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AHAJII3 HAIIPY KXEHO-AE®OPMOBAHOI'O CTAHY HOXIB
IHPU PI3AHHI JPOTY
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AN ANALYSIS OF THE TENSELY-DEFORMED STATE
OF KNIVES IS AT CUTTING OF WIRE

Memoio cmammi € oyinka MemoOoM CKIHYEHUX eleMeHmie Napamempie npoyecy pi3anHs OPOmy HONCAMU: 3VCUNIS, PO3NOOLLY
HAnpysICceHb 6 PIdCYHUxX KPOMKAX HOXCI8. [[isi MOOeno8ants cucmemu HepyxXomuil Hide — Opim — pyxomuil Hidc 6y6 3anyueHull
npoepamnuii nakem Deform-2d. Pozensinymo 3anedicnicmo 3yculiisi pi3anns Opomy HOICAMU Gi0 NepemiyeHHsl 6epXHbO20 HOJICA.
Bcemanosneno, wo dana 3anescnicmv Hocums xapaxmep, nodibHull npoyecy npoOUSaHHs 0mMEopie Npu HUNCHUX SHAYEHHAX 3YCUTL
pizanna. Biomiuene cnienadinnsa po3nooiny HanpysiceHnb 6 6epXHbOMY MA HUNCHLOMY HONMCAX 3 XAPAKMEPOM iX 3HOULYBAHMA, WO
NniOmMEepoNCcye OOCMOBIPHICIb Pe3yTbMAMie YUCETbHO20 MOOENI0BAHHS A NPABUTbHICb 00PAHUX PO3PAXyHKO8UX cxeMm. IIposedene
NOPIGHAHHS Pe3YIbIMAMIE YUCETbHO20 MOOENO8AHHS. NPOYecy PI3aHHA Opomy HOdjiCcamu 3 pakmozpapiunumu O0CAIOHCEHHAMU
BHOWLYBAHHS BEPXHBO2O PYXOMO20 MA HUICHLO2O HEPYXOMO20 HOMICIS.

Kniouosi crnosa: piscyui kpomku, HOJCI, pi3aHHs OPOMY, HANPYHCEHO-0ePOPMOBAHULL CIAH, 3VCUNISL PI3AHHSL.

Beryn

CydJacHi yMOBH PO3BHTKY PHHKOBOi €KOHOMIKH XapaKTEPU3YIOTHCS IiJBUINCHIM ITOIUTOM Ha KOHKYPEHTHO-
CIIPOMOXHY TIPOMICIIOBY HPOMYKIII0, HA TEXHIYHO JOCKOHAJN BupoOu. Lle BuMarae cHCTEMAaTHYHOTO i MIBHIKOTO X
BIIPOBAKEHHSI Y BUPOOHHIITBO, TIiABUIIICHHS IIPOTyKTHBHOCTI Ta AKOCTi BUPOOIB.
OmHMM 3 OCHOBHHMX NDISAXiB MiABHINEHHA INPOAYKTUBHOCTI Tpari B
MeTaI000pOOHI MPOMHUCIIOBOCTI € 3aCTOCYBAaHHS XOJIOAHOTO JIUCTOBOTO
LITaMITyBaHHS — OJJHOTO 3 HaWOLIbII NPOrPECHBHUX METOMAIB OOpOOKH
MeTamiB  THCKOM. OCHOBHOIO YMOBOK PEHTaOEIBHOCTI  poOOTH
MITAaMITyBaJbHUX IEXIiB € BHUCOKAa CTIHKICTh  IITAMITyBaJbHOTO
iHCTpyMeHTy. Bin Hei B 3HauHIl Mipi 3aexaTh SKiCTh Ta COOIBapTICTh
[ITaMIIOBaHUX BHUPOOiB. 3HAUHYy 4YacTHHY omepamii 0OpoOKH THCKOM
CKJIaIal0Th PO3/INIOBI orepallii — BUpyOyBaHH:, IPOOMBaHHS, pi3aHHS Ta
THI.

Pixkyui KpOMKEM HOXIB JJs pi3aHHS OPOTY EKCIDTYaTYIOTHCS B
CKIQIHUX YyMOBaxX IMKIIYHOTO HABAaHTAXXEHHSI 3 KOHICHTPALII€0
HaIpy>KeHb Ha KpoMKax. Lli Hanpy>keHHs AOCATAIOTh 3HAUYHUX 3HAYECHB,
10 NPUBOJWTH J0 3MUHAHHSI, 3HOIIYBAaHHA Ta BUKPHIIYBaHHS KPOMOK
[1-2]. Bu3HaueHHIO pO3MOJUTy  HANpyXEeHb B PDKYYHX KPOMKax
MPHUCBSYCHA 3HAYHA KiIbKICTh poOIT [3-7]. s aHamizy HampyXeHO-
nepopmoBanoro crany (HJIC) pixyunx KpOMOK  Ta 3arOTOBKU
BHUKOPHCTOBYBAJIHMCh EKCIIEPUMEHTAIBHO-PO3PAXyHKOBI MiAXOAH, SKi
3acHOBaHI Ha MeToJl JiHi KoB3aHHs. [Ipm nbpOMY 3amUIIAETHCA
MaJIOBUBYEHHM, SIKi JIIIOTh CHJIM Ta BUHHKAIOTh HANpY)XEHHS B TIpoleci
pi3aHHS JTUCTOBUX MaTepianiB. 3 ONHIE] CTOPOHU, BBAKAIOTh ICHYBAaHHS
BHCOKHX pO3TATYIOUMX HAMpy)XeHb B o00macTi KpoMmkH [2], sKki
MIPU3BOATH 10 PYHHYBaHHS BTOMOIO, 3 IHIIO{ CTOPOHHM, BKa3yroTh [7],
o0 Ha pLKy4Yl KPOMKH [iIOTh BHCOKI HANpYXXEHHS CTHCKY, SKi
MPUBOAATH 1O IX 3MUHAHHA. 3HAHHA IMX JaHWX HEOoOXimHe Uit

PO3pOOKHM METOAIB MiABUILEHHS CTIHKOCTI PIKYYHX KPOMOK. —~
MeTo10 cTarTi € OI_[iHKa METOAOM CKIHUEHHUX €JIEMEHTIB Puc. 1. P03anyHKOBa c¢XeMa CucTeMu
ImapaMeTpiB MpOLECy PpI3aHHSA APOTY HOXKAMHU: 3YyCHILIA, PO3HOALIY HEPYXOMMIi Hizk — APIT — pyxomuii Hixk:
Harpy>XeHb B PIKYUYUX KPOMKaX HOXIB. 1 — HuokHiN (HepyXoMuii) HiK; 2 — BepxHili
Jly’e BKIMBUM € TPABUIbHUI BUGIP PO3PAXyHKOBOI CXEMH, (pyxomuii) Hix; 3 - apir
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BiJl SIKOT 3aJIe)KaTh YMCENbHI 3HAUYCHHS BEJIMYMH, 110 BU3HAYAIOTHCS, @ TAKOXK JOCTOBIPHICTH iX BH3Ha4YeHHA. B mpomy
BHIIAAKY JJIS1 MOACTIOBAaHHS CUCTEMH HEPYXOMHI HIXK — JIPIiT — pyxomuii HiX (puc.1) OyB 3aimydeHnit mporpaMHIA
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Puc. 2. Po3noain inTencuBHoCcTi Hanpy:kenb c; (MIla)

NpH pi3aHHi ApoTy

maker Deform-2d. Ilapamerpamm ansi HOCHiKEHHS
pizaHHS APOTY HOXXAMHM BHCTYIAIOTh: JiaMeTp APOTY,
piBHH# 1 MM; KoediuieHT TepTs, piBHu# 0,1; dizuxo-
MEXaHIYHI BJIACTHBOCTI Martepiajy Ta MapaMeTpu
CKIHUEHO-eJIeMeHTHOI citku. Ha xiHnesiii cramuii
mporecy pO3IiIeHHs, KOJIU BiZI0OyBa€eTHCS
pyHHYBaHHS Martepialy, NpH BHKOPHUCTAHHI JIIs
MO/IEIIIOBaHHS MeToy cKiHueHHHX eneMeHTiB (MCE)
HeoOXiTHE BBEICHHA KpHUTEpiro pyhHyBaHHsA. Ha

KIHIIEBIA cramii poriecy PpO3HiJcHHS
BHUKOPHCTOBYBAJIM KpUTEpii pyiiHyBaHHsS normalized
Cockcroft-Latham, SIKUHA nepeadadeHui B

nporpamaoMy maketi Deform—2d.

Ha ©puc. 2 npencraBieHuid po3moain
iHTeHCHUBHOCTI HampyxeHb o; (MIla) mpu pizanHi
JIpOTY.

Ha puc. 3 mnokazaHa 3aJexHICTh 3yCHIUIS
pi3aHHsl IpoTy AiamMeTpoM | MM BiJ HepeMilleHHs
BEPXHBOTO  HOXa, OTpUMaHa B  pe3yJbTari
YHCEJILHOTO MOJICTIIOBAHHSI MIPOLIECY pi3aHHS APOTY.
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Puc. 3. 3anexxnicTb 3ycHuIs pi3aHHs APOTY BiA NepeMillleHHSI BEPXHBOI'0 HOKA
(niametp apoty 1 MM, koediuient Teprs 0,1)

Bona HocHTB XapakTep, NoAiOHuH Mpolecy MpoOUBaHHS OTBOPIB MPU HMKYMX 3HAYEHHSIX 3yCHJIb pizanHs. Ha puc.
4 mperncraBieHa 3aJEXKHICTh 3yCHJUIL HAa HW)KHBOMY HOXI BIJI IIEpeMIIlleHHS BEPXHBOTO HoXa (miamerp npoty 1 mm,

koedinient reprs 0,1).

Ha puc. 5 mpeacrasneHa 3ayex-
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Ha HIKHBOMY HOXI1 BiX
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= 150 koedimient tepts 0,1.
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Puc. 4. 3anexxnicTs 3ycHJIs HA HUZKHBOMY HOZKi BijJl nepeMillleHHsI BepXHbOI0
Hoka (niametp apoty 1 MM, koediuient Tepts 0,1)

MOKPHUTTSM HiTpuaoM xpomy (HV

947) micnst 16 THC. mTamMmnoyaapis.
Ha puc. 7 HaBeneHe

MOPIBHSHHS PE3yNbTaTiB YHCENb-
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HOTO MOZETIOBAaHHS IIPOIIECY pi3aHHSA APOTy HOxamu (a) 3 (pakTorpadidHUMH HOCTiIKeH-HAMHU (0) 3HOITYBaHHS

BEPXHBOTO PyXOMOTO (3pa3ok 2 — BepxHill HiXK, BUroToBieHu# i3 craii 111X 15 3 3arapryBannsm go HV 706...733), uo
mpamtoBas 12 THC. mTaMIoyaapis.
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Puc. 5. 3ane:xxnicTh iHTEHCHBHOCTI HAIIPYKeHb G; HA HIXKHLOMY HOKi BiJl nepeMillleHHs1 BEpPXHbOI'0 HOXKA IIPH pi3aHHI
apoty aiamerpom 1 MM, koediuient Teprsa 0,1
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Puc. 6. IlopiBHSIHHS pe3yJILTATIB YMCEJbHOI0 MOJETIOBAHHS NpoLecy pi3aHHs APOTY HokaMH (a) 3 ¢ppakTorpadgiyHumMu

J0CTizKeHHSIMM (0) 3HOLIYBAHHS HUKHBOI'0 HEPYXOMOI'0 HOKa, BUr0TOBJIeHOro i3 ctaji IIIX15 3 nokpuTTsiM HiTpHaoM
xpomy (HV 947) nicas 16 Tuc. wuramnoyaapis

Po3mo1i/1 iHTEHCHBHOCTI HANPY/KREHD M0 06'eMy
pyxomoro Hozka, MlIa

375 3pa3ok 2 micas 12 Tuc.
A 188 yaapis *97
a

0
Puc. 7. ITopiBHSHHS pe3y/IbTaTiB YN CEIBLHOT0 MO/IEJIOBAHHS NpolLecy pi3aHHs APOTY HOkaMu (a) 3 ppakTorpadiuHumMu

JI0CaizKeHHSIMU (0) 3HOLIYBAHHS BEPXHBOI'0 PyX0oMoro (3pa3ok 2 — BepxHiii Hi:k, BurorosJienuii i3 craai HIX15 3
3arapryBaHuam a0 HV 706...733), mo npamoBas 12 Tuc. miTaMnoyaapis
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2000 _ , Heo6xizLHo BIZIMITUTH CIIiBIIaJaHHS
—3azop 0,1 pO3MOAINY HampyXeHb B BEPXHBOMY Ta
— — 3azop 0,2 HIDKHBOMY  HOXaXx 3. XapalfTepOM ix
6000 H 3HOIIIYBaHHS, IO MOBHICTIO MiATBEPIKYE
(o Swop 03 HOCTOBipHiCTb pe3ynLTaTiB YUCEJIBHOI'0
— - -3azop 0,4 MOJIC/TIOBAHHS Ta MPABWIBHICTH OOpaHUX

PO3paxyHKOBHX CXEM.

Takok B NporpaMHOMY IaKeTi
Deform-2d  mpoBemeHe  MOJeMOBaHHS
[POIIeCY MPOOUBAHHS KPYTJIMM ITyaHCOHOM
miamerpoM 9 mm mmctoBoi crami Crt 3
0 — TOBIIMHOIO 3 MM (TIpH PI3HUX 3HAYCHHSIX
3a30py MiK IyaHCOHOM Ta MAaTpHIEI0) 3

3ycunis, H
-+~
=
S
S

2000

0 0.5 1 L5 2 BU3HAYEHHAM 3MiHH 3yCUILIA B1JL
[epewmitenss, MM nepeMilieHHs myancony (puc. 8) [8].

Ile nmaJo MOXIHMBICTE IPOBECTH

Puc. 8. 3anexnicTs 3ycniuisi npoOMBaHHS KPYTJIAM ITyaHCOHOM TIOPiBHAHHS 3aJEKHOCTEH 3yCHIIIS pi3aHHSA

AaiameTrpom 9 MM J]I/I(ETOBO'I' craiai Ct 3 ToBmmHOMI0 3 MM (npu.pi3}mx apory (mmB. prc. 3) Ta  3ycHUs

3HAYEHHSX 3230py MiK nyaﬂcr(:;{;)rc;i )I,VIanl(l].lelO) Bi/l mepemileHHst NPOGHBAHHA OTBODiB Bil MepeMileHH

IHCTPYMEHTY.

BucHoBkn

1) Ans MomenmoBaHHS IPOLIECY Pi3aHHA OPOTY (CHCTEMa HEPyXOMUH HiXK — IPIT — pyXOMUil HiX) OyB 3aiydeHHN
nporpamuanii maket Deform-2d.

2) IMapamerpamu [yisi JOCIHIKSHHS TPOLECY Pi3aHHS IPOTY HOXKAMM BHUCTYNAIM: JiaMeTp APOTY, Koe(illieHT
TepTsl, (hi3UKO-MEXaHiuHi BIACTUBOCTI MaTepially Ta HapaMeTp CKiH4€HO-EJIEMEHTHOI CiTKH.

3) 3ayiexHICTh 3yCHUIS Pi3aHHs APOTY Bijl MEPEMIlICHHS BEPXHBOTO HOXa, OTPUMaHa B PE3yJIbTaTI YUCEIBLHOIO
MOJICIIIOBaHHS IPOIIECY pi3aHHS JAPOTY, HOCHTH XapakTep, IOAIOHMI mpolecy NpoOWBaHHS OTBOPIB NPH HIKYUX
3HAYEHHSAX 3YCHJIb Pi3aHHS.

4) BimmiveHe cHiBNaAiHHSA PO3MOIITYy HANpyKeHh B BEPXHHOMY Ta HIDKHBOMY HOXKaX 3 XapaKTepoM iX
3HONIYBaHHA, IO TOBHICTIO MiATBEPIXKYE TOCTOBIPHICTH pPE3yNbTATiB YHCEIBHOTO MOJCIIOBAaHHS Ta IPAaBHIBHICTH
00paHuX pO3paxyHKOBUX CXEM.

Anomayusn. Llenvio cmamvu Aenaemcs OyeHKa MemoOOM KOHEUHbIX JNeMEeHMO8 Napamempos Npoyecca pe3anus Npo6oLoKU
HOJMCAMU: ycunue, pacnpeoenerue HanpsadiceHull 8 pelcyuux Kpomkax Hoxcetl. s MoOenuposanus cucmembl HenOOSUNCHBITL HOKC -
NPOBONOKA - NOOBUINCHBLIL HOMNMC ObLl npusnever npozpammusiii nakem Deform-2d. Paccmompena 3aeucumocms ycunus pesku
NPOBONOKU HONCAMU OM NEPEMEUJeHUsl BEPXHE20 HOXCA. YCmAaHO08IeHo, Ymo OaHHAsL 3A8UCUMOCTb HOCUM Xapakmep, noooOHbIl
npoyeccy npooueky omeepcmutl npu 601em HU3KUX 3HaueHusx ycunutl pesku. OmmeueHo cosnadeHue pacnpeoenetius HanpsaxiceHull 8
6EPXHEM U HUICHEM HONCAX C XAPAKMEPOM UX USHAWUBAHUA, 4MO NOOmMEepHcoaem OOCMOBEPHOCHb Pe3yIbMAmos YUCIeHHO20
MOOEIUPOBAHUSL U NPABUTLHOCHIb 8bIOPAHHBIX PACUEMHbIX cxeM. IIpo6edeHo cpasHeHue pe3yibmamos YUCIeHHO20 MOOeNUPOBAHUSL
npoyecca pesKu NPOSOJIOKU HONCAMU C (Ppakmozpapuueckumu uccie008aHUAMU USHAWUBAHUS BEPXHE20 NOOBUNCHO2O U HUNICHE2O
HENnOOBUNCHO20 HOMICE.

Kuiouesvie crosa: pedicyuue KpomKu, HOXCU, pe3Ka NPOBONOKU, HANPANCEHHO-0ePOPMUPOBAHHOE COCOSAHUE, YCUTUE PE3KU.

Abstract. Purpose. The aim of the article is an estimation by the method of complete elements of parameters of process of cutting of
wire by knives: effort, to distribution of tensions in the cutting edges of knives.

Design/methodology/approach. For the design of the system a bedknife is a wire - a movable knife was attracted programmatic
package of Deform-2d. Dependence of effort of cutting of wire is considered by knives from moving of overhead knife.

Findings. It is set that this dependence takes character, similar to the holing process of opening at more subzero values of cutting
efforts. The marked coincidence of distribution of tensions is in overhead and lower knives with character of their wear that validifies
and rightness of select calculation charts results of numeral design. Conducted comparison of results of numeral design of process of
cutting of wire by knives with fractography researches of wear of overhead movable and lower bedknife.

Originality/value. The work is devoted to defining the distribution of stresses in the blades cutting edge for cutting wire, analysis of
the stress-strain state of the cutting edges of knives. This knowledge is needed to develop methods for improving the stability of
cutting edges.

Keywords: cutting edges, knives, cutting of wire, tensely-deformed state, cutting effort.
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