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AHOTANIA

Hacmacenxo B.O. TlpoekTyBaHHS 30ipHUX pI3aIbHUX 1HCTPYMEHTIB 3
HENEePeTOUyBaHUMH IJJACTUHAMHU OI14HOT YCTAaHOBKHM METOAOM MOP(OIOTIYHOTO
nigxony. — Keamidikariiina HaykoBa Ipalis Ha IpaBax pyKOITUCY.

Hucepramiss Ha 3000yTTS HAayKOBOIO CTYNEHS JOKTOpa TEXHIYHUX HAyK 3a
cretianbHicTIO 05.03.01 — nporecu MexaH14YHOT 0OpOOKHU, BEpCTaTH Ta 1IHCTPYMEHTH.
— XepcoHChbKa Jiep:KaBHa MOpPChbKa akajeMiss MiHicTepcTBa OCBITH 1 HaAyKH YKpaiHu
VYkpainu, M. XepcoH, 2019. — HarionanbHUN TEXHIYHUNA YHIBEPCUTET «XapKIBCbKUN
NOJIITEXHIYHUM  1HCTUTYT»  MiHicTepcTBa  OCBITM 1  HaykKu  YKpaiHu,
M. Xapkis, 2019.

YV ecmyni HaBeneHO OOIpYHTYBaHHS BHOOpPY TEMH  JOCIITKCHHS,
chOopMyIHLOBAHO METY, 3aBJAaHHS 1 ONMHUCAHO METOAM JociuikeHHa. CPopMyIbOBaHO
HAyKOBY HOBH3HY 1 NpaKTHYHE 3HAYCHHS OTPUMaHUX pe3ynbTaTiB. HaBeaeno maHi
npo ampoOarlifo pe3yiabTaTiB JAUCEpTaIlii, myOumikaili, Mo BifoOpaxarwTh il 3MICT,
N0/1aHo 1H(OpMaIiI0 PO 0COOUCTHI BHECOK 3100yBaya.

Y nepwiomy po30ini BUKOHAHO ODNISL PO3BUTKY IPOTPECUBHUX 301pHUX
pi3aJIbHUX IHCTPYMEHTIB 3 MEXaHIYHUM KpIIUICHHSIM 3MIHHUX HENEepeTOuyBaHUX
nepexiJi 10 1HCTpyMeHTiB, ocHameHux 3HII, noscHiooThCs iX mepeBaraMu, a came:
MIJBUIICHHSAM SIKOCTI, TOYHOCTI 1 MPOAYKTUBHOCTI 0OpoOKH BHUPOOIB, YMOB
BUpoOHMLITBA 1HCTpYMEHTIB 1 3HII 3 migBUIIEHHSIM iX 3HOCOCTIMKOCTI 1 HaJIHHOCTI,
TIOJITMIIIEHHSIM YMOB BiJIBEJICHHS CTPYXKH, YHI(IKAIII€I0 1 3SMEHIIIEHHSM HOMEHKJIATYPH
1 Tunopo3mipiB 3HII Ta KopmmyciB IHCTPYMEHTIB IpH iX OaraTopa3zoBOMy 3aCTOCYBaHHI
Ta pO3MIUpPEeHH] BHUMIB 1 cdep iX BUKOpucTaHHi. Ha mpukmani BiApi3HUX Pi3IiB
nokasano, mwo 3HII y HuX MaroTh ABa BapiaHTH yCTaHOBKHU: 1) OIYHOTO KpIIUICHHS
TPhOX-, YOTUPHOX-, T’ siTurpannux 3HII crnemiansHoi hopmu — 300Ky TBHHTOM [0
roJiiBku pisis; 2) 6iyHoi ycranoBku 3HII onHiero abo qBOMa pi3aibHUMH KPOMKAMMU
B THI3/I1 TOJIOBKH, 3 KPIIJICHHSAM X 3BepXy MPYXKHUMHU a00 HAKJIAJHUMU TBUHTOBUMHU
nputuckadamu. [lokazaHo, 110 HEAOJIK MEPIIOi CXeMH — MM pajilyc BIAPI3KU
(6...10 mm), HEmomiK Apyroi cxemMu — Maja KUIbKICTh (1...2) pi3aabHUX KPOMOK
riacThH. /{11 yCyHeHHsI UX HEIOJMIKIB MOTPIOEH MOIIYK HOBUX TEXHIYHHMX PIlICHb,
AK1 y OUIBIIOCTI MAalOTh PIBEHb BHHAXOIB, IO YCKJIAJHIOE iX CTBOPEHHS B pPaMKax

BEJIMKOI KUIBKOCTI paHimie BifoMux. HalOunbm eQekTUBHUN Takuil MOUIYK MpH



pO3po0LI METOJOJIOTi, 3aCHOBAHOI Ha CHCTEMHMX METOJlaX, TOMY MOTPIOEH ix
JeTaJTbHUM aHali3 1 mojaybiie yaockoHajaeHHs. [lokazaHo Takox, 10 y 30ipHHX
JTUCKOBUX (Ppe3ax BUKOPUCTOBYIOTH aHaioriuni 3HII 3 ix pagianbHuM KpimjieHHSM,
0 30UIBIIY€E MUPUHY TPOPI3l 10 po3Mmipy, skuil Ha 10...15% Oinbiie 3a mupuHy
3HII. Inmmit Hemonmik BigoMHX (pe3 — BIJHOCHA CKJIAJHICTh YCTAaHOBKH Ta
MexaHiuHoro kpirmieHHs 3HIT na xopmyci. Jyist TopueBux (pe3, Ha mpukiai 301pHOT
¢dpe3u CecTpopelbKOro IHCTPYMEHTAIBHOTO 3aBoAY 3 OluHuUM KpimieHHsM 3HIT ais
00poOKM OIYHUX YCTYIB, MOKa3aHO, IIO 1X HEIOJIK — HEMOXXJIUBICTh BHUKOHAHHS
YUCTOBOTO Ta HAMIBYMCTOBOTO OOPOOJIEHHS IUIOLIMHM, SIKa CIIOJIyY€Ha 3 YCTYIIOM,
OCKUIbKHY TIpu O14Hi#M ycTaHoBIlI cTanaaptHux 3HII paniyc okpymieHHs iX BEpIIUH 7
> (0,2 MM, 10 He M03BoJsie 3pizatu mpuiyck menme 0,5 7. [{ns 30ipHUX KUThIEBUX
CBEp/ieJl MOKa3aHo, 110 HEOJIIKaMH BIJOMHMX KOHCTPYKIIM € pajiajibHa yCTaHOBKa
3HII, mo 30u1blIy€e MUPHUHY KIIBLUEBOIO MPOpi3y 1 0OOMeXKye MIHIMAIBHUMA AlaMeTp
cBepIiHHA BenuunHoto 70 mm (s 30ipHux cBepaen ¢ipmu Sandvik Coromant 3
TBeprociiaBHuMu  3HIT wmiHiManeHui niamMeTp cBepUliHHA ckiagae 120 mwm).
[IpoananizoBaHO CHCTEMHI METOAM TMOILITYKY HOBHX TEXHIYHHUX PIIIEHb 1 TTOKa3aHO, 110
HANOUIbLI MEPCHNEKTUBHUMU 3 HUX €: allTOPUTM 1 TEOpis PIIICHHS BUHAXIAHUIIBKUX
3amad (APB3); 3aranpHuil eBpUCTHYHUN METOJ; MOP(OJIOTIYHMI aHaJi3 1 CHHTE3;
¢dbyHkuioHansHO-BapTicHUi aHanm3z (PBA); (yHKIIOHaILHO-OPIEHTOBAHI TEXHOJOTI]
(®OT). Cucremni Merogn y  TPOEKTYBaHHI  pI3abHUX  IHCTPYMEHTIB
BUKOPUCTOBYIOTHCSI HEJOCTATHBO IIUPOKO, M0 (GopMye 3amadi Ui iX MOAaIbIINX
JOCTIKEeHb, PO3B’3aHUX B pOOOTI.

Y Opyeomy po30ini Ha 06a3i OCHOBHUX BIJIOMHX CHUCTEMHHMX METOJIB MOIIYKY
HOBUX TEXHIYHUX pIIIEHh BUKOHAHO OOTPYHTYBAHHS 3alpONOHOBAHOTO METOY
MIPOEKTYBAHHS PI13aJIbHUX IHCTPYMEHTIB 3 MexaHiuHuM KpirieHHsM 3HII ta metonis
ix mocmimkenb. B ioro ocHoBy mokianaeno npuHiunyg @OT. TTokazano, o mist 3HIT
Ta pi3ajbHUX IHCTPYMEHTIB MOTPiOHA iX A0poOKka, ockuibku POT He BpaxoBye BECh
KUTTEBUN LIUKJI BUPOOIB, a JIUIIIE AB1 HOTO YACTUHHU — BUPOOHUIITBO Ta €KCIUTyaTallilo.
JloBenieHO, 110 TMOBHWUW I[MKJI TIOBHHEH MaTH M€ 2 TMapu B3a€MOIIOB’sI3aHUX
JOJTATKOBUX €TalliB, a came: MPOEKTYBAaHHA 1 KOHCTPYIOBAHHS, a TaKOXX PEMOHT 1
yrumizaiio. OaHiel 3 10poOOK 3aMponOHOBAHOT METOI0JIOTIT € BpaxXyBaHHS peaTbHUX
noTped CyCHiJIbCTBA, TEXHIKO-EKOHOMIYHOTO CTaHy HOro pO3BUTKY Ha 0a3l piBHIB

PO3BUTKY MaKpPOCHUCTEM, 1[0 HOT0 CKJIaJIal0Th, a caMme: 1) CoKUBaHHS, 2) EKOHOMIKH,



3) Haykwu, 4) TexHikH, 5) BUpoOHMUTBA. B paMkax peaizauii OTpUMaHuX pe3yJIbTaTiB
JUTSL €JIEMEHTIB KPITUICHHS TUIACTHH PI3aJIbHOTO 1HCTPYMEHTY 3alPOIIOHOBAHO CXEMY
MITYYHOTO 1HTEJEKTY, SIK MPOLIECY MHUCIEHHS, Y BUIJIsII1 KOMOIHAIT CIIOTyYeHb XBHIIb
1 YaCTOTHUX IMITYJIBCIB Ta iX JBIMKOBUX KOJIIB, IO J1aJI0 3MOTY 3HAWTH HOBI PIIICHHS.
Ha 6a3i po3pobnenux cuctem Ta BuxinHoro Bapianty @OT, nmpoiiec cTBOpeHHS HOBOI
TEXHIKM 3alpPONOHOBAHO PO3BUHYTH JO 3arajibHOi CHUCTEMHM — KOMIUIEKCHOT
AITOPUTMIYHOI po3poOku Ta BUpoOHMITBa Tpoaykiii (KAPBIIT). Mera KAPBII —
npoOJieMHE MPOEKTYBaHHA Ha 0a3l CHCTEMHHUX METOJIIB, SKI 3MEHIIYIOTh 1HEPIIiI0
MUCJICHHS TPOEKTyBaJbHUKA. J[IsI IbOTO CHCTEMaTH30BaHO eTam BUOOPY Ta
MOCTAHOBKM MPOOJIEeMH, SIKHM OXOIUTIOE YCl1 €Tanu >KUTTEBOrO LHUKIY OO0 €KTIB
TEXHIKHU.

Y mpemvomy po3oini, 3 ypaxyBaHHSIM OTPUMAaHUX PpaHIIIE PE3yJIbTaTIB.
3allpOTIOHOBAHO  peali3allil0  CHUCTEMHOTO MPOEKTYBaHHS  BIAPI3HUX  PI3LIB,
ocrnamenux 3HII. 3rigHo nmpoBeaeHOro Ha MOMEPEIHIX eTarnax aHali3y KOHCTPYKIIii,
BUSIBJIICHO TpH BapianTH ycraHoBku 3HII: a) panianbHy, 0) TaHreHIiaJibHY, B) O14HY, B
ocTaHHIW BUAIeHO 2 Buau cxeM: 1) 6iunoro kpirutenns 3HII, 2) 614HOi ycTaHOBKH.
Ha ix 0a3i po3po0sieHO KOMIUIEKCHUI BaplaHT YCTAaHOBKHU IUIACTHH, IO 3aKpUBA€E yCi
TpH TUIONIMHI 3arajbHOI CTPYKTYpPH y BUIJISAL TpaHel kyOy. Lle xapakrepusye mani
TPU BaplaHTH, SIK €IUHY cUCTeMy 1 poOuTh ii 3aBepuienoro. Ognak 3HII pagianbhoi
YCTaHOBKH HE MOXXYTh OyTH BUKOPUCTaH1 B TaHTCHIIIIbHIN, a00 O1YHUI yCTaHOBKAX,
OCKUIBKM 3HAYHWM pajilyc 7 iX BEPIIMH CYTTEBO MOTIPIIYE YMOBH 3pI3aHHSA KOPEHS
crpykku. Takum umHoMm 111 3HII He € B3aemMo3aMiHHUMH, TOMY 3alpOIOHOBAHO
po3auuTH ix Ha: pamianbHi (P3HII) 3 pizanbHuMH KpoMKaMHu Ha pedpax MIHPOKHUX
rpaneii; TanreniianbHi (T3HII) 3 pizanbHIME KpoMKaMu Ha pedpax MUPOKOT 1 By3bKO1
rpansx; Oiyni (B3HII) 3 pizanbHUMU Kpomkamu Ha peOpax By3bkux rpaneil. Ilpu
npomy B3HII € Takumu, 1m0 BCTaHOBJIEHI Ha CBOIO BY3bKY T'paHb Yy HOPMAJIbHIM
IUIOLMHI JI0 OCHOBHOI MOBEPXHI Ta JI0 MOBEPXHI pi3aHHS 1 3A1MCHIOIOTH PI3aHHS
ne3aMH, Ki yTBOpeHl Ha peOpax ix By3bkux rpaHeil. [[ns ycyHeHHs paxaiycy r Ha
pebpax 6azoBux 3HII, 3anpomoHoBaHO Micis X MpecyBaHHS BUKOHYBATH JOJATKOBY
3aTOYKY JIMCOK M a00 TYyrOBUX BHIMOK pafiycCy 7, IO 3MEHIIYE MEepPeXiaHy pamiCHy
ninsHky 3 » > 0,2 mm o BenuwuuHu r < 0,01 mwm. [Ipu 3atouyBaHHI JIMCOK, fIKI
dbopmytots nepennto nmosepxuro b3HII, moxxnuBa ontumizaiis ix napamerpis. Okpim

3MEHILEHHS IIUPUHU Ma3y, W0 Npopi3yeThes, nepeBaramu 3anpononosanux b3HII e:



nmpocTtoTa iX (opmu, 30UTHIICHHS KUTBKOCTI PI3AIBHUX KPOMOK Ta 301THIICHHS
TOBIIMHM TiepeTuHy 1 mirHocTi B3HII B HanpsMmky 1ii cuil pizaHHs, 10 € pe3epBOM
JUISL TABUIIEHHSI MPOAYKTUBHOCTI Pi3aHHS HIISAXOM 30UIBIICHHSIM 00’€My MeTally,
1o 3pizaeTbes. Ha 6a3i 3anpomonoBanoi metoosorii Ta cuctemu KAPBII ctBopeno
HOBHI METOJ] CUCTEMHOI PO3pOoOKH 301pHUX BiAPI3HUX 1 KaHaBKOBUX pi3wiB Ta b3HII
st ix  ocHameHHsa. s po3podku  HoBux B3HII Bukopucrano meron
MOP(}OJIOTIYHOTO aHali3y, B AKOMY BUAUIEHO 17 MOp(OIOTiYHMX O3HAK IJIACTHH Ta
BU3HAYEHO MOJKJIMBI BaplaHTU iX BUKOHAHHS IUISIXOM CKIJIAJI@aHHA Ta PO3KPUTTS
MOp(hOJIOriuHUX MaTpHUilb B pe3ynbrari aHami3y BHepIiIe BHUIICHO: IipaminajibHi,
KyOiuHi 1 koHiuHi BukoHaHHs B3HII, mo HalOUIBII JOIIIBLHO MJI HAATBEPIUX
matepiamB. [lokazano, mo st b3HII 13 TBepaux crutaBiB OUIbLI TOLUIBHI BapiaHTH
IJIACTUH, Y SKUX BHKOHAHO: PaaiyCHI BHWIMKH, OJHOCTOPOHHI JIMCKH, a0o
JIBOCTOPOHHI1 JINCKU Ha 000X rpansx, mo ¢opmyroTs pedpa B3HIIL. Kinbkicth Takux
BapianTiB nocsrae 19. Yci B3HII MoxyTh MaT HeHTpadbHUN OTBIp AJIA iX OIYHOTO
KpIIJIEHHS, 110 TOJIBOIOE KUIbKICTh BapiaHTiB 3 19 no 38. Ycboro, 3a paxyHoK
BIIPOBA/DKCHHSI PO3POOJICHMX METOAIB TMPOCKTYBaHHS IUIACTHH, CTBOPEHO Ta
3aXUIEHO TaTreHTamMu ToHaJ 90 KiHIEBUX pillleHb HAa PIBHI BHUHAXOIB, IO
MiATBEPANIO €EKTUBHICTh JAHOTO METO/TY.

YV uemeepmomy po30ini BUKOHAHO PO3POOKY Ta AOCIHIHKEHHS MPOMOHOBAHUX
B3HII Ta ix 3aroroBok. B iX OCHOBY MOKJIaaeHO MPUHIUI 3HUKEHHS COOIBAPTOCTI
BUPOOHUIITBA IISIXOM 3MEHILICHHS 00’ €My MPUITYCKY 1HCTPYMEHTAIBLHOTO MaTepialy,
0 BUJAISETHCS TPHU JOJNATKOBIM 3artouri. Po3pobrneno cxemu ¢GopMmyBaHHS 1
OTpUMaH1 MaTe€MaTUYHI BUPaA3H ISl PO3PAXYHKY LILOIO MPUIYCKY MPU 3aTOYyBaHHI
B3HII no mepexaniit abo 3anniii moBepxusx. [lokazano, mo momt S, 3aTO4yBaHHS
30UIBIIYIOThCSL afiekBaTHO KiuibkocTi n peOp B3HII Ta paniycy p npu ix BepiiuHi.
3okpema, 31 30umbmenHasM p 3 0,2 1o 2,4 MM IUIOIIa 3aTOYYyBaHHS 3pOCTaE 3a
KBaJPaTUYHOIO 3aIexHicTIO (max 12° = 144 pasu). Buxigna mroma B3HII 3pocrae 3
poctoM KyTa ¢ nipu BepimHi. Akio 3a 100% mpuitasato nucku tpurpannoi b3HIT 3
HaWMEHIITUM CTaHJAPTHUM JiaMeTpoM BIIMCAHOT'O KoJa d, =
= 9,525 mm, T0 TIpU d, = 12,70 MM, 15,875 mm, 19,05 mm, 22,20 MM iX dacTka
3MEHIIYETHCA 3a KBaJPATUYHOIO 3aJI€KHICTIO 3T1IHO CIIBBIIHOIIEHHS (PaKTUYHOTO d,
1o BuximHOTO d, = 9,525 Mmm. IlokazaHo, 1m0 Mpu IIbOMY 3aTOYKA JIMCOK MOYJIHBA

TUIBKM Anig  TpurpanHux 1 pomOiunux B3HIL. JloBeneno, mio mnepeBaramu



JIBOCTOPOHHBOT 3aTOYKM MpPHU OJHAKOBHX po3Mipax cTpiuok f"= f ta h" = h, e
1) 30unbLIEHHS paniycy p" Ha BepuIMHax 3arotoBku Ha 37 ... 63% B 3alneXKHOCTI Bij
KyTa & MPY BEPIUIMHI IIACTUHM; 2) 3MEHIICHHS KyTa pizanus f < 90°. JloBeaeHo, 1o
3aTo4yBaHHs AyroBux BUIMOK Ha BepmmHax B3HII moaBoroe KinbKICTh pi3ajibHUX
KPOMOK, 1[0 € iX CYTT€BOIO IepeBaroro. HalOinpin npocTuil BapiaHT HOro BUKOHAHHS
— 3a JOyrow Koyia paaiycom r,. Bubip r, BuMarae po3B’s3aHHa 2-X 3amad: 1)
3a0e3reyeHHs] HeOOXiTHUX YMOB (POPMYBAHHS 1 CXOIy CTPYXKKH; 2) 3a0e3MeUeHHS
MaKCUMaJIbHO MOXJIMBOI MimHOCTI y niepetuHi B3HII Ta 1i pi3anbHHX KpOMOK, IO
CTBOPIOE TEXHIYHE MPOTHUPIYYS, SIKE YCYHYTO Ha IMOJAJIBIIOMY €Talll JOCTIIKEHb.
Po3B’si3anns 1-1 3amaui 3a0e3nedeHo 30uabieHHAM posmipiB B3HII, 2-i 3amaui —
JOTUKOM BIIMCAHOTO KOJa 3 OIYHMMHU TpaHsSMHU Ta AyroBumu 3amaguHamu B3HII
3TiJHO OTPUMAHUX MaTEeMaTUYHUX 3aiexxHocTed. [lokazaHo, 1110 BUKOHAHHS BHUIMOK
3a OJIHOPaAlyCHOI JyTOK F», MOXE MPUBECTH 1O 3HOCY ii MApHOI BEPIIMHU
CTPYKKOIO, IO Jla€ TIO3UTHBHUM e€(eKT camMo3aTO4yBaHHS, aje 1€ SBHILE
HEJOMYCTUME IPU HAHECEHHI Ha I TMOBEPXHIO 3HOCOCTIMKHUX MNOKPUTTIB. Iy
YCYHEHHS JIaHOTO HEOJIKY 3alpONOHOBAHO JBOXPAJAlyCHY AYyroBy (hOpMy BHIMOK,
III0 YTBOPIOE B CEPEIMHI CTPYKKOBIABIAHMIA BUCTYI 3 KyToM & = 1...2° i He momyckae
KOHTAKTy CTPYXKHU 3 MPOTHIJICKHOIO BEPIINHOW. [ 3MEHIIIEHHS 00’ €My MPUITYCKY
Ha JI0JJaTKOBY 3aTO4YKy 3anpornoHoBaHo 3arotoBku B3HII, y axux Ha nuckax, abo Ha
O01uHMX TpaHsX c(HOPMOBAHO JYTOBI BUCTYIH-BYIIKAa MIHIMaabHOTO pajiycy 7, IO
JIOPIBHIOE TTIOYATKOBOMY PaiyCy p CIOJy4YeHHsI O1YHUX rpaHel rmiacTuHu. Bennuuny
paaiycy p > 0,2 MM oOpaHO B MeXax iX CTaHAAPTHUX 3HAYEHb 33 YMOBAMH
30LIBIIEHHS] JIOBFOBIYHOCTI Ta MINHOCTI poOOTH mpecopM il BUTOTOBIICHHS
B3HII. Tlokazano, mo 3 TpbOX 3alpPOIIOHOBAHMX BApIAHTIB BUKOHAHHS BUCTYIIIB,
HANUOUIbII JOLUIBHUM BU3HAHO iX 30BHIIIHE PO3TALIYBaHHS HA MPSAMOIHIMHIA JUTSHII
B3HII, sxe n03BONMIO 3acTOCYBaTH IUTACKUWA KPYT, CIPOCTHIIO WMOTO TPABKY 1
30UIBIIMIIO 1X KUIBKICTh B MeXkax anmaszHoro mapy. [lo3moBxkHs mnomaya Kpyry
PO3MOIINIIA 3HOC HAa BCIO HOTO MOBEPXHIO 1 30UTbIIMIA MPOAYKTHBHICTH MPOIIECY
3arouyBaHHs. [lokazano, mo ansa 6iynux noBepxonb B3HII HalO1IbII TEXHOIOTTYHI
€ TIOHYTPEeHHS YBITHYTOI cdepuynoi, abo KOHIYHOI (HOpMH, 3 BHUKOHAHHSIM
3QJIMIIKOBUX BUCTYIIB Af, OCKUIbKM BOHHM 30UIBIIYIOTH 00'€eM MaTepially, 10

3HOMIYXThCS, TIPH OJHAKOBIM BEIWYUHI JIHIHOTO 3HOCY A/ 1 TOMIMITYIOTH YMOBH



po3noauly Termia. B macoBoMy BUPOOHMUTBI iX BHKOHYIOTh IIPECYBAHHSM, B
THIMBITyJIbBHOMY 1 Ip1OHOCEPIMHOMY — NUTI(yBaHHSM.

YV n’amomy po30ini BUKOHAHO 3alPOIIOHOBAHO CHUCTEMHE IPOEKTYBAHHS
JUCKOBUX BiJIpi3HUX 1 KaHaBkoBuX (pe3 13 B3HII 1 mpoBeaeHo iX aoCHimKeHHS.
JloBeieHO, 110 HaNOLIBII MEePCHEKTHBHOIO ISl 3MEHILIEHHS IUPUHHU PO3MIIIOBAHHS
3aroToBokK € 01uHe kpiruieHHss B3HII B rHi311 Ha KOpIyci AUCKOBOT (Gpe3Hu.

[IpencraBneHo KOHCTpPYKIli po3poOneHnx 30ipHuX auckoBux ¢pe3 3 B3HII,
3aXMINEHMX naTeHTamu. 1X 3y6usmu € B3HII pom6iunoi GopMu TOBIIMHOIO s O€3
3aJHIX KyTiB, SIKI BCTAHOBJEHO HA TOPLSX KOPIYCY B JIBUX 1 MpaBHX IMa3ax, a
TJIACTUHU BUKOHAHO 3 JIMCKaMH, a00 JYTrOBHUMH BUIMKaMHU Ha TOCTPUX BEpIIMHAX. 3a
pPaxyHOK MEepeKpUTTs 3BepHEeHNX ojHa 10 oaHoi b3HII, chopmoBano mmpuny dpesu
H <2s. Kpinnenns B3HII 3mpilicHeHo mo iX IEHTpajdbHUM OTBOpax 3 (HacKolo
IBUHTaMH, 3 YIIOPOM OCHOBH IIJIJACTUH B OCHOBM Ia3iB Ta B iX Oi14HI CTOPOHH, 3a
PaxyHOK 3MIIIEHHs (EKCIICHTPUCHUTETY) OCEH, BUKOHAHHUX B KOPITyCl pPi3hbOOBHX
OTBOPIB Mij] TBUHTH, Ta OTBOPIB IIacTUH. Jlis cuil pi3aHHS IpU LOMY 3abe3reuye
nputuck b3HII go 6iuHo1 cTroponu nasa. it po3milieHHs 1 BIABEACHHS CTPYKKHU Bij
NepeHbOI MOBEpPXHI 3yOLiB, Ha 30BHINIHBOMY JlIaMETpPl KOPIYCY BHUKOHAHO
CTPYXKOBI KaHaBKH, SIKI CIPSMOBAHO J0 OiYHOI CTOPOHM TUTACTHH. METOOJIOTiI0
OpOEeKTyBaHHS (pe3 3a pO3pOOJECHUMH CHCTEMHMMH MPUHIUIAMH TIOB’S3aHO 3
nepeOupaHHAM MOXJIMBUX BaplaHTIB BUKOHaHHsS nporoHoBanux B3HII ta BapiaHTiB
iX KpiluleHHSs B THI3Aax Kopmycy. B 1i OCHOBY TakoX TMOKIAACHO METOJ
Mop(doioriyHoro aHamizy, B SKOMYy MOP(OJIOTIYHMMH O3HaKaMH € PO3pOOJIeHI
BapianTu BukoHaHHs bB3HII. Ha 0a31 BuKOHaHUX pPO3POOOK BUTOTOBJICHO 1
BUIIPOOYBAHO Y BUPOOHUYUX YMOBax AWCKOBI Binpi3Hi (ppe3u 13 3aTtuckanusm bB3HII
KJIIMHOBUMHU MPUTUCKaYyaMU Ta €KCUEHTpUKOBUMH rBuHTamu. Buxonanus bB3HII, siki
PEKOMEHJIOBAaHO /10 BHUKOPUCTAaHHA: B OJMHUYHOMY Ta JIpiOHOCEpIMHOMY
BHPOOHUITBI — poMGiuHi 3 kyTom 80° i jmMcCKamu, y MacoBOMYy — KBaJIpaTHi 3
BUJIQJICHUMHU BYIIKaAaMU 1 3 AYroBUMHU BUIMKaMu. [IOpIBHSHHS IIMPHHH MPOPI3y
301pHux ctanaaptHux ¢pe3 3 P3HII 1 npononoanux 3 B3HII nmokasano, mo BoHa
3meHmyerbess 3 10 mo 6 mm, a nepepi3 B3HII y HampsmMky aii cui pi3aHHS
30UIBIIYETHCS 10 iX MUPUHU, TOMY 3pocTae 3 3,18 1 6,35 mm y Bimomux P3HII, no 8,1

10 19,3 mm y nponiornoanux b3HII. Ile Bene 10 301UIbIIeHHS MIITHOCTI 1 )KOPCTKOCTI



3yOIiB AaHWX (pe3, MO € Pe3epBOM IS POCTY iX MPOMYKTUBHOCTI. Po3pobieHo
CHUCTEMY JOCHI/DKCHHS HaBaHTAXCHHS KOPIYCYy MPOMOHOBAHUX KOHCTPYKIIN
JTUCKOBUX BIJIpiI3HMX (pe3 Ha 0a3l METOAYy CKIHYEHHUX €JIEMEHTiB. PO3BHUTOK
KOHCTPYKTMBHOTO BHUKOHAHHS JUCKOBHUX (hpe3 IMOB'A3aHO 3 MEPEXOJ0M 10 Ma30BUX
TPUCTOPOHHIX, IS Pi3HOI IHMpUHU OOpoOIoBaHMX masiB. /s mporo Tpu, abo
oinpiny kumbkictb B3HIT BcTaHOBMIOIOTE Midk COOOI0 B IIaXOBOMY MOPSAIKY. Takum
YMHOM OXOIUIEHO YBECh MOJKJIMBUN [1alla30H pO3MIpIB IIUPUHU JUCKOBUX,
KaHABKOBHUX 1 IPOPI3HUX (pe3.

Hlocmuii po30in MPUCBAYCHO CHCTEMHOMY NPOEKTYBaHHsS TOPLEBUX (pe3 Ta
KUIBIIEBUX CBEPJIEN 1 BUKOHAHO X JociiKeHHs. [lokazaHo. 110 3amMiHa KBaJpaTHUX
3HII y yopHOBHuX 0a30Bux ¢pe3 Ha 3anareHToBaH1 pomOiuHi B3HII 3 kyToM npodito
80° i 3aTOYKOIO JIMCOK HAa BEPIIMHAX 3 PaIiyCOM CIIOJYyUYCHHS Pi3albHUX KPOMOK <
0,01 MM mneperBoproe 4HOpHOBY (pe3y y yucToBY. OKpIM POMOIYHHX MOKIIMBA
ycTaHoBka ycix iHmux BukoHanb B3HII, po3pobrmenux B posnuni 3. dpesa mae
kopnyc Ta b3HII Tpurpannoi Gopmu, siki BCTAHOBJIEHO y MMa3u HA 30BHINIHIN O14HIMI
noBepxHi kopmycy. OnopHa noBepxHs na3y 3abesneuye ycraHoBky B3HII 3 Giuanm
3aIHIM KyTOM Olgiy = 1,5 ... 2,5°, a MOJOBKHS ONOpHa MOoBepXHst 4 i GiuHy CTOPOHY
IUTACTUHU PO3TAIlOBaHA MiA KYTOM J,. 10 oci ¢pe3u. Kpimnenns B3HII moxnuse
IBUHTOM 3 KOHIYHOIO TOJIBKOIO, IO KOHTakTye 3 (ackoro otBopy B3HII mpwu
3MIIIEHHI OC1 Hapi3HOrO OTBOPY MiJ TBUHT N0 omopu, abo mo mrtudrtiB. s
3MEHIIEHHS 3HOCY MTU(TIB MOBEPXHS Ha 1X TOJIBIII 301JIbIIICHA BUKOHAHHSM JIHCOK.
MosxnuBa Takox ycraHoBka B3HII oTtBopoM Ha mTHU(T 1 3aTUCK ii TBUHTOM 3
EKCIEHTPUYHOIO TIOBEPXHEI0, BEKTOP CHIIM 3aTSDKKH SIKOT IEPEeTUHAE MOBEPXHI 1HIITUX
onop. IlokazaHo, Mo nojaJblIMii PO3BUTOK 3aIPOIIOHOBAHUX KOHCTPYKILIM ¢pe3 1
HOBHX CHOCO0IB X BUKOPUCTAHHS OB S3aHO 3 MOXKJIMBICTIO Je€(OPMYIOU0i YHCTOBOT
0o0poOku BupoOIB. [l 1pOoro JoctatHbo 0a3oBy (¢pe3y o0epratd MNpPOTH
TOJUHHUKOBOI CTPUIKH, a MOJady BUKOHATH B HAMPSIMKY BHXITHOTO 33JHBOTO KyTa.
HaiiGinpmr epekTuBHUM B JaHOMY BUNAAKY € BUKopucTaHHs kpyriux 3HII, ski
3a0e3meuyoTh JAeQOopMyBaHHS B OyIb-IKOMY HalpsiMKy oOepTaHHS (Qpe3u.
HactynmHum BapianTamu po3BUTKY (pe3 € 0OJHOYACHE TOE€THAHHS Ha HUX Pi3albHUX
B3HII 1 nedopmyrounx 3HII y 2-x BapiaHTax iX ycTaHOBKH: 1) "yepryBaHHI OJiHA 3a

OJTHOIO TIOCJIIIOBHO, II0 3MEHIIYE KIJIBKICTh pi3aJIbHUX IUIACTHH Ha JiameTpi dpesu;



2) HakmaJeHI OJHA HA OJHY, IO J03BOJSE 30€perTh iX MOYATKOBY KITBKICTb.
[lokazaHo, 1O MOXJIMBA 3aMiHa 2-X HAKJIAJHUX IUJIACTUH Ha OJHY pi3alibHO-
nedopMyrody, y K01 Ha MOJOBHHI TOBIIMHU OIYHUX peOp Y BEPIIMH BUKOHAHI JINCKU
3 KyroM Haxwiy 15 ... 30°, abo ayrosi BHiMKH, a Ha JPYTUil MOJOBHHI 30€peXKeHui
paniyc okpyrieHHs BepmuH crannaptHux 3HIIL. Jlns 306ipHUX KUTBIIEBUX CBEpAET 3
B3HIT 0co0anBOCTI X CUCTEMHOTO MPOEKTYBAHHSI MOB’A3aHO 3 O1YHOIO YCTaHOBKOIO
IUIACTHH 1 3MEHIICHHSIM JiaMeTpy CBepaiiHHA. ba3oBuMH MpUITHITO MPOMOHOBAHI
B3HII 3 nuckamum abo BUIMKAaMHM Ha BEpIIMHAX, KUIbKICTb BUKOHAHHS SIKHX
MOJIBOIOETHCS JISl TUIACTUH 3 oTBOpamu. OJHAK MPH KOHCTPYIOBaHHI CBEpEN IUX
JaHUX JUIsl TpOBeACHHS MOpP(OJOriYHOrO0 aHajizy HeAOCTaTHhO, TOMY OyJio
BUKOpHCTaHO po3pobneHy cucremy KAPBII. B ocHoBy po3poOku mokiaaeHo
KOHCTPYKIIiI0 TOP1eBOi (hpe3u 3 O1unumM kpimwieHHsM b3HII, sky moxkHa Bukopucrartu
JUI KUIbLIEBOIO CBEPJUIIHHS JIMCTOBOIO MAaTepiajly TOBIIMHOK 10 2 MM. 3TIJHO
cuctemi KAPBII pany 3amauy posaiieHo Ha 2 migzagadi, SKi I[OKa3aid, IO
0OMEKEeHHS TTTUOMHY CBEPUTIHHS 0a30BOI0 (Ppe30r0 MOB’S3aHO 3 OIYHUM KPITUICHHAM
B3HII no xopmycy. Ycynyrtu neid Hemomdik go3Bosisge: 1) posmimenns b3HII na
7000BIHM KIJBLIEBIH TOBEpXHI cBepaiia, 2) nmapHe kpimwienHs B3HII, mo mpopizaroTh
KaHaBKHU 110 30BHIIIHHOMY 1 BHYTPIIIHHOMY JlIaMeTpaM CBEPUTIHHS MPH y3ToKEHH1
iX po3MipiB, HapaMeTPiB YCTAHOBKH 1 AlaMeTpy CBEpAJIIHHS. [[1s KUTbLIeBOTO cBEpAia
OCHAILIEHOT'O JIBOMa MapaMu 30BHIIIHIX 1 BHyTpimHIX pomoOiunux B3HII na 6a31 3HII
T'OCT 19056-80 3 xyrom mpodiaro 80°, MiHIMaIbHUM 30BHIIIHIN JiaMeTp CBEPTIHHS
3a0€3MeYeH0 3a YMOBHM MEPEKPUTTS CIIAIB pi3aHHA [ApHUMHU IUIacTUHaMu. Jnd
pPO3paxyHKy T€OMETPHUYHUX MMapaMeTpiB MPOMOHOBAHMX CBEpAEN Ta IUIACTHH Ui iX
OCHAlIEHHs PpO3pOOJIEHO BIAMNOBIIHE aHaMTHU4YHE 3abe3nedeHHs. llokazanHo, w010
MIHIMaJIbHUM  JiaMeTp CBEPIUIIHHS 3alpOTNOHOBAHUMH 301pHUMHU  CBEpIUIAMH
cTaHOBUTHh 11,8 MM, a MakCUMaJbHHHA AlaMeTp HE Mae OOMEXKEHb 1 BHU3HAYAETHCS
mumie po3mipamu Ta KiutbkicTio B3HIL. Yci po3pobiieni KOHCTpyKIliid cBepien Ta
B3HII 3axumeno nmarentamu. [lokazaHo, 10 BOHM MarOTh BHUCOKY pPO3PaXyHKOBY
MIIHICTh, )KOPCTKICTh, TOUHICTh 1 Mpale3laTHICTh. [0JIIBKY CBepjasia 3 JlaMeTpoM
cBepmIiHHA D', = 28 MM OyJlO BUTOTOBJEHO 1 BHIPOOYBAaHO 3 MO3UTUBHUMU
pe3ysbTaTamMu. 3arnporoOHOBaHI KOHCTPYKIII (POPMYIOTh HOBUM HAIPSIMOK PO3POOKH

kibLeBux ceepaen Ta bB3HII nns ix ocHameHHs.



B cvomomy po30ini po3TIASHYTO THTAHHS BUPOOHWIITBA Ta EKCIUTyaTarlii
po3pobnenux iHcTpyMeHTiB Ta B3HII nist ix ocHallieHHs 1 MPOBEAEHO 1X JOCIIIKEHHS,
BUKJIQICHO OCHOBHI MNPUHIMIK 1 METOIM iX MPOBEIEHHS, OMHCAHO BUKOPUCTAHE
oOnaiHaHHs, anaparypy, NPUCTPOi Ta 0OpoOIIIOBAIBLHI MaTepiaiy, BUMIPIOBAJIbHI Ta
pizanbHi 1HCTpyMeHTHU. [IpUBeIeHO METOIUKH OIIHKKA CTaTHMYHOI KOPCTKOCTI Pi3IIiB
Ta 1HIIUX IHCTPYMEHTIB, BUSHAUEHHS Y HUX PAIIOHAIBHOTO MEPEIHBOTO )y 1 33 IHHOTO
o. KyTiB. Ha Bcix eTamax JIOCHIIPKeHHS] BAKOHAHO 00OpOOKY €KCIIEpUMEHTATBHUX JaHUX
13 3aCTOCYBaHHSIM METOJIIB MAaT€MaTHU4HOI CTAaTUCTUKH. JlOCHiKEHHS pPO3MIpHO-
MacOBUX MOKa3HUKIB Bigomux 1 mponoHoBanux b3HII mokaszanu, mo 3a BUTpaTamu
IHCTPYMEHTAJILHOTO MaTepialy BOHM nocTynaroThes miactunam Q—Cut 1 CoroCut 2,
ase MarwTh y 3-6 pas3iB OUIbLIY KUIBKICTh pPI3aJbHUX KPOMOK. Y TMOpPIBHSHHI 3
mactuHamu CoroCut 3, MultiCut-4, PentaCut, BoHM MarOTh MepeBarv 3a BUTPATOIO
IHCTPYMEHTAJIBHOTO MaTepiaiy 13a AlaMeTpOM BIAPI3KU, OCKUIBKU 30UIBIIYIOTh HOTO
36 MM 110 24 mm g B3HII 3 nuckamu, Tta 10 19,5 mm ans B3HIT 3 gyroBumu
BUIMKaMU Ha BepiinHax. BumiproBanHsMu nedopmarltii ToJiBKU pi3isd BCTAHOBIIEHO,
0 TIepeBaru Mae cxema, Ji¢ MPUTHCKAy Ji€ MO MeHTpalbHid oci rHizga. Ilig yac
BUKOHAHHS BUMPOOYBaHb pPO3pOOJEHUMHU THCTPYMEHTaMH BUKOHYBAJIM BUIU POOIT, 3a
TUMH K yMOBaMH 1 PEKHUMaMH, 3a SIKUX EKCIUIyaTyloTh 0a30Bl 1HCTPYMEHTH, 1
poOunu BHUCHOBOK Mpo iX mpaue3aatHictb. [ledopmarii po3pobieHuX BiIpiZHUX
pI3LIB BHUMIPIOBAJIM E€KCINEPUMEHTAJIbHO 1 PO3PAXyHKaMH 3a METOJOM CKIHYEHUX
eneMmeHTiB. [lokazaHo, MO A1 IUCKOBUX 1 TOPUEBUX (pe3 Ta KIIbLEBUX CBEPIET B
1HAMBITyaTbHOMY BUPOOHUIITBI HAWOLIBII moriabHUMU € poMOiuHi B3HII 3 kyToMm
npodimo 80°. B mMacoBoMy BHPOOHHMIITBI, MPH MPECYBaHHI 30BHINIHIX BUCTYIIiB-
BYLIOK pajJlyCy » Ha 3aroTOBKax, HAWOUIbII JOLUIbHI KBaJpaTHI IUJIACTUHMU.
Hocnimxennss nedopmariii quckoBux (pe3 Big Jii cuil pi3aHHS 3IIHCHEHO TIO
aHaJIOT1l 3 PI3ISIMH, EKCIEPUMEHTAIBHO 1 pO3paxyHKaMH 3a METOJOM CKIHYEHHX
€JIEMEHTIB.

Knrouosi cnosa: 30ipHI pi3alibHI 1HCTPYMEHTH, O14HI 3MiHHI HEINepeTO4YyBaHI

MJIACTUHU, MOP(HOJIOTTYHUM aHaI13, METO0JIOT1s MPOEKTYBaHHS.
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ABSTRACT

V.O. Nastasenko Design of assembled cut-off tools with Ilateral
unresharpenable plates by means of the morphological approach. — Qualifying
scientific work as a manuscript.

A thesis for a degree of Doctor of Engineering in the speciality 05.03.01 —
Machining processes, machines and tools. - Kherson State Maritime Academy of the
Ministry of Education and Science of Ukraine, Kherson, 2019. - National Technical
University "Kharkiv Polytechnic Institute" of the Ministry of Education and Science
of Ukraine, Kharkiv, 2019.

The introduction provides the justification of the choice of the research topic,
formulates the purpose, objectives and describes the research methods. The scientific
novelty and practical significance of the obtained results are formulated. The data on
approbation of results of the dissertation are given, the publications reflecting its
contents are listed, the information on the personal contribution of the doctoral
candidate is presented.

The first section reviews the development of advanced assembled cutting tools
with mechanical fastening of replaceable unresharpenable plates (RUPs) and the
problems of developing a methodology for their design. It is shown that the transition
to tools equipped with RUPs is explained by their advantages, namely: improving the
quality, accuracy and productivity of the product processing, the conditions of
production of tools with RUPs with increasing their durability and reliability,
improving the conditions of chips removal, unification and reduction of nomenclature
and standard sizes of RUPs and tool housings for their repeated use and expansion of
types and areas of their application. The example of cut-off tools show that the RUPs
have two installation options: 1) lateral mounting of three-, four-, and five-edged
special-design RUPs - from the side with a screw to a cutter head; 2) lateral RUP
installation with one or two cutting edges in the head socket, with their mounting on
top with elastic or overhead screw clamps. It is shown that the disadvantage of the
first scheme is the small cutting radius (6... 10 mm), the disadvantage of the second
scheme is the small number (1... 2) of the cutting edges of plates. To eliminate these
shortcomings, it is necessary to look for new technical solutions, which in most cases

have the level of inventions, which complicates their creation within the large number



of previously known ones. Such search is most effective when developing a
methodology based on system methods, so they require detailed analysis and further
refinement.

It is also shown that similar RUPs with radial mounting are used in interlocking
side milling cutters, which increases the width of the slot to a size that is 10... 15%
larger than the RUP width. Another disadvantage of the known cutters is the relative
complexity of the installation and mechanical fastening of RUPs on the housing. For
end cutters, on the example of the milling cutter of the Sestroretsk tool-making plant
with lateral RUP mounting for side cutting, their disadvantage is shown to be the
inability to perform a fine and semi-fine machining of the plane that is connected to a
joggle, since under the lateral installation of the standard RUPs their outside radius is
> (0.2 mm, which does not allow to cut off the allowance of less than 0.5

For annular drills, it is shown that the disadvantages of the known designs are
the radial RUP installation, which increases the width of the annular slot and limits
the minimum diameter of drilling by 70 mm (for annular drills by Sandvik Coromant
with a hard alloy RUPs the minimum diameter is 120 mm). System methods for
finding new technical solutions are analyzed and the most promising ones are shown
to be: algorithm and theory of solution of inventive problems (ASIP); general
heuristic method; morphological analysis and synthesis; cost-effectiveness analysis
(CEA); function-oriented technology (FOT). System methods in the design of cutting
tools are not widely used, which induces the tasks for their further research, solved in
the performed work.

In the second section, based on the main known system methods of finding new
technical solutions, the substantiation of the proposed method of designing cutting
tools with mechanical RUP fastening and methods of their research is performed. It is
based on the principles of FOT. It is shown that RUPs and cutting tools require
refinement, since FOT does not take into account the entire life cycle of products, but
only two its components - production and operation. It is proved that a complete cycle
should have 2 more pairs of interrelated additional stages, namely: design and
construction, as well as repair and disposal. One of the achievements of the proposed
methodology is to take into account the real needs of society, the technical and

economic state of its development on the basis of the levels of development of the



macro systems constituting it, namely: 1) consumption, 2) economics, 3) science, 4)
technology, 5) production.

As part of the implementation of the obtained results, the scheme of artificial
intelligence, as a process of thinking, in the form of a combination of waves and
frequency pulses and their binary codes, was proposed for mounting elements of the
cutting tool plates, which made it possible to find new solutions. Based on the
developed systems and the original version of FOT, the process of creating new
technology 1s proposed to be developed to a general system - integrated algorithmic
development and production (IADP). The purpose of IADP is problem design based
on system methods that reduce the inertia of the designer's thinking. To do this, a
step-by-step process for selecting and posing a problem is organized, covering all
stages of the life cycle of technological items.

In the third section, taking into account the previously obtained results, the
implementation of system design of cut-off tools equipped with RUPs is proposed.
According to the preliminary stages of structural analysis, three variants of RUP
installation were identified: a) radial, b) tangential, c) lateral; the latter is divided into 2
types of schemes: 1) lateral RUP mounting, 2) lateral RUP installation. On their basis
an integrated variant of plate installation is developed, which closes all three planes of
the general structure in the form of a cube faces. This characterizes these three options
as a single system and makes it complete. However, RUPs of radial installation cannot
be used in tangential or lateral installation, since the considerable radius 7 of their tops
significantly impairs the conditions for cutting the chip root. Thus, these RUPs are not
interchangeable, so it is proposed to divide them into: radial (RRUP) with cutting
edges on the ribs of wide faces; tangential (TRUP) with cutting edges on the ribs of
wide and narrow faces; and lateral (LRUP) with cutting edges on the ends of narrow
faces.

In this case LRUPs are mounted on their narrow face in the normal plane to the
main surface and to cutting surface and cut by means of cutting edges formed on the
ribs of their narrow faces. To eliminate the radius » on the ribs of the basic RUPs, it is
suggested that after pressing process, an additional sharpening of flattened surfaces m
or the arc grooves of the radius r,, which reduces the transient radius area from r >

0.2 mm to the value of r < 0.01 mm. When sharpening the flattened surfaces that



form the front surface of LRUPs, it is possible to optimize their parameters. In
addition to reducing the width of the slotted grooves, the advantages of the proposed
LRUPs are: simplicity of their shape, increase in the number of cutting edges,
thickness of the cross-section and the strength of LRUPs in the direction of the action
of the cutting forces, which is a reserve for improving the cutting performance by
increasing the volume of cutting metal. Based on the proposed methodology and
system of IADP, a new method of system development of assembled cut-off tool and
groove cutters and LRUPs for their equipping was created. The method of
morphological analysis was used for the development of new LRUPs, in which 17
morphological features of the plates were identified and possible variants of their
production by creation and expanding of the morphological matrices were identified.
For the first time, as a result of the analysis, pyramidal, cubic and conical versions of
LRUPs were identified, which is most appropriate for superhard materials. It is
shown that for LRUPs made of hard alloys more appropriate variants of the plates are
those made with: radial grooves, unilateral flattened surfaces, or bilateral flattened
surfaces on both faces forming the edges of LRUPs. The number of such variants
reaches 19. All LRUPs can have a central opening for their lateral mounting, which
doubles the number of variants from 19 to 38. In total, due to the implementation of
the developed methods of design of plates, more than 90 final designs at the level of
inventions have been created and protected by patents, which proved the efficiency of
this method.

The fourth section elaborates and studies the proposed LRUPs and their
unmachined pieces. They are based on the principle of reducing the cost of
production by decreasing the amount of allowance of tool material, which is removed
by additional sharpening. Formation schemes were developed and mathematical
expressions were obtained to calculate this allowance at face and top LRUPs
sharpening. It is shown that the areas of the S, sharpening increase equivalently to the
number n of LRUP ribs and the radius p at their top. In particular, with increasing of
p from 0.2 to 2.4 mm, the sharpening area increases by quadratic dependence (max
122 = 144 times). The output area of LRUPs increases with increasing the angle ¢ at
the top. If the grooves of a three-edged LRUPs with the smallest standard diameter of
the inscribed circle d, = 9.525 mm are taken as 100%, then at d, = 12.70 mm, 15.875



mm, 19.05 mm, 22.20 mm their proportion decreases by the quadratic dependence
according to the ratio of the actual d, to the original d, = 9.525 mm. It is shown that
the sharpening of the flattened surfaces is only possible for three-edged and rhombic
LRUPs. It is proved that the advantages of double-sided sharpening at the same sizes
of bands "= fand 4" = h are: 1) increasing the radius p "at the tops of the workpiece
by 37 ... 63% depending on the angle ¢ at the top of the plate; 2) reducing the cutting
angle < 90°.

It is proved that sharpening of arc grooves on the tops of LRUPs doubles the
number of cutting edges, which is their significant advantage. The simplest variant of
its implementation is by the arc of a circle with radius r,. The choice of r, requires
the solution of 2 tasks: 1) ensuring the necessary conditions for the formation and
elimination of chips; 2) ensuring the maximum possible strength in the intersection of
LRUP and its cutting edges, which creates a technical contradiction that is eliminated
at a further stage of research. Solution of the first problem is ensured by the increase
in the size of LRUPs, the second problem - by the contingence of an inscribed circle
with the lateral faces and LRUP arc grooves according to the mathematical
dependences obtained. It is shown that performing the grooves along a single-radius
arc 7, can lead to the wear of its paired top with chips, which gives a positive effect
of self-sharpening, but this phenomenon is unacceptable when applying wear-
resistant coatings to its surface. To eliminate this drawback, we propose a two-axis
arc-shaped groove, which forms in the middle a chips withdrawing cavity an angle &
= 1... 2° and does not allow the chips to contact the opposite top. To reduce the
amount of allowance for additional sharpening, LRUP workpieces are proposed,
which have, on flattened surfaces or on lateral faces, arc ear-type protrusions of
minimum radius 7, equal to the initial radius p of joining the lateral edges of the plate.
The radius value p > 0.2 mm is selected within their standard values under conditions
of increasing the longevity and durability of molds for LRUP manufacture. It is
shown that of the three proposed variants of performances, the most expedient is their
external location on a LRUP straight section, which allowed applying a flat circle,
simplified its truing and increased their number within the diamond layer.
Longitudinal filing of the circle distributed wear over its entire surface and increased

the productivity of the sharpening process. It is shown that for the lateral surfaces of



LRUPs, the most technologically advanced is the undercutting of a concave spherical
or conical shape, with the execution of residual protrusions Af, since they increase the
volume of the wear material with the same amount of linear wear A4 and improve the
conditions of heat distribution. In mass production they are performed by pressing, in
individual and small-scale - by grinding.

In the fifth section, the proposed system design of disk slitting and groove
milling cutters with LRUPs was performed and their research was conducted. It is
proved that the most promising for reducing the cut width of workpieces is the lateral
fastening of LRUPs in the socket on the disc milling cutter body. Patented designs of
interlocking side milling cutters with LRUPs are presented. Their bits are LRUPs of
rhombic shape with thickness s without relief angles, which are mounted on the ends
of the housing in the left and right grooves, and the plates are made with flattened
surfaces, or arc grooves on the points.

Due to the overlapping of interfacing LRUPs, the width of the milling cutter H
<2s i1s formed. Fastening of LRUPs is carried out on their central openings with
chamfer by means of screws, with plate base abutting against the bases of the grooves
and their lateral sides, due to the displacement (eccentricity) of the axes made in the
housing of the threaded screw holes, and the holes of the plates. The action of the
cutting forces thus provides pressing of LRUPs to the lateral side of the groove. For
placement and removal of chips from the front surface of bits, chip grooves are made
in the outer diameter of the housing, which are directed to the lateral side of the
plates. The methodology of designing milling cutters according to the developed
system principles is connected with sorting out the possible variants of
implementation of the proposed LRUPs and the variants of their mounting in the
sockets of the housing. It is also based on the method of morphological analysis, in
which morphological features are developed options for the design of LRUPs. On the
basis of the developed projects, the interlocking side milling cutters with the
clamping of LRUPs with wedges and eccentric screws were manufactured and tested
in production conditions. LRUPs designs recommended for use are as follows: in
single-piece and small-scale production - those of thombic shape with angle 80° and
flattened surfaces, in mass-production - square ones with the removed ears and with

arc grooves. Comparison of the slot width of assembled standard milling cutters with



RRUPs and those with proposed LRUPs showed that it decreases from 10 to 6 mm,
and the cross-section of LRUPs in the direction of the cutting forces increases to their
width, so it increases from 3.18 and 6.35 mm in known RRUPs, up to 8.1 and 19.3
mm in the proposed LRUPs. This leads to an increase in the strength and rigidity of
the bits of these milling cutters, which is a reserve for the growth of their
productivity. The system of investigation of the load of the housing of the proposed
designs of disc milling cutters based on the finite element method has been
developed. The development of structural design of disc milling cutters is associated
with the transition to three-edged groove ones, for different widths of grooves. To do
this, three or more LRUPs are staggered. This covers the entire width range of
interlocking side, groove and slot milling cutters.

The sixth section is devoted to the system design of end milling cutters and
annular drills and their research is performed. It i1s shown that the replacement of
square RUPs in roughing basic milling cutters with patented rhombic LRUPs with an
angle of profile 80° and sharpening of the flattened surfaces on tops with a radius of
cutting edges < 0.01 mm turns the roughing milling cutter into a finishing one. In
addition to the rhombic ones, it is possible to install all other LRUPs designs developed
in Section 3. The milling cutter has a body and three-edged LRUPs that are installed in
the grooves on the outer lateral surface of the body. The support surface of the groove
provides installation of LRUPs with a lateral relief angle ay, = 1.5 ... 2.5°, and the
longitudinal support surface 4 for the lateral side of the plate is located at an angle ¥,
to the axis of the milling cutter. Fastening of LRUPs is possible with a screw with a
conical head that contacts the chamfer of the LRUP hole when the axis of the threaded
screw hole is moved to the support, or to pins. To reduce the wear of the pins, the
surface on their heads is increased by means of flattened surfaces. It is also possible to
install LRUPs with a hole in the pin and clamp it with a screw with an eccentric
surface, the vector of the tightening force of which intersects the surfaces of other
supports.

It is shown that the further development of the proposed milling cutters designs
and new ways of their use is connected with the possibility of deforming finishing of
products. To do this, it is sufficient to rotate the basic milling cutter counterclockwise,

and make the feed in the direction of the output relief angle. The most effective in this



case is the use of round RUPs, which provide deformation in any direction of the
milling cutter rotation. The following options for the development of mills are a
simultaneous combination of cutting LRUPs and deforming RUPs in 2 variants of their
installation: 1) alternating one by one in series, which reduces the number of cutting
plates on the diameter of the milling cutter; 2) overlapping, which preserves their
original number. It is shown that it is possible to replace 2 overlapping plates with one
cutting-deforming one, which, on half of the thickness of the lateral ribs at the tops, has
flattened surfaces with a slope of 15 ... 30°, or arc grooves, and the radius of rounding
of the tops of standard RUPs is preserved on the other half. For assembled annular
drills with LRUPs, the features of their system design are associated with lateral
installation of the plates and reduction of the drilling diameter. The proposed LRUPs
with flats or grooves on the tops, the number of which 1s doubled for plates with holes,
are considered basic. However, when constructing drills, this data is not sufficient for
morphological analysis, so the developed IADP system was used. The basis of the
development is the design of end milling cutter with lateral fastening of LRUPs, which
can be used for circular drilling of sheet material up to 2 mm thick. According to the
IADP system, this task is divided into 2 subproblems, which showed that limiting the
depth of drilling with a basic milling cutter is related to the lateral fastening of LRUPs
to the housing.

This disadvantage can be eliminated by means of the following: 1) placement of
LRUPs on the front annular surface of the drill, 2) paired fastening of LRUPs, cutting
grooves on the outer and inner diameters of the drill while adjusting their sizes,
installation parameters and diameter of the drill. For the annular drill equipped with
two pairs of external and internal rhombic LRUPs based on the GOST 19056-80
RUPs with an angle of profile 80°, the minimum outer diameter of the drill is provided
under the condition that the cutting tracks are paired with even plates. To calculate the
geometric parameters of the proposed drills and plates for their equipping, appropriate
analytical support was developed. It is shown that the minimum drilling diameter of
the proposed drills is 11.8 mm, and the maximum diameter is unrestricted and is
determined only by the size and amount of LRUPs. All developed drill and LRUP
designs are patented. They are shown to have high design strength, rigidity, accuracy

and efficiency. The drill head with drill diameter D', = 28 mm was manufactured and



tested with positive results. The proposed designs form a new direction of development
of annular drills and LRUPs for their equipping.

In the seventh section the issues of production and operation of the developed
tools and LRUPs for their equipping are considered and their researches are conducted,
the basic principles and methods of their realization are outlined, the used equipment,
apparatus, devices and processing materials, measuring and cutting tools are described.
Methods of estimation of static rigidity of cutters and other tools, determination of
rational rake y and relief o angles are given. At all stages of the study, the experimental
data were processed using mathematical statistics. Studies of size and mass indicators
of known and proposed LRUPs showed that according to the cost of tool materials,
they are inferior to the plates Q-Cut and CoroCut 2, but have 3-6 times greater number
of cutting edges. Compared to CoroCut 3, MultiCut-4, PentaCut plates, they have the
advantages of tool material consumption and cutting diameter, as they increase it from
6 mm to 24 mm for LRUPs with flattened surfaces and up to 19.5 mm for LRUPs with
arc grooves on the tops. Measurements of the deformation of the cutter head revealed
that the scheme where the clamp acts on the central axis of the socket has advantages.
During the tests, the developed tools performed the types of work under the same
conditions and modes under which the basic tools are operated, and conclusions were
made about their performance. Deformations of the developed cutters were measured
experimentally and by calculations using the finite element method. It is shown that for
disc and face mills and annular drills in individual production, the most appropriate are
rhombic LRUPs with an angle of profile 80°. In mass production, when pressing the
outer ear-protrusions of radius » on the workpieces, the most appropriate are square
plates. The study of deformations of disc milling cutters from the action of cutting
forces was carried out by analogy with cutters, experimental and calculation study was
performed by the method of finite elements.

Keywords: prefabricated cutting tools, lateral replaceable unrecoverable plates,

morphological analysis, design methodology.
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