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3acTocyBaHHs 1HHOBAIlIMHUX PO3POOOK B TEXHOJIOTIT 0OpOOKM MartepiajiB
JT03BOJISIE PO3IIUPUTH BUKOPUCTAHHS BUCOKOSKICHUX MaTepiaiiB BUCOKOI TBEPAOCTI
B MamuHoOyayBaHHi. [lim gac ix oOpoOku, cTaHmapTHI CrOcoOM BUPOOHMIITBA
MOCTYIIOBO BUTICHSIIOTBCSI OUIBII TPOTPECUBHUMHU CTpATETisIMU, HAMPUKIIA],
00poOKa eneKTpoepo3i€ro, eIeKTpoXiMiuHa 00poOKa, yJIbTpa3ByKoBa 0OpoOKa Ta
Ja3zepHa oOpoOKa.

Enextpoeposiiina 00podka (EEO) Bkirouae B cebe KOMIUIEKCHE 3aJTy9CHHS
YUCIEHHUX (i3nyHuX saBUIl. ENeKTpuyHi ICKpU MIXK KaToAOM Ta aHOJAOM
YTBOPIOIOTh BEIUKY KIJIBKICTh TEIJIa HaJl HEBETUKOIO JAUISTHKOIO aeTaini. Matepian
JeTalli BUIANSETHCA 3aBISKM BUHUKHEHHIO DO3IUIABICHHS 1 BHUIIAPOBYBAHHSA,
BUKJIMKAHUX BHUCOKOIO TEMIIEpaTypor0 MpH OOBaJICHHI KaHAIly IUIa3MH pPO3psay.
[TapameTpu MOBEpXHEBUX IIApIB CTAJIIEBHX JETalei, TEXHIYHI Ta TEXHOJOTIYHI
XapaKTePUCTHKU TPOIECy, SAKIi BU3HAYAIOTh MEXaHI3MHU Ta pe3yJbTaTH ix
dbopMyBaHHS TOTPEOYIOTh MOJATBIINX KOMIUICKCHUX CHCTEMHHUX JOCHIIKCHb.
Po3BUTOK ysiBieHb Mpo (GOpPMYBaHHS MapaMeTpiB MOBEPXHEBUX IIAPIB CTaJEBUX
JeTajed Tpu  EJIEKTPOepOo3iiiHIA 00poOIll APOTSIHUM EJIEKTPOJIOM J03BOJUTH
MIJBUIUTH 1X EKCIUTyaTalliiiHi XapaKTePUCTUKH, 32 PaxyHOK OUIBII SKICHOTO
MIPOTHO3YBaHHA Ta KEPOBAHOTO (POPMyBaHHS 3aJaHOI MIKpOreoMeTpii Ta (i3uko-
MEXaHIYHUX BJIACTUBOCTEH.

CyKyIHICTb MPEACTABICHUX Y AMCEpTallii Pe3yNbTaTiB eKCIIEPUMEHTATbHUX

Ta TCOPCTUUHHX IIOCJ'Ii)I)KCHB CTaHOBHUTBHL HOBC BI/IpiIHeHHH aKTyaJ'IBHO'l' HAayKOBO-



TEXHIYHOI 3aJa4l MiJBUIICHHS €e(EKTUBHOCTI TEXHOJIOT1YHOro 3a0e3reueHHs
MPOTHO3YBaHHA Ta KepoBaHOro (opMyBaHHS MikporeoMeTpii Ta (i3uKo-
MEXaHIYHUX BIJIACTUBOCTEW IMOBEPXHEBUX INAPIB CTalel IMPH eNeKTPOepOo3iiHii
00pOoOIIi APOTIHUM EICKTPOJIOM.

VY 6cmyni HaBeCHO 3arabHy XapaKTePUCTUKY TUCEPTAIIHHUX JOCIIIKEHb,
iX aKTyaJapHICTh, HAyKOBYy HOBH3HY Ta TMPAKTHYHE 3HAYCHHS OTPUMAHHUX
pe3yJIbTaTiB, IMpeaMeT Ta 00’ €KT JOCIIKeHHS, cHOpMyILOBaHO METY Ta 3ajadi
HAyKOBOTO JOCTiKCHHS.

Ilepwuti po30in poOOTH NMPUCBIYEHUN aHAI3Yy CTaHy MpooOsieM Ta (haKTopiB,
0 MalTh BIUIMB Ha (OpPMYyBaHHS SKOCTI IMOBEPXOHb MPHU EIEKTPOEPO3iitHIN
o0poOI1l IpoTsiHUM eJekTpogoM. IIpoBeneHuil neTanbHUI aHali3 MapaMeTpiB
CyYaCHHUX TE€HEPATOPiB TEXHOJIOTIYHOTO CTPYMYy €JIEKTPOEPO3IMHUX BHUPIZHUX
BEpCTaTIB Ta MEXaHI3MHU iX BIUIMBY Ha (POPMyBaHHS OJMHHYHOI €pO31MHOI JTyHKH,
IPOAYKTUBHICTh TNPOLECY pi3aHHA Ta SKICTh CHOPMOBAHMX IOBEPXOHb.
[IpoanasnizoBaHO BIUIMB XapaKTEPUCTUK APOTSHOTO E€JIEKTPOY-1HCTPYMEHTY Ha
MpOIEC  EJEKTPOEpO3iMHOr0  BUpi3aHHSA.  Po3risiHyTo — BiIOMI  MoOJedl
(GbOpMOYTBOPECHHS TIOBEPXHI MPU EICKTPOEpO3iiiHii 00podIi Ta 0COOJIMBOCTI
(bopMyBaHHS CTPYKTYPH MOBEPXHEBUX IIIAPIB.

YV Opyeomy po30ini npenctaBieHO po3poOseHl Ta MiliOpaHi METOAUKHA Ta
oOmagHaHHSA JJId  peamizamii KOMIUIEKCY eKCIEePUMEHTAIIbHUX JOCHIKCHB
KEPOBAHOTO BIUIMBY OCHOBHHX IapaMeTpiB €JIEKTPOEPO3IHHOTO APOTIHOTO
BUpI3aHHS Ha (OPMYBaHHS MIKpOT€OMETpii, CTPYKTYpH Ta (I3MKO-MEXaHIYHHX
BJIACTUBOCTEH TMOBEPXHEBUX IIApIB CTajei. 3amponoHOBAaHO Ta aJlallTOBAHO
OpUTIHAJBHY METOAMKY BU3HAUEHHSI HANpPyr Yy 30HI TEPMIYHOTO BIUIMBY MiCJIA
CJIEKTPOEPO3IMHOTO JPOTSHOTO Pi3aHHSA Y BIJOMHX MPOCTHUX TEXHOJIOTIUYHUX
cXeMax.

Tpemiti po30in TPUCBIYCHUN TEOPETUYHUM Ta EKCIEPUMEHTAILHUM
JOCITIJKEHHSIM TPOIieciB (OpMyBaHHS T€OMETPIi OJUHUYHOI €pO31HHOT JTYHKH Ta
MIKpPOT€OMETpIi  MOBEPXOHb YTBOPEHHUX MAacOBOIO JII€I0  pO3pANIB  IpHU

enekTpoeposiinomy npotsiHomy BupizanHi (EEJIB). BusiBneno 3akoHOMipHOCTI



3MiHH €Heproe(eKTUBHOCTI Mpolecy pyHHyBaHHS KOHCTpykiiiHoi Cram 45 B
oOpaHOMY Jl1arma3oH1 peXuMiB poboTH reHeparopa. s rpynu craiei 3 BiIOMUMHU
Ta IOCTaTHBO OJIM3bKUMHU TeruiodiznuyHuMu xapaktepuctukamu (Cranp 45, Cranb
48, 40X, Y10, X12M) orpumaHa cucTeMa pIBHSHb, SKi JO3BOJISIOTH Ha eTalll
POEKTYBaHHS TEXHOJOTIYHOTO MPOIIECY eNEKTPOECPO3IHHOTO APOTIHOTO BUPI3aHHS
JUTSL BITOMHUX €HEPTil po3psLy, MO BUAUIETHCS Ha aHOI, TPUBAIOCTI PO3PSAY Ta
KoedillieHTa MIePEeKPUTTS JIYHOK PO3paxOByBaTH TpH 0a30B1 MapaMeTpH MIOPCTKOCTI
— Rz, Ra, Rq. OTpumani 3aKk0OHOMIpHOCTI BUHUKHEHHS Ta BIUIMBY BiOpalliii ApoTsHOTO
enexktpony-iHcTpyMeHTy (JIEI) Ha QopMyBanHs MikporeomeTpii 00poOeHux
NOBEPXOHb. P03p0o0JieHO MaTreMaTHYHY CTATUCTUYHY MOJENb Il PO3PaXyHKY
BIMBY BiOpariii J[EI Ha MikporeoMeTpito 00po0OJIEHUX TOBEPXOHb.

B uemeepmomy po30ini HaBeIEHO PE3yJIbTaTU CHUCTEMHOTO KOMILJIEKCY
JOCIIIJKEHb TI0 BHU3HAYEHHIO MIKPOTBEPAOCTI, CTPYKTYpPH Ta TOBIUMHHU 30HU
TEPMIYHOTO 3MILHEHHS B SIKICHIM BYTJeleBid KOHCTpykuUiiHIA Cram 45 micis
EEJIB. Ortpumani pe3ynbTaTH 3a0e3MeuyioTh TONOBHEHHS 0a3uW JaHuX Ta
pPO3IIMPEHHsS] YSABICHH TMPO 3aKOHOMIPHOCTI BIUIMBY YacOBO-CHEPTETHUYHHUX
XapaKTEePUCTUK IMIYJBCIB TEXHOJIOTIYHOTO CTpyMy Ha (OpPMYBaHHS TEPMIYHO
3MmitHeHoro mapy 3a EEJIB sikicHux ByrieneBux crajieid. BucyHyTo, o0rpyHTOBaHO
Ta €KCHEPUMEHTAIbHO MIATBEPIKEHO Tinore3y mnpo Te, mo npu EEJIB skicHux
BYIJICLICBUX CTaJie 3a BUKOPUCTAHHS PO3PSATHUX IMITYJIbCIB CTPyMy 3
CHepreTMYHUMH Ta 4YaCOBHUMH TIapaMeTpaMH XapaKTepHUMH JJIsi CY4YaCHUX
CJIEKTPOEPO3IMHUX BUPIZHUX BEPCTATIB JOMIHYIOUMA BIUIMB Ha (HOPMYBaHHS
TOBIIMHK TEPMIYHO 3MIIIHEHOTO IIapy Ma€ TPUBAIICTh IMIYJBCY CTPYMY.
[IpoBenena cepis YUCENbHUX EKCHEPUMEHTIB B LIJIOMY MIATBEPAWIIa OTPUMAHI
eKCIIEpUMEHTAJIbHI PEe3yJIbTAaTH, IO JO3BOJIAE 3 MOXHOKOIO0, 110 He nepeBuinye 15%
BUKOPHUCTOBYBATH X JUIsl POTHO3YBaHHS Ta KEpyBaHHs (OpMyBaHHSIM HEOOX1THOT
3a yMOBaMHU €KCIUTyaTallli TOBIIMHM TepMIYHO 3MinHeHoro mapy npu EEJIB
IIUPOKOI TPYIH KOHCTPYKIIIHHUX Ta IHCTPYMEHTAIBHUX BYTJICIICBUX CTaJICH.

PesynpTatn KOMIUIEKCY €KCIIEPUMEHTAIbHUX JOCTIIKEHb 3aJMIIKOBOI

Harpyru B 3TB crani Y7A micnst IpoTSHOTO €IeKTPOepO31itHOTO pi3aHHS TOBHOTO



3lOMy Ta JOAATKOBHX IMPOXOJIIiB TMOKAa3aid, M0 MaKCHMajlbHA HAmpyra pO3TATY
CKOPOUYYETHCSI 31 30UIBIIECHHAM KITBKOCTI JOJATKOBUX MpoXojiB. i1 dyopHOBOT
CJIEKTPOEPO3ii CIOCTEPIraeThCs PeaKcallis 3aJUIIKOBUX HAIPY>KEHb y 4Yaci, IIo0
3MEHIITY€ MaKCUMAaJIbHE 3AJIUIITKOBE HAMPYKEHHS PO3TATY.

OtpumMaHi pe3ynbTaTd, MO CYTi, BIAKPHUBAIOTh MEPCIEKTUBHHUNA IIISAX [0
MiHIMI3allll €HepreTUYHUX 3aTpaT Ha OOpOOKy Ti€l 4M 1HIIOI MapKH CTall Ta
KEePYBaHHsS XapaKTEPUCTUKAMH OOPOOJICHUX TIOBEPXOHb, SK 3 TOYKH 30Dy
dbopMyBaHHS MIKpPOT€OMETpIi, TaK 1 TIMOMHU 3MIHU CTPYKTYPH B 30HI TEPMIUHOTO
BILTUBY.

Kniwwuosi  cnosa:  enexmpoepo3sitina  00pobOka,  eHepeia  iMNYIbCY,
elekmpoeposiline OpomsHe GUPI3AHHA, 3ATUWKO8A HANpy2d, 30HA MEPMIYHO20

BNIUBY, OOUHUUHUL ICKPOBULL PO3PAO0, MEPMIUHO 3MIYHEHU wap, MIKpomeepoicme.



SUMMARY

Kondakov A.V. — Technological support of the controlled formation of
the parameters of surface layers of steels in the electroerosion processing with
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Application of innovative developments in technology of processing of
materials allows to expand use of high-quality materials of high hardness in
mechanical engineering. During their processing, standard production methods are
gradually being replaced by more progressive strategies, such as electroerosion

treatment, electrochemical treatment, ultrasonic treatment and laser treatment.

Electrical discharge machining (EDM) involves the complex involvement of
numerous physical phenomena. Electric sparks between the cathode and the anode
generate a large amount of heat over a small area of the part. The material of the part
iIs removed due to the occurrence of melting and evaporation caused by high
temperatures during the collapse of the discharge plasma channel. The parameters
of the surface layers of steel parts, technical and technological characteristics of the
process, which determine the mechanisms and results of their formation require
further comprehensive system studies. The development of ideas about the
formation of the parameters of the surface layers of steel parts during EDM treatment
with a wire electrode will improve their performance, due to better forecasting and
controlled formation of the specified micro geometry and physical and mechanical

properties.

The set of results of experimental and theoretical researches presented in the

dissertation is a new solution of the actual scientific and technical problem of



increase of efficiency of technological maintenance of forecasting and controlled
formation of micro geometry and physical and mechanical properties of surface

layers of steels at electroerosive processing by a wire electrode.

The introduction presents the general characteristics of dissertation research,
their relevance, scientific novelty and practical significance of the results, subject

and object of research, formulates the purpose and objectives of research.

The first section is devoted to the analysis of the state of problems and factors
that affect the formation of surface quality during EDM treatment with a wire
electrode. The detailed analysis of parameters of modern generators of technological
current of electroerosive cutting machines and mechanisms of their influence on
formation of a single erosion hole, productivity the process of cutting and quality of
the formed surfaces is carried out. The influence of the characteristics of the wire
electrode-tool on the process of electroerosive cutting is analyzed. The known
models of surface formation during electroerosive treatment and features of

formation of structure of surface layers are considered.

The second section presents the developed and selected methods and
equipment for the implementation of a set of experimental studies of controlled
influence of the main parameters of EDM wire cutting on the formation of micro
geometry, structure and physical and mechanical properties of surface layers of
steels. An original method for determining stresses in the zone of thermal influence
after EDM wire cutting in known simple technological schemes is proposed and

adapted.

The third section is devoted to theoretical and experimental studies of the
processes of formation of the geometry of a single erosion hole and the micro
geometry of the surfaces formed by the mass action of discharges in wire electrical
discharge machining (EEDV). Regularities of change of energy efficiency of the
process of destruction of structural steel 45 in the selected range of modes of

operation of the generator are revealed. For a group of steels with known and



sufficiently similar thermophysical characteristics (Steel 45, Steel 48, 40X, U10,
X12M) a system of equations is obtained, which allows at the stage of designing the
technological process of EDM for known discharge energy released at the anode,
discharge duration and the coefficient of overlap of the holes to calculate the three
basic parameters of roughness — R;, Ra, Rq. The regularities of the occurrence and
influence of vibrations of the wire tool electrode (DEI) on the formation of the micro
geometry of the treated surfaces are obtained. A mathematical statistical model for
calculating the effect of DEI vibrations on the micro geometry of treated surfaces

has been developed.

The fourth section presents the results of a systematic set of studies to
determine the microhardness, structure and thickness of the thermal hardening zone
in high-quality carbon structural Steel 45 after EEDV. The obtained results provide
replenishment of the database and expansion of ideas about the patterns of influence
of time-energy characteristics of process current pulses on the formation of a
thermally strengthened layer by EEDV of high-quality carbon steels. The hypothesis
that the EEDV of high-quality carbon steels with the use of discharge current pulses
with energy and time parameters characteristic of modern EDM cutting machines
has a dominant influence on the formation of the thickness of the thermally hardened
layer has been put forward, substantiated and experimentally confirmed. The
conducted series of numerical experiments, in general, confirmed the obtained
experimental results, which allows with an error not exceeding 15% to use them to
predict and control the formation of the required operating conditions of the
thickness of the thermally strengthened layer at EEDV of a wide group of structural

and tool carbon steels.

The results of a set of experimental studies of residual stress in HAZ steel
U7A after wire EDM cutting of complete removal and additional passes showed that
the maximum tensile stress decreases with increasing number of additional passes.
For rough electroerosion, there is a relaxation of residual stresses over time, which

reduces the maximum residual tensile stress.



The obtained results, in fact, open a promising way to minimize energy costs
for processing a grade of steel and control the characteristics of treated surfaces, both
in terms of micro geometry formation and the depth of structure change in the
thermal zone.

Key words: electroerosive treatment, pulse energy, electroerosive wire
cutting, residual stress, thermal impact zone, single spark discharge, thermally

hardened layer, microhardness.



