHAaJa, BbPXY KOITO ce rpaaaT NPHHOCHTE Ha
AUCEPTALHOHHUS TPy,

DopMy/MpaHUTE NMPHHOCH UMAT KAaKTO TEOPETHYHA CTOMHOCT — 4pe3
YCBBBPIICHCTBAHE HA METOAUKUTE 3a aHAIN3 M ONTHMH3ALMs Ha BUOPALIHOHHUTE
XapaKTCPUCTHKH, TaKa U NMPUI0)KHA HACOYEHOCT — YPE3 CH3/IABAHE HA PEIICHHS,
NPHIIOXHMH B PEAJTHH TPOU3BOACTBEHH YCIIOBHSI.

IlpuHocuTe ca GasHpaHH HAa OCHOBA HANPABEHH TEOPETHKO-aHATUTHYHH
U3YHUCIICHUA W W3BBPIICHH EKCIIEPUMEHTAIHM wM3cienBaHus. Ha 6asa
32(bJIOOYEHHUS] TEOPETHYEH AaHAIM3 U aHAJ3 HA CHIIECTBYBAINO KOHCTPYKTHBHH
PeLICHHA Ha AHTHUBHOPAUMOHHM WHCTPYMEHTH, KaT0 M H3BBPIICHUTE
CKCICPUMEHTATHA U3CICABAHUA 3a ONTUMU3MPAHE Ha PEKUMHUTE Ha pA3aHE €
NPeAIOKEHA METOAUKA 33 NPOCKTHPaHE M  KOHCTPYKIMS HA Pa3cThPIBAIL
MHCTPYMEHT. Hanpasenust MHOro(baKTOpeH aHaIH3 i OJTyYEHHTE PETPECHOHHH
MOJIENIA CIIOCOOCTBAT 3a ONpeZe/sIHe Ha ONTHMAIHH PEXUMH Ha 06paboTka, oT
KOHTO Ce BIDKJA, Y€ M0J]aBaHETO Ce SBSBA OCHOBEH (aKTOp BIHMEI] Ha TOYHOCTTA
M IParaBoCcTTa 110 ABDKHHATA Ha OTBOpA.

OpuruHanHOCTTa Ha paspaGoTeHaTa METOAMKAa 3a NPOEKTHpaHe Ha
aHTUBMOpAIMOHHA INAHTa, CIIOCO0CTBA 32 B3eMaHe Ha PelleHH s 32 oH006psBaHe
Ha KOHCTPYKIIMATA Ha pa3cThprBallisa HHCTPYMEHT, Ype3 KOETO Ce Bh3eHCTRa Ha
aMILTHTY JTHO-9aCTOTHaTa XapaKTCpHCTHKA IIPH pasCcTbpreaHe.

B®3 ocHOBa Ha ONTHMH3HpAHE Ha IHHAMHYHHTC XapaKTCpPUCTHUKHA Ha
[Iponeca pasCTEPrBaHe € CB3JAaJICH € IIPOTOTHII Ha IIaHra. qp63 HaIlpaBE€HOTO
YHCJICHO MOOCITHPAaHE € U3BBPIICH ImapaMeTpHYICH aHalln3 3a CKCIICPHMCHTAIHA
anpo6aunﬂ Ha IIPOLECHTE BIIHMACIIH BBPXY TOYHOCTUTC H KaA4YCCTBCHHTE
IIoKa3aTe Ha 00paboTka.

S. HayyHH H HAYYHO NPHIOKHH MPHHOCH HA JHCTAHLHOHHHS TPYA

o mucepTalMOHHUAT TPYA ca GOPMYITUPAaHH YETHPH HAYYHO-TIPUIONKHU
(4 Opos) W Tpu mpunoxuu (3 6pos) mpuHocu. Te oTpassBar ageKBaTHO
IIOJIy4EHHUTE PE3YJITATH B JUCEPTALMOHHUS TPYA U JaBaT 0OEKTHBHA MPE/CTaBa

3a ChIBPXKAHUETO MY.



6. Ilpenenxa Ha myG.IMKAUMMTE 110 JUCEPTALHOHHHUS TPYA

o nucepranuoHHns Tpyx ca HampaBeHH TPy Ha Opoit mybukarmu, KaTo
BCHYKH ca B ChaBTOPCTBO. B efHa mMy6nuKanum JOKTOPaHTET € Ha ITBPBO MSCTO.
ChIBpXKaHNETO HA MyGIMKAIMKTE OTPas3siBa 0GCTOMHO AHATHM3a HA CHCTOSHUETO
Ha mpoOnema, NOCTUTHATHTE pPE3yITaTH OT HAaNpaBeHWTe W3CJCIBAHUI W
TIPE/IOXKECHATE HAYIHO NPUIIOKHH ¥ TIPUIIOKHH TIPHHOCH.

7. MHeHHe M penopbLKH

JIMCePTAlMOHRUAT TPYX € pa3paboTeH U CTPYKTYPHpPAH Ha BHCOKO HAy4YHO
pPaBHHUIIIE. CoabpxaHueTo Ha  JUCEPTAllMOHHHUA  TPYH cle/iBa
TIOCNICIOBATENHOCTTA Ha PeLIaBaHUTE IIPOOIEMH U OTIENHNUTE IJIaBH 3aBBPIIBAT
C HU3BOIH. Ot CB3JaJlCHUTE AJITOPUTMHYHHU MOJAEIH 3a OIIpEACIAHEC Ha
AWHAMHYHATa XapaKTepHCTHKA HA MHCTPYMEHTA i HAaTOBAPBAHETO HA PEXKCIUA
HHCTPYMEHT NPH PasCThprBaHE HA POTANMOHHU MOBBPXHMHU M IONYYEHHUTE
rpadpvyHKM 3aBHCHMOCTH 32 TpPANaBOCTTA € BHIMOKHO CH3JABAHETO Ha
aBTOMaTH3MpaHa CHCTeMa 32 yIpaBJieHHeE Mpolieca Ha MeXaHuyHa 06paboTKa mpu
Pa3CThprBaHe Ha OTBOPH B YCJIOBHUS HA He CTAIIMOHAPHO psI3aHe .

Cuutam , ye no6pe O GUIO TOKTOpAaHTA Ja apryMEHTHPA 1O BAKHOCT
(akropure BuuselM BBEPXY CTAOWITHOCTTA Ha AHTUBHOpAIMOHHUTE
PasCThpraallyl HHCTPYMEHTH. B 3arnaBueTo ce akieHTHpa Ha ONTUMM3AINS Ha
CTa0MIIHOCTTA, @ B IJIaBa YETBHPTA CE TOBOPH 32 ONTHMH3ALMS HA PEKUMUTE Ha
00paboTka. PasmmpsiBane Ha AUana3oHa HA W3CIEABAHMATA C Ppa3IHYHA 110
THIIOpa3Mep aHTHBHOPALMOHHN MHCTPYMEHTH OH JOIPHHECTO 3a YBENMYaBaHe
Ha JI0CTOBEPHOCTTA Ha [IOJYYEHUTE Pe3YJITaTH.

8. 3akiawuyenue

HucepraupoHed Tpyn € paspaboTeH, CHIJIACHO OO0 HAIMOHATHUTE
H3MCKBaHUA M CBIVIACHO 3aKOHa 3a pa3BUTHE Ha aKaJEeMHYHHS CHCTaB B
Penry6mika Beirapus. ITonydeHuTe pesynTaTu ca MpaKTHYECKH IIOJE3HH M TOBa
MH JaBa OCHOBaHHC Ja MpPEMIOKa Ha YBaKaéMOTO HAyYHO XYpPH Ja MPUCHIH
oOpasoBarenHaTa H Hay4Ha CTeIeH ,,JIokTop” Ha Mar. uHxK. [lnamen [1amMeHOB
Kacabos B obmact Ha Bucmie o6GpazoBanue - 5. TeXHHUECKM HAYKH,
npodecHonanHo HampaBieHne - 5.1. MamMHHO HHXEHEpPCTBO, IOKTOPCKA
nporpama ,,Ps3aHe Ha MaTepHaIUTE U PEXKENTH HHCTPYMEHTH®,

rp. Ilnosaus Penensent::
10.12.2025 (now. a-p urx M. AMyIKeB)
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1. Relevance of the problem developed in the dissertation in scientific and
applied terms. Degree and levels of relevance of the problem and the
specific tasks developed in the dissertation.

The present dissertation is focused on the investigation and optimization of
the anti-vibration boring bar stability used for hole machining. Contemporary
methods of modeling, numerical simulations, and experimental investigations are
employed in order to identify the key parameters influencing vibrational behavior
of the tool. Effective strategies for reducing dynamic instabilities have been
developed.

The dissertation applies a multi-layered research approach combining
theoretical analysis, numerical simulations, and experimental studies. The
theoretical analysis includes a review of existing vibration control methods,
identification of critical parameters, and examination of their influence on the
stability of cutting tools. Numerical simulations enable the prediction of the
vibrational behavior of the boring bar under various operating conditions, using
modern software tools for dynamic analysis. Experimental investigations include
measurements under real operating conditions, supporting the verification of the
developed models and confirming the effectiveness of the proposed optimization
Strategies.

Vibrations during the boring process manifest as dynamic instabilities
leading to undesirable oscillations of both tool and machined surface. The main
factors causing these vibrations include insufficient stiffness of the cutting
elements, inappropriate cutting parameters, uneven loading of the cutting edges,
and structural characteristics of the workpiece. These issues result in unwanted
resonance phenomena, which not only degrade the quality of the machined holes
but also increase the likelihood of preterm tool failure. The development of
effective anti-vibration solutions, such as boring bars with optimized geometry
and damping elements, can significantly improve machining results.

The main objective of the present research is to analyze and optimize the
stability of an anti-vibration boring bar used in hole machining. By applying
modern modeling techniques, numerical simulations, and experimental studies,



the aim is to identify the principal parameters influencing vibrational behavior
and to develop effective strategies for reducing dynamic instabilities. To achieve
this objective, the following main tasks are defined:

* Analysis of existing anti-vibration technologies and their application in
hole machining;
Identification of factors influencing the vibration stability of boring bars;

* Development of numerical models for simulation of vibrational behavior
and optimization of the anti-vibration boring bar design;

® Conducting experimental investigations to validate the results obtained
from numerical simulations.

2. Degree of knowledge of the state of the problem and creative
interpretation of the literature.

Based on the conducted comprehensive analysis of problems arising during
hole machining with anti-vibration boring bars, it is established that variable
stability of the boring tool leads to dimensional inaccuracies along the length of
the machined hole, resulting in reduced machining quality and increased
production costs.

Owing to strong expertise in the field of cutting processes and cutting tools,
the proposed technological approaches for analyzing the factors influencing tool
vibration behavior - particularly in deep-hole boring will contribute to improving
machining accuracy indicators. The developed research methodology contributes
to the advancement of design and investigation methods for anti-vibration tools.
The presented in-depth analysis of factors affecting vibration stability supports
the proposal of effective solutions for optimizing the anti-vibration boring bar.

I consider that the doctoral candidate is very well acquainted with the
subject matter of the dissertation and has applied modern and innovative
analytical and experimental research methods. This has enabled the derivation of
relationships reflecting the influence of cutting parameters on the quality
indicators of the surfaces of bored holes.

Based on an in-depth analysis of existing methodologies for the design and
investigation of anti-vibration tools from various literature sources, both Cyrillic
and Latin, an approach for optimizing cutting conditions in deep-hole boring has
been synthesized.

3. Compliance of the chosen research methodology with the objectives
and tasks of the dissertation.

The selected research methodology is consistent with the objectives and
tasks of the dissertation. The conducted multifactorial experiment forms the basis
for the development of algorithmic models for controlling the quality indicators
of machined holes.

The experimental research methodology has been selected in accordance
with the objectives and tasks of the dissertation.



The first stage of the methodology involves the design of the tool body.
Issues related to the selection of the base material and the diameter of the boring
tool body are addressed. Strength and verification calculations of the proposed
body design have been performed.

The determination of the force loading of the tool is based on theoretical
calculations for the cutting conditions envisaged for this tool. The parameter
values used in the calculations are taken as average values recommended by the
cutting insert manufacturer, namely: cutting speed Vc=180 m/min, depth of cut
ap=0.5 mm, feed f=0.1 mm/rev, and machined diameter D=45 mm.

The second stage of the methodology involves the design of the damping
unit, based on which the main elements of the unit structure are calculated and
dimensioned. The position of the mass damper within the boring bar body is
closely related to its effectiveness. The geometric parameters of the damper,
including cavity diameter and mass distribution, are determined based on the
calculated optimal mass corresponding to the system’s natural frequency. This
position coincides with the maximum relative deflection and vibration amplitude
at the first natural mode, which determines its effectiveness as a passive vibration
absorber. The calculations include an evaluation of the maximum elastic
deformation of the boring bar under radial force loading, using the classical
analytical model of a cantilever beam subjected to an end load perpendicular to
its axis.

In the third stage, a mathematical model of forced vibrations is developed
and analyzed to analytically verify the proposed design. On this basis, the absolute
displacements of both masses over time are obtained. The study shows that at the
initial moment relatively high-amplitude oscillations are observed, which
gradually decay due to energy dissipation in the system provided by the damping
elements.

In the fourth stage, a simulation analysis using the finite element method is
performed with the SolidWorks software package. Based on this analysis, the
dynamic characteristics and behavior of the designed anti-vibration boring bar
with a tuned mass damper are investigated. The analysis is carried out using
software modules that allow both modal and harmonic response analyses under
defined operating loads.

In the final stage, an experiment is conducted to verify the dynamic
behavior of the tool and to determine optimal operating conditions.

4. Brief analytical characterization of the nature and assessment of the
reliability of the material underlying the contributions of the
dissertation.

The formulated contributions have both theoretical value through the
improvement of methods for analysis and optimization of vibration characteristics
and applied significance through the development of solutions applicable in real
manufacturing conditions.



The contributions are based on conducted theoretical-analytical
calculations and experimental investigations. On the basis of in-depth theoretical
analysis, examination of existing design solutions for anti-vibration tools, and
experimental studies aimed at optimizing cutting regimes, a methodology for the
design and construction of a boring tool is proposed. The conducted multifactor
analysis and the obtained regression models contribute to determining optimal
machining conditions, demonstrating that feed rate is the main factor influencing
accuracy and surface roughness along the length of the hole.

The originality of the developed methodology for designing an anti-
vibration boring bar supports decision-making for improving the boring tool
design, thereby influencing the amplitude-frequency characteristics during
boring.

Based on optimization of the dynamic characteristics of the boring process,
a prototype boring bar has been developed. Through numerical modeling, a
parametric analysis has been performed for experimental validation of processes
influencing machining accuracy and quality indicators.

S. Scientific and applied scientific contributions of the dissertation.

The dissertation formulates four (4) scientific-applied and three (3) applied
contributions. They adequately reflect the obtained results and provide an
objective representation of the dissertation content.

6. Evaluation of the publications related to the dissertation.

Three publications related to the dissertation have been produced, all in co-
authorship. In one of the publications, the doctoral candidate is the first author.
The content of the publications thoroughly reflects the analysis of the state of the
problem, the results achieved from the conducted studies, and the proposed
scientific-applied and applied contributions.

7. Opinion and recommendations.

The dissertation is developed and structured at a high scientific level. Its
content follows the logical sequence of the addressed problems, and each chapter
concludes with findings. Based on the developed algorithmic models for
determining the dynamic characteristics of the tool and the cutting load during
boring of rotational surfaces, as well as the obtained graphical relationships for
surface roughness, it is possible to develop an automated system for controlling
the machining process during hole boring under non-stationary cutting conditions.

It would be beneficial for the doctoral candidate to justify the relative
importance of the factors influencing the stability of anti-vibration boring tools.
While the title emphasizes stability optimization, Chapter Four discusses
optimization of cutting parameters. Expanding the research range to include anti-
vibration tools of different sizes and types would contribute to increasing the
reliability of the obtained results.



8. Conclusion.

The dissertation has been developed in accordance with national
requirements and the Law on the Development of Academic Staff in the Republic
of Bulgaria. The obtained results are practically applicable, which gives me
grounds to propose to the esteemed scientific jury the awarding of the educational
and scientific degree “Doctor” to Eng. Plamen Plamenov Kasabov in the field of
higher education 5. Technical Sciences, professional field 5.1. Mechanical
Engineering, doctoral program “Material Cutting and'Cutting Tools.”
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