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METANIIOrPA®UYECKUA AHAITU3 MOP®OJIOMNK
NMPOAOYKTOB 3PO3UN

B npouecce anekTpoapo3noHHoi ob6paboTku MaTepuan obpabaTbiBaeMoi 3aroTOBKWU MoABep-
raeTcsl BO3OEUCTBUIO 3MEKTPUYECKUX UMMYNbCOB. [Moa AeACTBUMEM BLICOKUX TEMMNepaTyp MpovMcXoauT
¢as3oBbI Nepexon 0bpabaTeiBaemMoro Matepuana U3 TBepAoro CoOCTosiHMA B napoobpasHoe. Mapbl me-
Tanna npu B3avMOAENCTBMU C paboyer XUOKOCTbI, 3amnosHSAOLWER MEXINeKTpoaHOe NPOCTPaHCTBO,
TBEPAET U POPMUPYIOT 3NEKTPO3PO3UOHHBIN LWnam. Ha ocHoBe nuTepaTypHOro aHanuaa nokasaHo,
YTO B pesynbTaTe TypOYrNeHTHOro ABWXEHWUSI YacTULbl LWlaMa CoyaapsitoTCsi, YTO MPUBOAMUT K BO3HUK-
HOBEHMWIO BMSITUH U TPELMH Ha UX NOBEPXHOCTU. [Mpu CTONKHOBEHUN chepuyeckmx vacTuy, bonbLuero
pa3vepa c 6onee MenkuMu 4acTMuaMu BO3HUKAET CTPYKTypa BKMoYeHun. Hanuume BAskon pabouyen
KMOKOCTU BedeT K (hOPMUPOBaHMIO KOHITTIOMEPATOB M3 YacTuL, 311EKTPO3PO3UOHHOrO Wwrama. BrnvsiHue
PEXVMOB 3IEKTPO3PO3MOHHON 06paboTKM Ha (POPMUPOBAHME KOHITIOMEPATOB U3 YacTuy Lama He
n3y4yeHo B rnonHon mepe. Llenb paboTbl — meTannorpaduyeckmin aHan1M3 Mopgonornm NpoayKkToB 3po-
3umn npy obpaboTke TuTaHoBoro cnnasa BT1J1. YcTaHOBMEHO, YTO 3MEKTPO3PO3MOHHbIN LUlamM COCTOUT
He TOMbKO M3 YacTuL, obpabaTbiBaeMOro cnnaea, Ho U U3 YacTul, anekTpoda. 3Ha4yeHWe MOLLHOCTU UM-
nynbca onpeaensieT pasmep YacTul, 3NEKTPO3IPO3UOHHOIO LWinama. MokasaHo, YTo Npu MUHUMaIbLHOWN
MOLLIHOCTM pa3mep eAVMHWUYHOM YacTuubl MUHUManeH. OTMeveHa UHTEHCBHAS KOHIoMepauust Menkux
yacTuu, 3aTpygHsaioLwas yaarneHue npoaykToB 3po3un M3 30HbI 06paboTku. M3aMepeHus nokasanu, 4to
KOHrnomeparThbl, MONy4YeHHble MpWU pexuMmMax C MeHbLUeld MOLLUHOCTbIO (YMCTOBbIE PEXMMBI), KpynHee
N COCTOAT U3 GomnblUero Yncna MenkMx 4acTuu, Yem Mpu pexmnmax ¢ 6onbLIOA MOLLHOCTbIO. YCTaHOB-
NEHO, YTO KOHFMOMepaThl COCTOSIT U3 YaCTUL, 3MeKTpoaa-uHCTpYMEHTa U anekTpoaa-geTtanu. MNokasaHo,
YTO NPV YBENUYEHUN SHEPTUM UMMYMbCA YaCTULbl 3NIEKTPO3PO3UOHHOTO LUNaMa He KOHINOMEepUpYTCs,
Lwnam npeacraenseT cobon oTAeNbHbIE 3NIEMEHTbI CO CPEAHNM pasmepoM 14 MKM.

KnioyeBble crnoBa: ANEKTPO3PO3NOHHAA o6pa60TKa, ANEeKTPOoA-NHCTPYMEHT, 3neKkTpoa-aAeTalb,

NPON3BOAUTENBHOCTb, ANEKTPOSPO3UOHHbIV LLUnaMm, NPOAYKTbl 3PO3UN, KOHIMoMepaThbl, nnasMeHHbIN Ka-
Hasn, TOMHOCTb, eAUHNYHaA NyHKa.

T.R. Ablyaz, S.A. Oglezneva, N.D. Ogleznev, A.O. Grisharin

Perm National Research Polytechnic University, Perm, Russian Federation

METALLOGRAPHIC ANALYSIS OF MORPHOLOGY
EROSION PRODUCTS

During electric discharge machining of the workpiece material is subjected to electrical pulses.
Under the action of high temperatures, the phase transition material being processed from a solid to a
vapor. metal vapors in contact with the process fluid that fills the space between electrodes, harden and
form EDM sludge. On the basis of literary analysis shows that result of the turbulent motion of sludge
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particles collide, resulting in the occurrence of dents and cracks on their surface. The collision of the
spherical particles are larger and smaller particles occurs inclusions structure. Furthermore, the pres-
ence of the viscous working fluid leads to the formation of conglomerates of particles EDM slurry. Influ-
ence of EDM mode on the formation of conglomerates of the sludge particles has not been studied fully.
Objective - metallographic analysis of the morphology of erosion products in the processing of titanium
alloy VT1L. It is found that the EDM sludge consists not only of the processed alloy particles, but also
from the electrode particles. The value of output level determines the amount of electrical discharge of
sludge particles. It is shown that the minimum power the unit particle size is minimal. It noted the in-
tense conglomeration of small particles difficult to remove the products of erosion from the treatment
zone. Measurements showed that the conglomerates obtained in the lower power modes (finishing
modes), is larger and consists of a large number of small particles than the high-power mode. It is found
that the particles conglomerates composed of the electrode-tool and electrode-piece. It is shown that
with increasing pulse energy, the particles do not conglomerate EDM sludge, the sludge is individual
elements with a mean size of 14 microns.

Keywords: EDM, electrode-tool, electrode-piece, productivity, EDM debris, erosion products,
conglomerates, plasma channel, precision, single hole.

BBenenne

B nponiecce anektpospo3ronHoi 06padoTku (3230) marepuan odpa-
OaTbIBa€MOM 3aroTOBKHM IMOJBEPraeTcsi BO3ACUCTBUIO 3JEKTPUUECKUX HM-
nyiabcoB. Temneparypa rutasmeHHoro kasana npessimaer 10 000 °C. Ilox
JeicTBUEM TeMIlepaTypbl IPOUCXOIUT (Pa30BbIi mepexo] oopabaTeiBaeMo-
ro MaTepualla u3 TBEpJIOro coCTOsIHUS B apooOpazHoe. [lapbl metanna npu
B3aMMOJEHCTBUM ¢ pabodeil KUIKOCTBIO, 3aMOIHSIONIEH MEXIIEKTPOIHOE
OPOCTPAHCTBO, TBEPACIOT U (POPMHUPYIOT HIEKTPOIPO3UOHHBIN 11aMm [1, 2].

Wzyuenuto mpouecca (GopMuUpOBaHHS 3IEKTPOIPO3UOHHOTO MIIamMa
U €T0 BIUSHUA Ha KadecTBo DD0 mocBsmieH psag padot [2-5].

[Ipu o6paboTke netaneil B yclOBUSAX IJIOXOH HMPOMBIBKH MEXIJIEK-
TPOAHOTO MPOCTpaHCTBa (00paboTKa IiTyOOKHMX OTBEPCTHH, IUIMIEBBIX Ma-
30B, KpyNHOrabapuTHble Ipecc-GopMbl M T.A.) NPOUCXOAUT CKOIJICHHE
IPOAYKTOB 3pO3MH B 30HE 00paOOTKM, YTO NMPUBOAUT K BO3HUKHOBEHUIO
BTOPUYHBIX CTPYKTYpP Ha IOBEPXHOCTSX AJIEKTPOJIOB, B PE3YJHTATE YErO
CHIIKAeTCs Ka4yeCTBO U MPOU3BOIUTENBLHOCTh 00paboTKH [2].

B paborax [3, 4, 6—8] mokaszaHo, 4TO MepeMeIieHue IEKTPOIPO3UOH-
HOT'O IIUTaMa B 30HE 00pabOTKHU 3aBUCHUT OT Tmpoliecca (OPMHUPOBAHUS U TIe-
pemeneHns ra3oBbIX Iy3bipedl. Jlns ananumza apeiida MpOAyKTOB 3PO3UH
B MEXD3JIEKTPOJHOM IIPOCTPAHCTBE IPEIJIOKEHBI IKCIEPUMEHTAIbHBIE
ycraHoBKH. [lokazaHo, YTO H3-3a BSI3KOCTU JHM3JIEKTpUKA (MHHEpabHOE
MacJio) SJEKTPOIPO3UOHHBIA MIIaM TMepeMeIIaeTcsi B 000J0YKEe Ta30BOTO
ny3blps. [IpoBeneHHbIE HcCaeI0BaHUS MO3BOJIMIN BU3YaJU3UPOBATH MPO-
1lecc MepeMeIICHUs [IulaMa B 30He 00paboTKU 6e3 MpeIoKeHUs] IPaKTuye-
CKHX peKOMEHJAIMi 1o moBbIeHnt0 3 dpexkruBHOCTH DD0.
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B pa6orax [9—-13] nmoka3aHo, 4TO jIsl TIOBBIIIICHHS] TIPOU3BOIUTEIHLHO-
ctu nponecca 990 HEOOXOMMO BapbUPOBAThH MApaMETPhI BBICOTHI MOIbEMA
3NeKTpoaa-uHCTpyMeHTa (OW) U3 30HBI pe3aHbs U CKOPOCTh ATOr0 MOABEMA.

B paGorax [14, 15] onmcano pa3inuyue B CTPOCHUU UTama, chopMuUpo-
BaHHOIO OT pa3pylIEeHUs 3arOTOBKM M MHCTpyMeHTa. lllmam ¢ moBepxHOCTH
3arOTOBKH MpPENCTaBIseT coboil cepuueckue yactuupl (puc. 1, a). opmu-
poBaHMe c(hepUUECKHX YacTHIl IPOUCXOJUT B PE3yJIbTaTe OCTHIBAHUS METall-
Ja, UCTIAPEHHOT0 C IOBEPXHOCTH 3arOTOBKU MO ACWCTBUEM 3JIEKTPUYECKOTO
umITysisca. MHOTHE 13 c(hepuvecKrX MOBEPXHOCTEH MMEIOT TUIIMYHBIC JICHT-
PHUTHBIE CTPYKTYPBI, YKa3bIBAIOLINE HA JOCTATOYHO HU3KYIO CKOPOCTh OXJIaXK-
nenust. lllnam, copmMupoBaHHBI M3 MaTepuana >JIEKTPOJa-MHCTPYMEHTA,
HOJTy4aeTcsl TOCPEICTBOM TEPMUYECKOr0 BhIKpaluBanus (puc. 1, 0).

gaa3 Zeky 1Bum x1: 388

Puc. 1. Dnexrposposuonusiii nuiaM (xX1500): a — ¢ MOBEpXHOCTH
3aroTOBKH; 6 — C TIOBEPXHOCTH 3JCKTPOIa-UHCTPYMEHTA

[Tpu yBenuyeHHU 3HEPrHUM MMITyJibca CEepUdecKHe YacTHULbl IIaMa
paspymatorcsi. Ha ux moBepxHocTH (OPMHPYIOTCS 30HBI BBIKpAIIMBAHMUS,
BMATHHBI U TPELIUHBI (pUC. 2).

2822  Zoky 2

Puc. 2. Pa3pyuienue Ha MOBEPXHOCTH CHEPUICSCKUX YACTHII
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[Toka3aHo, 4TO NpH YBEIMUYEHUH SHEPTUU UMIIYJIbCA CPEAHUHN pa3zmep
YyacTul c(pOPMUPOBAHHOTIO IIIJIaMa YBEITUUNBACTCS.

B paGorax [14, 15] chopmynupoBaHa runoresa, O TOM, YTO MECTHOE
BO3HUKHOBEHHUE BBICOKMX TEMIIEPATyp BbI3bIBAE€T PACIUIABICHUE U HCIIApe-
HHE METaJJIM4ecKo (as3bl B MecTax BO3JEHCTBUS, TEPMHUUECKOE pa3JIoxke-
HUe OopuIHOM (pa3bl, a TakkKe UCIAPEHHUE U PA3IOKEHHUE AUAIIEKTPUUECKON
cpenpl. Ilockonbky AMaIeKTpUUEcKas cpefa NpedbIBaeT B MOCTOSHHON ITUp-
KYJISILIMM, SJIEKTPOJbl OXJIAXKIAIOTCS, HO IOTOK MAapoB CTAHOBUTCS TypOy-
JeHTHBIM. BBHly TypOyJI€eHTHOCTH IOTOK MapoB OyAET pacmagarbes Ha 00-
jee Menkue (ppakuuu U Kaxxaas ¢pakuus OyAeT CKIOHHA K KOHAEHCUPOBa-
HUIO B JKUAKOCTh (KUAKMA MeTaul W pabodas >KHUAKOCTb), a 3aTeM
B TBep/ble yacTullpl. [lapel pabouell )KUIKOCTH CHUKAIOT CKOPOCTh OXJIAXK-
JEHUS] Kallld JKUAKOTO MeTayjia, KOTopas CIIOCOOCTBYET CQepouanu3aluu
YaCTHUIl, a TAKXK€ MX JCHAPUTHOW JIUKBaMu. [Ipyn HU3KOU BXOHsIICH dHEP-
MM CHWXKAETCsl COZIep)KaHue MapoB MeTaylia U paboueil ®KHUJIKOCTH, YTO Be-
JeT K CHM)KEHMIO KOJIMYECTBA YaCTUI[ C MEHBUIMM CpPEJHUM PpPa3MEpPOM.
lmam, chopMUPOBAHHBINA MPU HU3KUX DHEPTUSX MMITYJIbCA, 3aTBEPACBACT
ObIcTpee M B pe3ysbTaTe cTaHOBUTCS Oosee TBepiapM. Ilpu yBennue-
HUM BXOJHOM SHEPrMM YBEIMYUBAETCS MOTOK MAapoB MeTaula U padboueit
XKuAKocTu. B pesynbrare TypOYyJE€HTHOrO ABM)KEHHS YacTULBI LIaMa CO-
yIApsIFOTCS, YTO MPUBOJUT K BOSHUKHOBEHHIO BMSATHH U TPEUIMH HA MX II0-
BepxHocTH. [lpu cTonkHOBeHMM ceprudyecKuxX 4YacTHLl OOJBLIEro pa3mepa
c OoJyilee METKUMH YaCTULIAMH BO3HUKAET CTPYKTypa BKItoueHuil. Kpome To-
ro, HAJIMYKE BS3KOW pabodeil RHUIKOCTH BEIeT K (HOPMUPOBAHHIO KOHIJIO-
MEpPATOB U3 YaCTUI 3JEKTPOIPO3ZUOHHOTO nuiaMa. Biusiaue pesxxumon 330
Ha (hopMUpOBaHHE KOHIVIOMEPATOB U3 YACTHIl IlIJJaMa HE M3yY€HO B IOJI-
HOM Mepe.

Lenb paboTsl — MeTaysiorpaduueckuii aHaau3 MOp(hOIOTUH MPOIYK-
TOB 3p03uH Npu 00paboTke TUTaHoBoro crasa BT1JI.

MaTepna.m)I H METOAbI UCCJICI0BAHUA

DKCHEepUMEHTHI MPOBOAMINCH, HA KOMHPOBAIBHO-TPOIIMBHOM DIIEK-
Tpospo3uoHHOM craHke Electronica Smart CNC. DieKTpoa-UHCTPYMEHT
M3TOTOBJICH M3 KOMITO3UITMOHHOTO MaTepuana «meas — 0,4 006. % rpadura
(TPI')». DnekTpoa MHCTPYMEHT BBINOJHEH B BUAE LWJIMHAPA AUAMETPOM
5 M. B kauectBe paboueit kuakocTu ucnonb3oBano Macio EDM Oil —
IPOL SEO 450. B xauecTBe 3aroTOBKM MpUMEHsIACh TUTAHOBAs IJIACTHHA
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n3 criaBa BT1JI TonmuHOM 6 MM. PexXuMBI 371€KTpO3pO3UOHHON 00paboT-
KU TIPE/ICTaBJICHBI B Ta0. 1.
Tabmuna 1

PexxumMbl 2I€KTPOIPO3NOHHOM 00pabOTKH

KO[II/IpOBaHHOC 3HAUYCHUEC pCKUMa

Hapamerpsl E13 E34 E54
(4rucTOBOM) | (MOTYYUCTOBOM) | (AEPHOBOI)

Bpewms BimroueHust UMIyabCOB 1, MKC 1 50 50
BpeMs BBIKITIOUEHHS MMITYJILCOB T,

MKM 32 32 32
Cpenmunii Tok I, A 0,5 1,2 3

Cpennee Hanpsokenue U, B 50 50 50
Ionaprocts VE, E,, + + +

MomHocTs, BTC 0,025 0,3 7,5

Mertamiorpadguyeckuii aHaan3 Mop¢OJOrMH MPOTYKTOB 3PO3UU U3Y-
yai Ha ontudeckoM Mukpockone AXIOVERT 40 mat ¢ ucnonb3oBaHueM
nporpaMmsl i poBoit 00padoTku gaHHBIX «BuaeoTect4d».

PGSyJILTaTbI HCCJICA0BAHUA U 06cymeﬂne

VY CTaHOBJIEHO, YTO YaCTHIBI YJAJICHHOTO C MOBEPXHOCTH 3arOTOBKHU
MeTajula TPEJCTAaBIAIOT CO00 KOHIJIOMEpaThl, COCTOSIIHE U3 MEJIKHX
¢dparmenToB (puc. 3-5).

PaCI’IpCLlCJ'ICHl/IC o napameTpy

l'lpoueHT KOJIMYECTBA

T —r
20 30 40 50 60 70 80 90100 120 140
JlnameTp 3KB., MKM

a o
Puc. 3. Pazmep konrinomeparos npu 390 Ha YUCTOBOM PEXHUME: @ — TUCTOIpaMma
pacripeqiefieHus: pa3MepoOB KOHTIIOMEPATOB; O — OO Bl KOHTJIOMEPATOB
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Pacripeenenue no napamerpy

24 T

IIpoueHT KonuyecTBa

20 25 30 35 40 45 50 55 60 65 70 75 80
Jlnamerp 3KB., MKM

a o

Puc. 4. Pazmep xonrmomeparoB mpu 390 HaA MOIYYUCTOBOM PEXHUME: d — TUCTO-
rpamMMa pacrpezeseHus pa3MepoB KOHTIIOMEPATOB; 6 — OOIIHiA BH]I KOHIJIIOMEPATOB

PacnipezienieHye 1o napamerpy

70
65 1
60
55 4
50
45
40 1
35 1
30
25 1
20 -
15 4
10 A
5 e

A T T T g T T
05 15 25 35 45 55 65 75 85 9

JluameTp 9KB., MKM

a 6

Puc. 5. Pazmep xonrnomepato npu 930 Ha 4EPHOBOM PEKUME: ¢ — THCTOIpPaMMa
pacripeneneHus pa3MepoB KOHITIOMEPATOB; O — OOIIMI BUI KOHIJIOMEPATOB

[IpoueHT konuvecTBa

3HaueHUs CPEAHMUX Pa3MEpPOB KOHIVIOMEPATOB M YACTHIl B UX COCTaBe
MPEICTaBICHBI B Ta0JI. 2.

N3mepenust mokaszaiv, 4TO KOHIJIOMEpATHI, MOJTy4YeHHBIE MpU o0pa-
6otke Tutana BT1JI Ha pexxumax ¢ MEHbIIIEH MOIIHOCTBHIO (YUCTOBBHIE pe-
KHUMBI), KPYITHEE U COCTOSIT U3 OOJBILIEro YMCiia MEJIKUX YacTHIl, 4YeM IpHU
pexxumax ¢ OOJIBIION MOIIHOCTBIO (Ta0I. 2).
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Ta0mua 2
Pa3mepsl yacTull MpoOyKTOB 3PO3UHU
PesKHMEL Cpenuuii pazmep Cpemuuit pa3mep 4acTHI]
KOHTJIOMEPAaTOB, MKM B KOHTJIOMEpaTax, MKM
E13 (uucroBoii) 72 2
E34 (momy4nctoBoit) 55 5
E54 (uepHOBOIT) - 14

VYcraHOBIEHO, YTO KOHIJIOMEPAThl COCTOSIT W3 YacTHI[ 3JEKTpoja-
WHCTPYMEHTA | JIEKTPOIa-/1eTau.

AHanu3 MOoJIy4YeHHBIX JAaHHBIX MOATBEPXKAAeT TUIOTe3y (HopMHUpOBa-
HUSI KOHTJIOMEPATOB M3 YacTHI] 3JEKTPOIPO3UOHHOTO IIIama, MpeJIoKEeH-
HYI0 B paborax [6, 7].

[TokazaHo, 4TO MpU yBEIUUCHUH DHEPTUU UMITyJIbca (Mpu 0O0paboTKe
tutaHa BT1JI) yacTuubl 351€KTPOIPO3MOHHOrO IUIaMa HE KOHIJIOMEpPUPY-
forcs (cM. Tabm. 2), muiaM MpeAcTaBlsSeT COOOM OTHENbHBIE DJIEMEHTHI CO
CpeIHUM pa3mMepoM 14 Mxm.

3akjao4yeHue

Ha ocHOBaHUM NpPOBEACHHOIO HUCCIIEOBAHMS MOXHO CIeNaTh Clie-
IYIOIIHE BBIBOJIBI:

1. 3HaueHrEe MOIIHOCTH MMITYJIbCa OIPEAesSeT pa3Mep YacTHII JIeK-
TPOIPO3HOHHOTO TIama rpu o0padoTke Turana BT 1JI. [lpu MmuaMMAaNBHOM
MOIIHOCTH pa3Mep €IWHUYHOM YacTULIbl MHUHHMAJIEH, UX KOHTJIOMepanus
3aTpyIHSET yJAIeHUEe TPOAYKTOB DPO3UHU U3 30HBI 00pabOTKH.

2. Ilpu snexTpodpo3noHHON 00paboTke TutaHa BT1JI Ha pexume c
MaKCHMaJbHOW MOIIHOCTBIO 3JICKTPOIPO3UOHHBIN MUIAM MPEACTABISET CO-
0011 OTACIIbHBIC YACTHIIHI CO CPETHUM pazMepoM 14 MKM.

Paboma evinonnena npu gunancosoii noodepoicke Munucmepcmea
oopaszosanusi u Hayku P® (doeosop Ne 02.G25.31.0134 om 01.12.2015
6 cocmase meponpusmusi no peanuzayuu nocmanogienus Ilpasumenvcmea
PO Ne 218).

58



Memannozpaguueckuii anaruz mopghonocuu npoOOyKmos 3po3uu

Chnucok Jimrepatypbl

1. Cetin S., Okada A., Uno Y. Effect of debris distribution on wall
concavity in deep-hole EDM // JSME International Journal Series C. —
2004. — Ne. 47. — P. 553.

2. Schumacher B.M. After 60 years of EDM the discharge process
remains still disputed // J. Matl. Proc. Tech. — 2004. — Ne 149. — P. 376-381.

3. Abbas N.M., Solomon D.G., Bahari Md.F. A review on current re-
search trends in electrical discharge machining (EDM) // Int. J. Mach. Tools
Manuf. — 2007. — Ne 47. — P. 1214-1228.

4. Relationship between occurrence of material removal and bubble
expansion in electrical discharge machining / S. Hayakawa, Y. Sasaki,
F. Itoigawa, T. Nakamura // Proc. of the 17th CIRP Conf. on Electro Physi-
cal and Chemical Machining ISEM). — 2013. — P. 174-179.

5.Liao Y.S., Wu P.S., Liang F.Y. Study of debris exclusion effect in
linear motor equipped die-sinking EDM process // Procedia CIRP 6. —
2013.-P. 123-128.

6. Thermal and fluid field simulation of single pulse discharge in dry
EDM / T. Wang, J. Zhe, Y.Q. Zhang, Y.L. Li, X.R. Wen // Procedia
CIRP. —2013. — Ne 6. — P. 428-432.

7.Jin Wang, Fuzhu Han. Simulation model of debris and bubble
movement in electrode jump of electrical discharge machining // Int. J. Adv.
Manuf. Technol. — 2014. — Ne 74. — P. 591-598.

8. Dong J.R. Debris removal mode of die sinking electro discharge
machining and its wave train analysis and application. Doctoral Disserta-
tion / Institute of Mechanical Engineering of National Taiwan University. —
2006.

9. Takeuchi H., Kunieda M. Effects of volume fraction of bubbles in
discharge gap on machining phenomena of EDM // Proceedings of the 15th
International Symposium on Electromachining. — 2007. — P. 63.

10. Research on the influence of dielectric characteristics on the EDM
of titanium alloy / Xiangzhi Wang, Zhidong Liu, Rongyuan Xue, Zongjun
Tian, Yinhui Huang // Int. J. Adv. Manuf. Technol. — 2014. — Ne 72. —
P. 979-987.

11. Modeling of workpiece removal rate on EDM / F.Z. Han,
J. Zhang, G. Cheng, 1. Takahito // Proceedings of the 16th International
Symposium on Electromachining (ISEM XVI). — Shanghai, 2010. -
P. 101-104.

59



T.P. Abnas, C.A. Ocnesnesa, HJ]. Oznesnes, A.O. I puwapun

12. Wear resistance of copper EDM tool electrode electroformed from
copper sulfate baths and pyrophosphate baths / P. Ming, D. Zhu, Y. Zeng,
Y. Hu // Int. J. Adv. Manuf .Technol. — 2010. — Ne 50(5-8). — P. 635-641.

13. Accuracy improvement in nanographite powder-suspended dielec-
tric fluid for micro-electrical discharge machining processes / G. Prihan-
dana, M. Mahardika, M. Hamdi, Y.S. Wong, K. Mitsui // Int. J. Adv.
Manuf. Technol. — 2011. — Ne 56(1-4). — P. 143-149.

14. Khanra A K., Pathak L.C., Godkhindi M.M. Microanalysis of de-
bris formed during electrical discharge machining (EDM) // J. Mater. Sci. —
2007. — Ne 42. — P. 872-877. DOI: 10.1007/s10853-006-0020-0

15. Wang J., Han F.Z. Simulation model of debris and bubble move-
ment in consecutive-pulse discharge of electrical discharge machining // Int.
J. Mach. Tools. Manuf. — 2013. — Ne 77. — P. 56-65.

Referencis

1. Cetin S., Okada A., Uno Y. Effect of debris distribution on wall
concavity in deep-hole EDM. JSME International Journal Series C, 2004,
no. 47, p. 553.

2. Schumacher B.M. After 60 years of EDM the discharge process re-
mains still disputed. Jounal Matl. Proc. Tech., 2004, vol. 149, pp. 376-381.

3. Abbas N.M., Solomon D.G., Bahari Md.F. A review on current
re-search trends in electrical discharge machining (EDM). International
Journal Mach. Tools Manuf., 2007, no. 47, pp. 1214-1228.

4. Hayakawa S., Sasaki Y., Itoigawa F., Nakamura T. Relationship be-
tween occurrence of material removal and bubble expansion in electrical
discharge machining. Proccesing of the 17th CIRP Conference on Electro
Physical and Chemical Machining (ISEM), 2013, pp. 174-179.

5.Liao Y.S., Wu P.S,, Liang F.Y. Study of debris exclusion effect in
linear motor equipped die-sinking EDM process. Procedia CIRP 6, 2013,
pp- 123-128.

6. Wang T., Zhe J., Zhang Y.Q., Li Y.L., Wen X.R. Thermal and fluid
field simulation of single pulse discharge in dry EDM. Procedia CIRP,
2013, no. 6, pp. 428-432.

7.Jin Wang, Fuzhu Han. Simulation model of debris and bubble
movement in electrode jump of electrical discharge machining. Inter-
national Journal of Advanced Manufacturing Technology, 2014, no. 74,
pp- 591-598.

60



Memannozpaguueckuii anaruz mopghonocuu npoOOyKmos 3po3uu

8. Dong J.R. Debris removal mode of die sinking electro discharge
machining and its wave train analysis and application. Doctoral Disserta-
tion. Institute of Mechanical Engineering of National Taiwan University,
2006.

9. Takeuchi H., Kunieda M. Effects of volume fraction of bubbles in
discharge gap on machining phenomena of EDM. Proceedings of the 15th
International Symposium on Electromachining. 2007, pp. 63.

10. Xiangzhi Wang, Zhidong Liu, Rongyuan Xue, Zongjun Tian, Yin-
hui Huang. Research on the influence of dielectric characteristics on the
EDM of titanium alloy. [International Journal of Advanced Manufac-
turing Technology, 2014, no. 72, pp. 979-987.

11. Han F.Z., Zhang J., Cheng G., Takahito I. Modeling of workpiece
removal rate on EDM. Proceedings of the 16th International Symposium on
Electromachining (ISEM XVI). Shanghai, 2010, pp. 101-104.

12. Ming P., Zhu D., Zeng Y., Hu Y. Wear resistance of copper EDM
tool electrode electroformed from copper sulfate baths and pyrophosphate
baths. The International Journal of Advanced Manufacturing Technology,
2010, no. 50(5-8), pp. 635-641.

13. Prihandana G., Mahardika M., Hamdi M., Wong Y.S., Mitsui K.
Accuracy improvement in nanographite powder-suspended dielec-tric fluid
for micro-electrical discharge machining processes. Internetional Journal
Advance Manuf. Technology, 2011, no. 56(1-4), pp. 143-149.

14. Khanra A.K., Pathak L.C., Godkhindi M.M. Microanalysis of de-
bris formed during electrical discharge machining (EDM). Journal Materi-
als Scince, 2007, no. 42, pp. 872-877. DOI: 10.1007/s10853-006-0020-0

15. Wang J., Han F.Z. Simulation model of debris and bubble move-
ment in consecutive-pulse discharge of electrical discharge machining.
Internetional Journal Mach. Tools. Manuf., 2013, no. 77, pp. 56-65.

[Tonmyueno 1.06.2016

006 aBTOpax

A0as3 Tumyp PuzoBuu — KaHAMAAT TEXHUYECKUX HAYK, JOLECHT Ka-
benpsl «MaTepuainbl, TEXHOJIOTHH M KOHCTpyHpoBaHue MaruH» [lepMcko-
0 HallMOHAJIBHOTO UCCIIEIOBATEIBCKOTO MOJIUTEXHUYECKOTO YHUBEPCUTETA;
e-mail: lowrider11-13-11@mail.ru.

61



T.P. Abnas, C.A. Ocnesnesa, HJ]. Oznesnes, A.O. I puwapun

Orae3neBa CBeT/iaHa ApKajgbeBHA — JIOKTOP TEXHUYECKUX HAYK,
npocdeccop kadenpsl «Marepuanbl, TEXHOJOTUU M KOHCTPYHPOBAHHE Ma-
mIMH» [lepMCcKOro HaMOHAIBHOTO UCCIEA0BATENBCKOTO MOIUTEXHUYECKOIO
yHUBEpCUTETA; e-mail: osa@pm.pstu.ac.ru.

OraesneB Huknra /IMMTpHeBHY — KaHIWJAT TEXHUYECKUX HAyK,
JOLEHT Kadenpsl «MaTepualibl, TEXHOJIOTUM ¥ KOHCTPYMPOBAHUE MAaIllUH»
[lepmckoro HalMOHAIBHOIO HCCIIEN0BATENIBCKOIO MOIUTEXHUYECKOTO YHU-
Bepcurera; e-mail: fastrex @mail.ru.

I'pumapun Anton OJieroBuy — Beaymmii nrmxenep kadenper «Cpa-
pPOYHOE IPOU3BOACTBO M TEXHOJIOTUS KOHCTPYKLUHOHHBIX MaTepHalIOB»
[Iepmckoro HalMOHAIBHOIO HCCIIEN0BATENIBCKOIO MOJIUTEXHUUECKOIO YHH-
Bepcurera; e-mail: lowrider11-13-11@mail.ru.

About the authors

Timur R. Abliaz (Perm, Russian Federation) — Ph. D. in Technical
Sciences, Associate Professor, Department of Materials, Technologies and
Constructions of Machines, Perm National Research Polytechnic Univer-
sity; e-mail: lowrider11-13-11 @mail.ru.

Svetlana A. Oglezneva (Perm, Russian Federation) — Doctor of
Technical Science, Professor, Department of Materials, Technologies and
Constructions of Machines, Perm National Research Polytechnic Univer-
sity; e-mail: osa@pm.pstu.ac.ru.

Nikita D. Ogleznev (Perm, Russian Federation) — Ph. D. in Technical
Sciences, Associate Professor, Department of Materials, Technologies and
Constructions of Machines, Perm National Research Polytechnic Univer-
sity; e-mail: fastrex @mail.ru.

Anton O. Grisharin (Perm, Russian Federation) — Leading Engineer,
Department of Welding Production and Structural Materials Technology,
Perm National Research Polytechnic University; e-mail: lowriderl1-13-
11 @mail.ru.



