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Numerical Modeling in the Study of Ultrasonic Processing of Steel Parts of Agricultural
Machinery

The priority is given to carrying out studies to improve the performance characteristics of agricultural
machinery parts in the context of modern technologies. The value of ultrasonic effects for the surface treatment
of steel parts is established. The relevance of research is determined. The analysis of literature sources is carried
out, the necessity of optimization of technological parameters of mechanical processing of materials with use of
ultrasonic influence is shown. It is established that, mechanical processes that occur during the interaction of an
ultrasonic working tool and the surface of a part are rather complicated.

The expediency of studying specific aspects of the behavior of the machined material of parts on the
basis of numerical modeling is determined. A model contact problem was formulated to study the processes of
surface hardening during plastic deformation using ultrasound. The research tasks, boundary conditions are
determined. Numerical simulation is carried out and ways of optimization of parameters of the considered
technological process are described. The boundary value problem of the equation of motion, the Cauchy relation,
the physical relationships of the components of the deformation components with the necessary boundary
conditions are solved. As indirect characteristics, allowing to judge the level of strengthening of the material,
residual plastic deformations were taken in the direction of the general axis of symmetry of the cylinder and the
indenter.

The relationship between the radius of the indenter and its load is established to achieve qualitative indices of the
process of ultrasonic action. The state of the surface of steel parts by parameters of microhardness and structural
components is studied.

It is proved that ultrasonic treatment of agricultural machinery parts allows to increase microhardness
of steel surfaces up to 27%. It is established that by changing the parameters of power and ultrasonic load, it is
possible to control the formation of a hardened layer in the material.
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SKicHI XapaKTEpUCTUKH JDKEpeNl TeIjla Ha CTaJeBHUX
EJIEKTPOJAX

OnwucaHo 3riIHO ICHYIOYMX YsIBJIeHb B o0Oyacti (i3UKM TEMJIOBUX HPOLECIB JEsKi SKICHI
XapaKTepUCTUKH JHKEPEN Teria Ha elekTpoaax B ymoBax PO/I Ta iX BiMOBIAHICTh €KCIIEPUMEHTAIBHUM JTaHUM
JUId eNIeKTPOJiB 13 3aiiza Ta crajed. MOJMIJIMBOCTI Ta SKIiCHI 1 KiJBbKICHI XapakTepucTuku mporecy POJI
BU3HAYAIOTHCS SIKICHIMHU XapaKTEPUCTHKAaMH (SIKICTIO) JUKEpeN Tella Ha eJIeKTpoJax, Mepil 3a Bce, 00’ €MHOI0
TYCTHHOIO TEIUIOBOI MOTYXKHOCTI, $Ka, BH3HAYAETHCSH IUHAMIYHMM THCKOM IIOTOKY pOo00OYOi piIvHM Ta
MOJISIPHICTIO €JIEKTPOiB. B 3B 513Ky 3 IMM € MOXKJIMBUM JIETKO KEPYBATH SIKICTIO JUKEpET TeIUla Ha eJIEKTPoAax, a
OTXKeE 1 AKICTIO MPOIECY epo3ii, 3MIHCHIIYHA 00pOOKY HEe3aleKHO BiJl CTPYMY B IIHPOKOMY Jliala30HI PEKUMIB,
MOYHMHAIOYH Bifl Ipy00OT0 pO3MipHOTO IUIABIECHHS 1 aXK JI0 NPEBAIOI0YOT0 TOHKOTO PO3MIPHOTO BUIIAPOBYBAHHS.
eJIeKTPUYHA AyTa, aHOA, KATO/, CTOBI AYTH, J:KepeJio Telia, podoya piluHa, IyCTHHA CTPYMY
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KauecTrBeHHbIE XAPAKTEPUCTUKH HCTOYHUKOB TEILIA HA CTAJIIBHBIX 3JICKTPOAAaX

OnmcaHBl COTJIACHO CYIIECTBYIOMHUX TIPEACTABICHHA B 00JacTH (M3MKH TEIUIOBBIX IPOIECCOB
HEKOTOpBIE KAaYeCTBEHHBIE XapaKTePUCTHKH HMCTOYHWKOB TeIUIa Ha JNeKTpomax B ycioBmsix PO m mx
COOTBETCTBHE OKCIIEPUMEHTAIBHBIM JaHHBIM I DJIEKTPOJIOB M3 JKerle3a W cTayneid. Bo3moxxHoCcTH U
KayeCTBEHHBIC M KOJIIMYECTBEHHBIC XapakTepucTuku mporecca POJ] ompenenstorcs KaueCTBEHHBIMU
XapaKTePUCTHKAMU (Ka4eCTBOM) HMCTOYHMKOB TEIUIa HA JJICKTPOJAX, MPEKIEC BCEro, OOBEMHOM IUIOTHOCTHIO
TEIUIOBOM MOIIHOCTH, KOTOpas OIMPEIeIsIeTcs IMHAMUYECKAM JaBIICHHEM IOTOKa pabodedl KHUIKOCTH H
MOJISIPHOCTBIO AJIEKTPOZOB. B CBSI3M C 3THM BO3MOXHO JIETKO YIPABIATh KA4eCTBOM HMCTOYHHMKOB TEIUIA HA
JJIEKTPOaxX, a CIACIOBATEILHO U KAYECTBOM IIPOIECcCa IPO3UHU, OCYIISCTBIISI 00paOOTKy HE3aBHCHUMO OT TOKA B
HIMPOKOM JTMAIIa30HE PEKUMOB, HAUYUHASL OT IPpyOOro pa3MEepHOIo IUIABJICHUS M JI0 MPEBaIMPYIOLIETO TOHKOTO
pa3sMepHOTO HCTIApPECHHMS.
JIeKTpUYecKasi 1yra, aHo/, KaTo/, CToJI0 Iyrd, HCTOYHHUK TeNJia, padoyas :KUAKOCTb, IJIOTHOCTH TOKA

IlocTanoBka npodjeMu. Enekrpuuny ayry posriasgaloTh sSIK CyMy TPhOX CaMOCTIHHO
TI0YUX JDKEpeN Terlia Ha KaToi, aHOMAl 1 cToBMi Iyru. Ilpu mboMy SIKICHI XapaKTepUCTUKU
(SKICTB) JKEpera Teria Ha KaTo [l BU3HAYAIOTh MOYKJIMBICTD 1 SIKICHY CTOPOHY MPOIECY epo3ii
(0O6poOKM) KaTOMA, a SIKICHI XapaKTePUCTUKHU (SKICTh) JKEpes TeIla Ha aHOA1 — MOKJIMBICTB 1
SAKICHY CTOPOHY Tiporiecy epo3ii (00poOku) anona. [TopiBHSAIBHI KIJTBKICHI Ta SKICHI OIIIHKH
JDKEpen Teljla Ha KaToJi 1 aHOoJi, B CBOIO 4epry, IO3BOJSAIOTH 3POOMTH BHUCHOBKH PO
MOJISIPHICTh  €JIEKTPUYHOI €po3ii, OCKIIbKH, SK BiOMO, e(eKT eJIeKTpUu4YHOi epo3ii €
HOJISIPHUM, TOOTO SIK KUJIbKICHO TaK 1 SIKICHO epo3is KaTo/a i aHo/1a BiAPI3HAIOTHCS.

AHaJi3 ocTaHHIX gocaigxkens i myoaikaniii. Ha mormsia JI. Jle6a [1], “Ham3Buyaiino
BHCOKI KOHIIGHTpAIlil eHeprii B KaTOAHIN MIIsAMi 1 MPWIETiid A0 Hel KOHTparoBaHii Iuia3mi
poOJIATh B3arayii MpoOJEMATUYHUM JUIS TOBEPXHI IUIIMH 3aCTOCYBAaHHS TaKUX MOHSTbH, SK
poboTa BUXO/Ty €JIEKTPOHIB, TEIJIONPOBIAHICTh, TEMIIEPATYpa, TEIUIOTA BUITIAPOBYBAHHS, TUCK
i1 1. 1.7 I. I'. KecaeB ctBepmkye: “CkianaHHs OanaHCy eHeprii /Uis KaToAa MpU Cy4yacHOMY
PIBHI 3HaHb TOB’SI3aHO 31 3HAYHOI HEBU3HAUCHICTIO MPU BUOOPI BEJIUYHH, IO BXOJSTH 0
HBOTO, BHACIHIJOK YOTrO II€ METOJ BUIIIEHHS 3a1adi € 3aznaneringp xubuum” [2]. Tpeba
BiJIpa3y K 3a3HAYMTH, IO “IpPU BUBYEHI €IEKTPUYHUX AYT SBUIIAM OIS aHOAA HMPUIUISIIOCH
3HAYHO MEHINIE YBarw, HiXK siBUIIaM Oinst karoaa” [1], B 3B 3Ky 3 YUM CKIaJaHHS OalaHCy
EHepTii JIs1 aHO/Aa TUM OLTBII YCKIIaTHECHE.

[Ilo >k 10 MOPIBHSIIBHUX XapaKTEPUCTHUK JDKEpeN Telja Ha KaToll 1 aHoAi, TO Ui
3BUYAWHUX YT THUIA 3BapIOBAIBHUX ‘“‘@aHOIHA 00JIACTh, HA TOTJISA OLIBIIOCTI JOCIHITHUKIB,
Mae OUTbIy JOBXHHY (BHCOTY) Ta 00’€M, HDK KaToAHa. ToMy KOHIIEHTpaLisl eHeprii B Lii
oOyacti 3BUYailHO MEHIIA, HDK HAa KaTOJl, a KyMYJSATUBHI IpOLECH MNpHU ii pyHHYyBaHHI
MOBUHHI B OUTBIIOCTI BUMAJKIB mpoTikaTh Otk MisBo [1]”. Bimomo Takox, mo “aHomHa
WwisiMa Mae OUIbLIY TEHJEHLII0 3aIMIIAaTUCh HEPYXOMOIO, HDX KartomHa ruisima” [3]. Kpim
TOro, SKICTb JDKEped Tersla Ha KaToAl 1 aHoAl 3HAYHOK MIpPOI0 BU3HAYAETHCS
TeI0(i3MYHUMH KOHCTaHTaMHU MaTtepially OKpeMO Ha KaToAl 1 OKpeMo Ha aHofl. Tak,
HaNpUKIaJ, BUSABISETHCS, 110, HA BIIMIHY BiJl CTaJeBHX, TYroIUIaBKi KaTOAM, HANPUKIAI 3
BoJb()pamMy, PYHHYIOTBCS 3HAYHO MEHIN 1HTEHCHMBHO, HIX aHoau. I, HapemTi, P. Ekkep
3a3Havyae [4] “...mpHeNeKTpoaHI 00JacTi BIIUIAKYIOTh EKCIIEPUMEHTATOpPIB Ta TEOPETUKIB
BEJIMKOIO PI3HOMAaHITHICTIO (popM icHyBaHHA... Hecraul B KUIBKOCTI poOIT HEMa, HEJOCTa€e
TUIBKH SICHOCTI Ta 00'€KTUBHOCTI.”

IMocTanoBKa 3aBaaHHs. [3 BUKIaEHOTO MOXHA 3pOOUTH BaXKJIMBHIA, HA HAII TTOTJIS,
BUCHOBOK: CKJIACTH JIOCTOBIpHUI OajaHc eHeprii Juist KaToaHO1 06JacTi 1 OKPEeMO Ui aHOTHOT
oOrnacti ayru, ToOTO AAaT KUIBKICHY 1 SIKICHY XapaKTE€pPHCTHUKY JDKEpen Telja OKpPeMO Ha
aHOl 1 OKPeMO Ha KaTo[li, BAKOPHCTOBYIOUH 1CHYIOUI KJIACHYHI YSBJICHHS IPO eJIeMEHTapH1
IPOIIECH B Ay3i, TENEPINTHHOTO Yacy HEMOXJIINBO. ToMy IUIsi BUBYCHHS SIKOCTI JKEpeEIl Teruia
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Ha eJIeKTpoaax Tpeba, MpUHAMMHI 3apa3, BAKOPUCTATH 1HIII 3aco0u. 30KkpeMa, SKIiCTh JKEpen
TeIJIa Ha eJIEKTPOAax Moxe OyTH OXapaKTepu3oBaHa OO0 ’€MHOI TyCTHHOK TEMIOBOi
HOTYXXKHOCTI B KAaTOJAHOMY Ta AaHOAHOMY JpKepenax Teruia [5], ska, B CBOIO 4epry,
BU3HAYA€ThCSI TYCTUHOIO CTPYMYy Ta HANpPYXKEHICTIO EJIEKTPUYHOTO IOJs BIAMNOBIIHO B
KaTOJHI/ Ta aHO/HIN 00IacTsIX TYTH.

BuxkJaa ocHoBHOro marepianay. ['ycTuHa cTpyMy B 1y3i, 110 TOPUTH B TONEPEUHOMY
MOTOII PiWHU, HAaMU BU3Ha4YeHa. Bona B 5...10 1 OibIe pasiB MEpPeBUIIYE TYCTUHY CTPyMY
BIZIKPUTUX YT 1 30UIBIIYEThCS (3MEHIIYETHCS) IPU 301IbIICHH] (3MEHILEHHI) TMHAMIYHOTO
TUCKY NOTOKY. IIpy IbOMY Hanpy»eHICTh €JIEKTPUYHOIO MOJI B MPUEIIEKTPOAHUX 00IaCTAX
[6] B 2...3 pa3u BUILA, HIX Y 3BUYAHUX Jyrax B HOBITPI, 1 30UIbIIYETHCS (3MEHIIYETHCS) MIPH
30UIbIIEHH] (3MEHIIICHH1) JUHAMIYHOTO THUCKY TOTOKY. Lle m03Bossie 3poOMTH BUCHOBOK, IIIO
IpY TOPIHHI AYTU B MONEPEYHOMY MOTOLI PIAUHU 00’ €MHA T'YCTHHA TEIJIOBOI MOTYXHOCTI B
KaTOJHOMY 1 aHOAHOMY JDKEpeNax Telula 3HAayHO BuIa (Ha TMOPSAJOK 1 OuIbIIe), HDK Y
3BHYAHUX Jyrax B IOBITPi, 1 PEryJlIO€ThCS B IIUPOKUX MeXaxX 3a pPaXyHOK 3MiHH
JUHAMIYHOTO THCKY MOTOKY; IIPU I[bOMY NPH 30UIbIIEHH] (3MEHIIMHHI) IUHAMIYHOTO TUCKY
NOTOKY 00’€MHa T'yCTMHA TEIJIOBOI MOTYXKHOCTI 3a3HAYCHMX JDKEpes Teria 30UIbLIYeThCs
(3MenmyeThes). Tomy Taka ayra, Ha BiAMIHY BiJ 3BHYalHUX Iyr B TOBITPi, MOXEe OyTH
BUKOPHUCTaHA JJIs1 pO3MipHOI 00pOOKH MeTay.

[Ipote, B KiHIIEBOMY MiJCYMKY, PO MPUAATHICTh TaKOI IYTH ISl PO3MIPHOT 00pOOKH
MeTaJy MOXKHA CYIUTH JIMIIE 32 XapakTepoM ii TEIIoBOi Iii Ha €JIEeKTPOIH, 30KpeMa IO
podiTro JTyHOK 00pOOJICHOT MOBEPXHI Ta MO BEJIWYUHI 1 CTPYKTYPl 30H TEPMIYHOTO BILUIUBY
BIJIOBITHO Ha KaTO1 1 aHOA1. PO3TIsTHEMO 3 II€10 METOIO JIeSKi XapaKTepHI IPHUKIA U,

Ha puc. 1 mokazano npodiai OAMHUYHUX JIYHOK OOpOOJICHOT MOBEpPXHI HA KaTo.i 1
aHozi 13 cram 45 npu ropiHHi Ayrd B nonepeyHomy noroui Boau npu crpymi / = 400A 1 npu
pI3HUX NIWHAMIYHMX THCKax MOTOKy Py a came: a) P,;=0,IMIla; 6) P;=0,4Mlla; ¢)
P;=1MIla. HaBeneni mnpo¢ini JyHOK NOKa3yloTh, IO IUIONII MOMNEPEYHHX Mepepi3iB
“CTpYKKH’’ Ha KaTo/l 1 aHO/1 BIIPI3HSIOTHCSI HE3HAUHO, IPUUOMY ITpH 301Ib1IeHH] Py po3Mipu
“CTpYXKH’ B TOPH30OHTAJIBHOMY HANpSMKY 3MEHIIYIOTbCS MOMITHO, @ B BEPTUKAJIBLHOMY
HanpsIMKy — He3HayHo. Ha puc. 2 mis THX XK€ yMOB MOKa3aHO 3MiHY TOBIIMHH 30HU
TepMiyHOro BruMBY H Ha karonai 1 aHoxi B (yHKUII JUHAMIYHOTO THUCKY TOTOKY Py
OTpuMaHa 3aJ€XHICTh CBITYUTH, 10 TOBIIMHHU 30H TEPMIYHOTO BIUIMBY Ha KaTO/l 1 aHOMI
npuOJIM3HO OTHAKOBI, MTOMITHO 3MEHINYIOThCS MU 301IbIIeHH] Py 1 IPU TOCTaTHHO 3HAUYHUX
P, ipakTUYHO BiJICYTHI.
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Pucynox 1 — IIpodini ogMHUYHKX JTYHOK Ha KaTo.i 1 aHoAi i3 cTai 45
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Pucynox 2 — 3anexHicTh TOBIIMHYU 30HH TepMiuHOTO BILMBY H Ha Kartozi i anoxi i3 crani 45 Bix Pd

PucyHnok 3 — MikpocTpyKTypa 30HH TepMIYHOTO BIUIMBY Ha Kartoi (a.) 1anoxi (0) i3 crami 45 (x500)

3a3HauMMo, 110 MO CTPYKTYpl 30HM TEPMIUHOTO BIUIMBY Ha KaToMAl 1 aHOAI MOXYTh
CyTTEeBO BiApi3HATHCS. Ha puc. 3 moka3aHo 3HIMKH MIKPOCTPYKTYP 30H TEPMIYHOTO BIUIUBY
Ha KaTojl 1 Ha aHOMI JUIs BUIIEHaBEAECHUX yMOB o0poOku mpu P, = 0,4MIla. Ha 3nimkax
BUJIHO, 1[0 30HA TEPMIYHOTO BIUIMBY HA aHOJI HE TIIBKH JEII0 MEHIA, aje TaKOX HE Mae
XapaKTepHOTo JJIsl eJIeKTPOepo3iiiHOT 0OpOoOKM MOBEPXHEBOIo LIapy MiABHIIEHOI TBEPAOCTI
(ockinibkM 3epHa GepuTy BUXOIATH 10 nepudepii mutidy), o 30KpemMa, Mojierurye noaibiry
MeXaHiuHy 00pOOKYy.

B nmiamazoni pocnmipKeHUX PEeXUMIB 0OpOOKH OTpHMaHi JaHi JO3BOJSIOTH TOCTAaTHBO
JIOCTOBIPHO CYIUTH IPO SKICTh JDKEpeNn TeIula Ha eJeKTpoJaxX, a OTXKe PO MOJSIPHICTH
€JIEKTPUYHOI epo3ii Ta TEXHOJOTIYHI PeXUMH, IKUM Tpeba HaJaaTH mepeBary. Tak, OCKUIbKU
€po30BaHi 00’€MH 1 TOBIIMHA 30HM TEPMIUYHOTO BIUIMBY Ha KaTOJI Ta aHOJI BIJIPI3HSAIOTHCA
HE3HAYHO, MO’KHA 3pOOUTH BUCHOBKH, IO SIKICHI Ta KIJIBKICHI XapaKTEPUCTUKH KaTOTHOTO 1
aHOJHOTO JDKEped Temsa, B BIIOMHUX MeXax, OJHAKOBI. 3MEHIICHHS TOBILMHHM 30HHU
TEPMIYHOTO BIUIMBY MPAaKTHUYHO JO HYJsS MpU BIANOBIAHOMY 301iblIeHHI Py J103BOJISIE
3pOoOUTH BUCHOBOK, II0 IIPU TOPIHHI Iyr'¥ B MONEPEYHOMY MOTOL PIAMHHU €po3is eNeKTPOIiB
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MOXe BiI0yBaTHUChH B IIMPOKOMY Jlialla30Hi pPeXHUMIB, TOUYMHAIOYHN BiJl PO3MIPHOTO IUIABICHHS
1 KIHYalOYM DPO3MIPHUM BHUITAPOBYBAHHSAM 1 JIOCATAETHCS 1€ BIAMOBIIHUM PETYIIOBAHHIM
JUHAMIYHOTO THCKY OTOKY. [Ipu BUOOPI MONAPHOCTI €IEKTPOIIB Ta PEXUMIB 00pOOKH Tpeba
B IIbOMY BHUIIQJKy BpPaxOBYBaTH KOHKPETHI TEXHOJIOTIYHI 3ajadi. Tak, Mpu HEOOXITHOCTI
MOJANBIIOT  MeXaHIYHOI OOpOOKHM, KOJM TIOBEPXHEBUH Iap IMiJBHUIIEHOI TBEPIOCTI
HeOakaHW#, JeTanb IMOBHMHHA OyTH aHOAOM (mpsiMa MOJAPHICTB), a 00poOKa IMOBHUHHA
3IMCHIOBATHCH MPHU BIAMOBITHUX Py .

[Tpu BuKOpHCTaHHI OJHOTO 3 enekTpoiB i3 ctaii (E3) i npyroro enekrpoza 3 rpadity
(ED) sxicte mxepena Teruta Ha E3, a, BIAMOBIIHO, KUIBKICHA Ta SIKICHA CTOPOHH IPOIIECY
00poOKHM BH3HAYAIOTHCS 3HAYHOIO MIpOIO TMOJIAPHICTIO enekTponiB. [Ipu mpomy mo rurommi
KaTOJHOTO JpKepena Tera (akmo E3 € kaTtoa) TernaoBa MOTYXHICTh PO3MOIICHA TOCTATHBO
pPIBHOMIPHO, TOXI $K MO IUIOLI aHOMHOrO kepena Ttemita (sxmo E3 € anon) BoHa
po3moizieHa HEPIBHOMIPHO, 3 SBHO BHPaXEHUM MAaKCHMyMOM B IIEHTPI, BHACIIJOK YOTO
IIOPCTKICTh aHO/1a 3HAYHO MEPEBUIIYE MOPCTKICTh Karona. Lle BuaHo Ha puc. 1, ne mokazaHo
npodini TyHOK Ha Karoxai 1 aHomi 3 ctami 45 mpu BukopuctanHi EI 3 rpadity MIIT-7 mpu
ctpymi /=400A 1 nquHaMiyHOMY THCKY MOTOKy Boau P;=0,1Mlla. 3a3naunmo, 1mo mpu
IbOMY aHOJHE JDKEepesio Teryia 3a0e3redyye 3HavyHO OlbIl BHCOKY TPOIYKTHBHICTH
(mpubmm3HO B 1,5...1,8 pa3u), Hixk kaTogHe. TOMY BHCHOBOK ISl IIbOTO BUIIAJKY MOXKE OyTH
TaKWi: KO Tpeba 3a0e3MeUnTH BUCOKY SKICTh OOPOOKH, TO CIiJ 3aCTOCOBYBATH 3BOPOTHY
HOJISIPHICTB; 11 3a0€e3MeueHHs OUIbII BUCOKOT MPOJIYKTHBHOCTI Tpeba 3aCTOCOBYBATH MPSAMY
MOJIAPHICTb.

SIKicTh JDKepel Telia Ha eNeKTPOoAax 3HaYHOK MipOI0 BU3HAYAETHCS TEIIO(I3HUHUMHU
KOHCTaHTaMH MaTepialay eJIeKTpOJiB. 30KpeMa, BIJOMO, IO Ha BIAMIHY BiJ CTaJeBUX
TYTOIUTaBKi KaTOJH, HAIIPUKJIA/, 13 TBEPAOIO CIUIAaBY, PYHHYIOTHCS 3HAYHO MEHII IHTEHCHUBHO,
HDK aHoau. Tomy TBepai crmuiaBd B ymoBax POJl oOpoOMSsItOTBCS TUTBKH Ha TPSIMIii
HOJISIPHOCTI.

Tpeba BpaxoByBaTH, IO AKICTh JPKEpEN TEIIa HAa €JIEKTPOJaX MOXKE BU3HAYATHCH 1
OyTH PiI3HOIO B 3B’SI3KY 3 PI3HUMH TiAPOJUHAMIYHUMH PEXKHUMAMU PyXy PIIMHHU IO BUCOTI
MDKeJIeKTpoaHoTO 3a30py [7,8]. Lle crocyeTbes mepir 3a Bce AUISTHOK, JIe BiOYBaeThCs 3MiHA
HanpsMKy Tedi podouoi piaunu (puc. 4) [9]. Tak, HanpukiIaa, Tpy peaizalii nIpouecy MoMixx
CTaJICBUMU €JIeKTpoJaMu ojHoro mgiamerpa npu P,;=0,4Mlla npu BiZHOCHOMY 3CyBI
€JIEKTPOJIB — HEXall HaBiTh Ha JIecATI A0l MiTimeTpa (puc. 5, a), CIOCTEepIraeThcsl SIBHO
BHUpa)X€Ha HEpIBHOMIpHA epo3id eneKTpodiB (puc. 5,06). OcoOnuBO 1€ MOMITHO Ha
JiaMeTpaJbHO TPOTHWIEKHUX MUISHKAaX. Takoro He CHOCTEepIraeThCs, HANPHUKIAA, IPH
BIJICYTHOCTI 3CYyBY €JIEKTpOJiB abo X Mpu 3BUYaiHOMY mpomuBaHHI. lle o3Hayae, 1m0
BU3HAYaJbHUMHU B 1IbOMY BHIIQJKy € Pi3HI T1APOAWHAMIUHI PEXUMHU Tedi poOOYOi PiTUHU TO
BHCOTI MIKEJIEKTPOAHOIO 3a30py, fKI OOYMOBIIOIOTH PI3HY SKICTh JKEpesl TeIula Ha
€JIEKTPOJax, a OTXe Pi3HI KUIBKICHI Ta SKICHI XapaKTepUCTHKH MPOLECy epo3ii eNeKTPOMdiB.
OTtpumye nosicHeHHS TakoXK (aKT 1HBEPCIT €IEKTPUUHOI epo3ii.

BusHauuMo 3riiHO ICHYIOUMX YSIBJI€Hb B 00jacTi (Pi3UKM TEIUIOBUX IMPOLIECIB JESKI
SKICHI XapaKTepUCTUKH JKEpes Telia Ha enekTpoaax B ymoBax POJI Ta iX BianmoBiaHICTh
eKCTICPUMEHTAILHUM JTaHUM JIJIS1 €JICKTPO/IIB 13 3aj1i3a Ta CTajei.
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Pucynok 4 — Entopa mBUIKOCTEH 1 TUCKIB MMOTOKY PiIMHU B BUTHYTHX KaHAJIaX

Pucynox 5 — Xapakrep 3HOCY €JI€KTpOJIB 31 cTalli NpH iX BiJHOCHOMY 3CyBi

TeroTy 3amiza, sika BHUTpayaeTbCsd Ha WOTO HarpiBaHHS IPH IEPEBEACHHI BiJ
noyaTtkoBoro crany (25°C) no KiHIIEBOro (Temreparypa KUIMiHHS), KOJH METal 3HaXOIUThCA
B Ta30110JiI0HOMY CTaH1 3HaXOAUMO 33 BUPA30M:

1033K 1184K 1674K
0= [ C, (DT +L, g+ [C (DT +L, ++ [C, (D)dT+L,
298K 1033K 1184K
1812K 3343K
+ j C,s(I)dT + L, ++ J.Cp,p(T)dT +1, (1)
1674K 1812K
ne Cm, CP’B, CM, Cp,s, Cp’p — TEIUIOEMHOCTI, BIJAMOBIAHO, TBEPAOTO 3aiiza y
Moudikamisax o, B, y 1 0 Ta piakoro 3aniza;
L, g, L, , L ; — Temiora BiAnoBiaHux (ha3oBUX MEPETBOPEHD;
L,, L, — TennoTa IuIaBIE€HHS 1 BUIAPOBYBaHH.

3anexHICTh TEIUIOEMHOCTI BiJl TEMIIEpaTypH XapakTepu3yeThes piBHAHHAM [10]:

C,=a+6-10°T+C-10°T". )
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3HaueHHsT KOe(illi€HTIB @, 6 1 ¢, a TAKOXK TeruioTa (a30BUX MEPETBOPEHb IS 3aii3a
HaBeneHi y Tabm. 1 [10].

Tabmums 1 — KoeditieHT TemnepaTypHOi 3a1eKHOCTI TerioeMHoCTI ([owc/e-am-K) ta
TEIOTH (a30BUX MEPETBOPEHb 3auiza ([owc/e-am)

Momudikaris 3aiiza Tin—Tix a; 8; C; L;
a 298...1033 4,18 5,92 0 2760
B 1033...1184 9,0 0 0 920
y 1184...1674 1,84 4,66 0 880
S 1674...1812 10,5 0 0 15490
pioke 1812...3343 10,0 0 0 374300
[Ticns migcranoBku (4.2) B (4.1) Ta iHTETpyBaHHS OTPUMYEMO:
5
0= Z{ (]:K _Ti,n) [ a; + 0,5 6; .1073(Ti,n + Ti,K) + Ci '105/(Ti,n 'Ti,;c)]"" Li} 3)
i=1

1€ i — HoOMep TeMIepaTrypHoi AuIsHkY; 1, Ta 7 — modaTKoBa i KiHIIEBa TEMIEpATypu
Ha I-Tii TUTSHII.

Pesynbratu po3paxyHky 3a ¢hopmysoro (3) npu BUKOPUCTAaHHI JaHUX Ta0a. 1 HaBeneHi
y Tabm. 2 Ta Ha puc. 6.

Tabmuis 2 — 3anexHICTh TEIUIOBMICTY 3aiTi3a BiJl TEMIIEpaTypu

T.K 298 500 700 900 1033 | 1033 1184 | 1184

0, [c/2-am 0 1322 | 2868 | 4651 | 5968 | 8728 | 10087 | 11007
T,K 1400 1674 1674 1812 1812 2000 2200

0, [c/2-am 12705 15172 | 16052 | 17500 | 32991 34871 36871

T,.K 2400 2600 2800 3000 3200 3343 3343
0, ouc/e-am 38871 | 40871 | 42871 | 44871 | 46871 | 48301 | 422600

[Tpu PO/, six 3a3Ha4anoch, €IEKTPUYHA €PO3isl HE3AJIEKHO BiJ] CTPYMY BiIOYBA€THCS B
IIMPOKOMY Jiala3oHi PEeXHMMiB, MMOYMHAIOYM Bl PO3MIPHOTO IUIABIEHHA 1 aX JIO TOHKOTO
PO3MIpPHOTO BHIIApOBYBaHHs. ToMy JiKepesa Terula Ha eJIeKTpoiax 3a TaKUX YMOB MOXKYTh OyTH
OXapaKTepH30BaHi Jliara3oHaMu TEeMIIEpaTyp T=1812...3343 K 1 TEIUIOTH
0 =32991...422600 />«c/>—am (puc. 6) BIINOBIAHO MPH IUHAMIYHUX TUCKaX MOTOKY poOOYOi
pimuan B Mmexax Py =0,01...0,5 MIla (puc. 2). Ile no3Boisie, 30KkpeMa, OI[IHUTH TUTOMI BUTPATH
€JIEKTPOEHEPTii Ta MPOIYKTUBHICTH MPOIIECY, SIKI BIAMOBIIAIOTh €KCIIEPUMEHTAIBHUM JAaHUM, a
TaKO)X BUKOPUCTATH OTPUMaHI JIaHi SIK BUXI1JIHI U BU3HAUYEHHs (DYHKLIT TEeMIIepaTypHOro MoJis B
30HI Aii 3a3HAYEHUX JDKEpes Teria, 1110, B CBOIO 4Yepry, J03BOJISE OLIHUTU BEIWYMHY 30HU
TepMiyHOro BILIUBY Iipu PO/I.

Matemaruune ¢popMyItOBaHHS 3a4aui:

2
a—TzaaZ, 0<x <o
ot Oox
T, v)=T,; 4)

T(x, 0)=T, 0<x<oo
ne T, 1 T, — temniepaTypa MOBEpXHI 1 IOYaTKOBA TEMIIEPATypa;
a=6,7-10"° x’/c — xoediuient Temmeparypomnposizuocti [11].

86



ISSN 2409-9392 TexHika B CLIILCHKOTOCIIOJAPCHKOMY BUPOOHHUIITBI, Tajqy3eBe MalinHOOYAyBaHHs, aBTomMaru3aiis, 2018, Bum. 31

H, £y o
Mea 2" Fa STawedz-com
5 O e e s S Shis S R i o i T e
2 T 420000 ] | | -| ||
5- | |
410000 ek e — —— o . .|_ : k
101 47571 | =
400000 vl
151 il 1 | | :
280000 | &
20- | o
451 :
380000 o 1
L
0.5 ——
1551 |
0.25¢
1601
165 g1l
JO0ET : -1';"-. &
g N1 S i '
55958 Ol I
S | - |
o 500 1033 1184 1674 1E17 2000 2500 o0 ma T, K

Pucynox 6 — SIkicHI XapaKTepUCTHKH JKEPEIl TeIlla Ha CTAJICBUX EJIEKTPOoIax
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Pucynox 7 — TemnepartypHe 1moJie B 30Hi Aii JyKepera Tema

Po3B*sa30k 3anaui (4) € Bigomum [11]:
T - T 2 Y 2
== —="7[eVdU, (5)

0=
T,-T, md

ne U — xoMmIuiekcHa 0e3po3MipHa 3MiHHA, SIKa BU3HAYAETHCS 3aJIaHUMHU 3HAYCHHSIMU

napameTpiB x i 7.
U=x/(2Ja-1). (6)

Busznaunmo 3a gomomororo piBHSHb (5) 1 (6) rUOUMHY 30HHM TEPMIUHOTO BIUIUBY
3rigHo 3a3HayeHux ymoB npu 7 = 0,005¢ npu 7, = T,,, = 1812K, T, = 303K, i 7= 1073K. Ilpu
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nsomy @=0,4762; U= 0,451 [12]. B miacymMKy OTpUMYy€EMO:
x=U-2Ja-1=1,65-10"m, (7)

OpneprxaHe 3HaYEHHS X BIJIIIOBIJIa€ EKCIIEPUMEHTATBHOMY (PHUC. 2) MPU AUHAMIYHOMY
TUCKY TOTOKY pIAMHH B 30HI 00poOku P,;= 10'Ila Ta no3BOISE MPUOTU3HO BHU3HAYUTH
IMMOMHY 30HM TE€PMIYHOTrO BIUIMBY H 3rifIHO 3a3HAYEHUX YMOB NPU JHUHAMIYHOMY THUCKY
noToky B Mmexxax Py = 0,01...0,5MIIa (puc. 6).

BucHoBkn. MOXIUBOCTI Ta fAKICHI 1 KIJIBKICHI XapakTepucTuku mpouecy PO/
BU3HAYAIOTHCS SKICHUMHU XapaKTEPUCTHKAMH (SIKICTIO) JDKEpes Terula Ha eIeKTPoaax, MepIi
3a Bce, 00’€MHOI0 TYCTHHOIO TEIUIOBOi MOTY)XHOCTi. OCTaHHS, B CBOIO Y€pry, BU3ZHAYAETHCS
JUHAMIYHUM THCKOM TIOTOKY po0OYOi PIAMHH, a TaKOX, B BIIOMHUX MeXaX, IMOJISIPHICTIO
€JIEKTPOiB. B 3B’A3Ky 3 LIUM € MOMIJIMBHUM JIETKO (32 PaxyHOK DPEryJIIOBaHHS IIBHIKOCTI
MOTOKY po00YO0i PiUHN) KepyBaTH SKICTIO JHKEPE TeIla Ha €JIeKTPOJax, a OTKe 1 SKICTIO
nporecy eposii, 3AiiCHIOIYN 00pOOKY HE3ale)KHO BiJl CTPyMy B IIMPOKOMY Jiama3oHi
PEeXUMIB, TIOYMHAIOYN BiJl TPYOOTr0 PO3MIPHOTO TUIABJICHHS 1 @K J0 MPEBATIOIYOT0 TOHKOTO
PO3MIPHOT'O BUIIAPOBYBAHHS.

®diznunnii npouec enekTpuuHoi eposii mpu POJl xapaktepusyerbcs Oe3nepepBHUM
HiIBEICHHSIM €Heprii B 30HY OOpoOkH, Oe3mepepBHUM TOPIHHAM AYTH 1 Oe3nepepBHUM
ICHYBaHHSM JDKEpEN Teria Ha enekrpoaax. OTke Oe3nepepBHOIO € TEIIoBa Jisl po3psay Ha
EJIEKTPOIH 1 Oe3MepepBHO MPOXOAUTH MPOIIEC epo3ii.

OnrcaHo 3TiTHO ICHYIOYHX YSABJICHh B 00JIacTi (Pi3MKM TEIJIOBHUX TMPOIECIB JESKI
SKICHI XapaKTepUCTUKH JDKEpes Telyia Ha enekTpoaax B ymoBax POJI Ta ix BiamoBiaHiCTh
EKCTICPUMEHTAJIbHUM JTaHUM JIJIs1 €JICKTPO/IIB 13 3aj1i3a Ta CTajei.
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Qualitative Characteristics of Heat Sources on Steel Electrodes

The electric arc is considered as the sum of three independently operating heat sources at the cathode,
anode and arc column. At the same time, the qualitative characteristics (quality) of the heat source at the cathode
determine the possibility and the qualitative side of the cathode erosion process, and the qualitative characteristics
(quality) of the heat sources at the anode are the possibility and the qualitative side of the anode erosion process
(treatment). Comparative quantitative and qualitative estimates of heat sources at the cathode and anode, in turn,
allow us to draw conclusions about the polarity of electrical erosion, since, as is known, the effect of electric
erosion is polar, that is, both quantitatively and qualitatively the erosion of the cathode and anode differ.

Create a reliable energy balance for the cathode region and separately for the anode region of the arc,
that is, to give a quantitative and qualitative characterization of heat sources separately at the anode and
separately at the cathode, using existing classical concepts of elementary processes in the arc, at the present time
is impossible. The quality of the heat sources on the electrodes is described by the volume density of thermal
power in the cathode and anode heat sources, which, in turn, is determined by the current density and the electric
field strength, respectively, in the cathode and anode regions of the arc.

The qualities and qualitative and quantitative characteristics of the process of dimensional processing by
an electric arc are determined by the qualitative characteristics (quality) of the heat sources on the electrodes,
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first of all, by the volume density of the thermal power. The latter, in turn, is determined by the dynamic pressure
of the flow of the working fluid, as well as, in certain limits, by the polarity of the electrodes. In this connection,
it is possible to easily control the quality of the heat sources on the electrodes, and consequently the quality of
the erosion process, performing processing irrespective of the current in a wide range of modes, beginning from
rough sized melting and to prevailing thin dimensional evaporation.

The physical process of electric erosion during dimensional processing by electric arc is characterized
by a continuous supply of energy to the treatment zone, continuous burning of the arc and the continuous
existence of heat sources at the electrodes. So the thermal effect of the discharge on the electrodes is continuous
and the process of erosion is continuously proceeding.

Described according to the existing ideas in the field of the physics of thermal processes, some
qualitative characteristics of heat sources on electrodes under conditions of dimensional processing by an electric
arc and their correspondence to experimental data for electrodes from iron and steels.
electric arc, anode, cathode, arc column, source of heat, working fluid, current density
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Improved quality control of welded joints

In this work, the magnetic field was reconfigured to control the suture. A computational model with a
layout scheme for the horizontal and vertical magnetic fields of the seam bead with reference to the Cartesian
coordinate system is proposed. The magnetic charges for a given welding roller are calculated. The topography
of the defect field on the surface of the butt weld has been estimated. The results of the calculation of the
tangential component of the field of convexity of the weld are obtained when the object is magnetized at an
angle to the surface by the primary. The results of theoretical and experimental studies have shown high
consistency, it is established that when the object is magnetized simultaneously perpendicular and parallel to its
surface, the tangential component of the field The convexity of the seam is skew-symmetric, reminiscent of a
sinusoid. The change in the convexity parameters of the weld does not change the field in the plane of its
symmetry.
control, quality, object, welding compound, roller, topography, field, reliability, joint welding joint, defect,
surface, magnet, Cartesian coordinate system

A.N. Ma:xeiika, npod., KaH/A. TeXH. HAYK
l[enmpa/zbnoykpaw-tcxud HaquHa]leblﬁ MmexHu4ecKull YHUsepcumem, . KponueHuuKuzl, Ykpauna
IToBBILIEHHE KOHTPOJIA KAYeCTBA CBAPHbIX COCAUHEHNH

B pa60Te MPOBEACHO MEPECTPOCHUE MArHUTHOI'O HOJIA AJIA KOHTPOJIA CBAPOYHOI'O IIBA. Hpezmomeﬂa
pacyeTHad MOJCIb CO CXeMOoM PACIIOJIOKCHUA TOPU3OHTAJIIBHOIO U BCPTUKAJIBHOI'O MArHUTHBIX MOJIeH BaJuKa
mBa C HpI/IBHSKOﬁ K I[eKapTOBOﬁ CHUCTEME KOOpAMHAT. HpOI/ISBe,EleH pacdeT MaroHuTHLIX 3apsAA0B I 3aJaHHOI'O
cBapouHoro Banmuka. OmuenHeHa tomorpadus mois AeeKTa Ha IMOBEPXHOCTH CTHIKOBOTO CBApHOTO INBa
Tlonmydensl pe3ysabTaThl pacueTa TAHTCHIHATbHON COCTABIISAIONICH MOJIS BBIMYKIOCTH IIBA TP HAMarHUYMBaHUU
0o0beKTa moa yrjoM K TOBEPXHOCTH TICPBUYHBIM PeSyHLTaTBI TCOPETUUYCCKUX U OKCIICPUMEHTAJIbHBIX
HCCJ’IG}IOBaHI/Iﬁ IMoKasaJin BBICOKYIO COIIaCOBAHHOCTH, YCTAaHOBJICHO, YTO KOrI'Ja 00BbEeKT HaMarHu4yeH
OAHOBPEMECHHO MNEPICHAUKYIAPHO W HapaUICJIbHO €ro MNOBEPXHOCTH, TaHI'CHIHAJIbHAsA COCTaBJIAIOMIAasA I10JIA
BBIITYKJIOCTH IIBa SABJIACTCA KOCOCHMMeTpPI‘lHOfI, Hal'[OMPIHaIOH.[eﬁ CUHyCcounay. H3menenne napamMeTpoB
BBIITYKJIOCTH HIBA HC MPUBOAUT K U3BMCHCHUIO MOJI B INIOCKOCTH €TI0 CUMMCETPUH.
KOHTPOJ1b, KA4€CTBO, 00bEKT, CBAPOYHOE COeJUHEeHHE, BAIUK, TONOrpadus, noje, HageKHOCTh, CTHIKOBOI
CBAPOYHbBIi 1I0B, 1e()eKT, IOBEPXHOCTb, MATHUT, J€KAPTOBA CHCTEMa KOOPAMHAT
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