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ANALYSIS OF THE COMPOSITION OF CORED WIRES FOR OBTAINING
INCREASED WEAR-RESISTANT PROPERTIES OF METALLIZATION COATING
USING A PULSATING SPRAY AIR FLOW

Currently, the main direction in the development of powder wire charge compositions is the
use of powders of carbides, nitrides, as well as powders used for gas flame, plasma and detonation
sputtering. The expected effect here is always achieved due to active oxidation and decay of some
components of the charge. At the same time, the cost of the material remains quite high and the
adhesion strength of the coating to the base is relatively low.

In the presented work, the solution to the problem of resource conservation due to the created
powdered wires, consisting of a low-carbon sheath and a filler of non-scarce, widespread powders
of metals and ferroalloys and a pulsating supply of atomized air flow, which ensure the production
of highly wear-resistant coatings with increased adhesion strength, as well as hard, strong oxides in
the applied coating.

This work presents a study of the compositions of powder-coated wires, an analysis of the
obtained coatings was carried out, and the composition of powders was recommended, which will
allow obtaining a high-quality applied coating with the use of a pulsating air flow.
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MIABUIIEHHS TPIIUHOCTIMKOCTI IPU BUCOKOIIBUJAKICHOMY
HATLJIABJIEHHI HA HU3bKI EHEPI'TI

IIpupooa 38apiosanna ma HANAAGNEHHS €IEKMPOMASHIMHA, MAK AK NPUPOOA MINCAMOMHUX
38’53Ki8 enekmpomacHimua. MidicamomHi 36°3Ku  00YMOGIEeHI NiHY-egheKmom MIKpOCmpyMis,
00epmarvuxcs HABKON0 A0pa eleKmpoHis, Oilomb HA MINCEeIeKMPOHHOMY pIBHI, U0 OOPIBHIOE
diamempy enekmpoHie 1 0% m i snauno nIOBUWLYE MINCAMOMHI 38 'SA3KU. 32I0HO 3aKOHY 30eperceHHs
eHepeii, npu eirexmpooy2080My HANIAGIEHHI Oyea Nepeoac OCHOBHOMY MemAny Mmeniogy ma
KIHeMuUu4Hy eHepeiio NiasmMo8Ux NOMoKie, nio i€l AKUX i mepmooedopMayiino20 YUKy GUHUKAIOMb
MIKPOCNOCMBOPEHHS KPUCMATIYHOI peudimKu, MIpoHanpyau, WilbHicms OUCIOKAYIL MA 36APIO6ATIbHI
Hanpyau.

Ilpu 3pocmanni weuOKocmi  HANNABNEHHS 30LILULYEMbCSA WBUOKICMb  Kpucmanizayii,
30pIiOHIOEMbC  MIKPOCMPYKMYPA, 3MEHULYEMbCA  eHepeis, MenloeKIaoenHs,  wo 3abesneuye
3MEHWIeHHA MIKPOCHOMEOPEHb KPUCMANIYHOI peuimKu, MIKpOHanpye,  36apio6albHUX Hanpye,
CKOPOYEHHSL MINCAMOMHOI 8i0CMAaHI, NIOBUWEHHS MINCAMOMHUX 38 3Ki68, MPIUWUHOCMIUKOCHI,
3HOCOCmilIkocmi ma KOpo3itiHoi cmitikocmi.  Po3paxyHKko80-eKcnepumeHmaibHuM —Ccnocooom
8CMAHOBIEHO, WO, 32I0HO 3aKOHY 30epediceHts eHepeii ma NpuHyuny cynepnosuyii, 3 ni08UUeHHIM
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MOBUUHU HANIABNIEHO20 MEMAILY 36API0GANIbHI HANPY2U CYMYIOMbCA, WO NPU3BO0OUMb 00 30INbULEHHS
36APIOBANILHUX HANpYe I, KOIU 38APIOBANIbHI HANpyeu Cmarome Oilbule MINCAMOMHUX 36 53Ki6,
ymeopeHnuto mpiwun. Tomy, 018 niosuweHHs MpPiUHOCMIKOCIE HeOOXIOHO 3MEHULY8AMU MOBUJUHY
HAanN1as1eH020 Memauy. 3aKOHOMIpHICMb 6NIUBY MOBWUHIU HANIABIEHO20 Memdaly Ha deghopmayii,
38apI0BANbHI HANPY2U A MPIWUHOCMIUKICMb NIOMBEPOAHCEHA NPAKMUYHO 8 BUPOOHUYUX YMO8ax. Ak
8CMAHOBIEHO, ONMUMANbHA MOBUUHA HANIABIEHO020 Memany Ol poOoYuUxX ma ONOPHUX 8AIKIE 3i
cmani 90XD, cxunvroi 0o ymeopenns mpiwun, 0,025 m na paoiyc.

Ilpu nannasenenni pooouux sanxie cmany 1700 i 36inbwenni moswuru 0o 0,04 m, 8 pezyromami
NIOBUWEHHs 36APIOBANLHUX HANpYe, HANIAAGNEeHUU Meman 6iouapyeascs no JiHii CHIAGNeHHs 3
OCHOBHUM Memanom. 3i 30invueHHAM emicmy 6y2leyto 8 HaniasieHomy memani oo 5,3%, npu
HANnIaeNeHHi KOHYCI8 3acuniux anapamis, oonycmuma mosuwuna oomexcena 0,012 — 0,017m, wo
KOHMPOTIOEMbC WNAXOM NPOMOYY8AHHA KAHABKU Neped HaNnlaeieHHAM. 3i 3HUINCEHHAM eHepeaii, npu
BUCOKOWBUOKICHOMY 36APIOBAHHI, WUPUHA BAIUKIE, MENI06KIAOEHHs, 36apPIOSANIbHI  HANpy2u
SMEHWYIOMbCS,  MIKPOCMPYKMYPa — 30PIOHIOEMbCA,  MINCAMOMHA  BIOCMAHbL  CKOPOYYEMbCA,
MIZCAMOMHI 38 A3KU  3PDOCMAlOMb, W0  3abe3neuye  NIOBUWEHHA  YOApHOi 8 A3KoCmi,
MPIWYUHOCMITUKOCMI MA 3HOCOCMIUKOCMI HANJIABIEH020 MeMAlly,

Pospobneno enepeozbepicarouuii npoyec 8UCOKOUWBUOKICHO2O HANABNIEHHA HA HU3bKILL eHepail
3 pAXyHOK 3MEHUWIEeHHs MOBGWUHU HANIAGIEH020 Memany, Npu AKOMY 3HUICYEMbC eHeplis,
MenI08KIA0eH S, wo 3abe3neuye 3MEHWIEHHs MIKPOCNOmMEOpeHb KPUCMANIYHOI peuimKu,
MIKpoHanpye, WintbHOCMi OUCIOKAaYill, 36apPIOBATbLHUX HANPY2, CKOPOUEHHS MIHCAMOMHOIL 6I0CMAHi,
NIOBUWEHHS MIJCAMOMHUX 36 A3Ki6, MPIWUHOCMIUKOCMI,  3HOCOCMIUKOCMI mMA KOPO3IUHOT
cmiukocmi.

Knrouoei crosa: sucoxousuokicne Han1asieHHs HA HU3bKIU eHepeii, MOBWUHA HANABIEeHO20
Memarny, HNPUHYUN CYNepno3uyiii, MiKpOCNOMBOPEHHs KPUCMANIYHOI peulimKuy, MIKpOHanpyeueu,
36API0BANILHI HANPY2U MINCAMOMHA I0CMAHb, MINCAMOMHI 368 A3KU, MPIWYUHOCMIUKICMb.

ITocTanoBka npodaemu. Banku npokaTHUX CTaHIB €KCIUTyaTyIOTbCS IMPU BUCOKHUX THCKaX 1
TeMIlepaTypax, arpeCUBHMX CEpeJOBMIIAX 1 BUTOTOBISIOTHCS 3 BUCOKOBYTJeneBoi cram 90X,
CXWUJIBHOI JIO YTBOPEHHSI rapsAyuX 1 XOJOAHMX TpillMH. ToMy HIJABUINEHHS TPIIIMHOCTIMKOCTI,
3HOCOCTIMKOCTI Ta KOpO31HHOi CTIMKOCTI MpH €NeKTPOAYrOBOMY HAIUIABJIECHHI BHCOKOBYIJIELIEBUX
CTaJlell € BaKJIMBOIO HAYKOBO-TEXHIYHOIO TPOOIIEMOIO.

AHani3 ocTaHHiX pocailkeHb i myOuikamiii. Bimomo, mo npu 30UIbIIEHH] HIBHJIKOCTI
3BaplOBaHHs Ta 3HM)KEHHI IOTOHHOI €HEprii CXWIBHICTB J10 YTBOPEHHS TpilMH 3pocTtae. Ha npupoay
YTBOPEHHSI TpPIIIMH HEMae OJHIET TOYKM 30py 1 BCl BOHM cynepeunuBi. [y MiiBUIIEHHS
TPIIIMHOCTIMKOCTI PEKOMEHYIOTh ITPOBOJUTH HAIUIaBJIEHHS Ha BUCOKIN MOTOHHIN eHeprii. OaHak,
M.M. Ilpoxopos [1] Bigmiuae, 1110 MpH 3HAYHOMY 3MEHILIEHHI IOTOHHOI €Heprii TPIIMHOCTIHKICTh
3pocTae. BruiMB TOBIIMHM HAIUIaBIEHHOTO METAJTy Ha 3BaplOBajbHI HANPYTH, TPIIIUHOCTIHKICTD,
3HOCOCTIHKICTh Ta KOPO3iliHY CTIHKICTh JOCIIIPKEHO HepocTaTHho [1-9].

Merta gocaimkeHb. BcTaHOBUTH MeXaHI3M pPEryJIIOBaHHS €HEpPTii, 3BaprOBaIbHUX HaIpYT 1
po3poOKa TMpolecy BHCOKOUIBHJIKICHOTO HAIUIaBICHHS Ha HU3bKIM eHeprii, mo 3ade3mneuye
MIJBUIIEHHS TPIIIMHOCTIMKOCTI, 3HOCOCTIMKOCTI Ta KOPO31MHOI CTIMKOCTI  BHCOKOBYTJIELIEBHX
CTaJICH.

OcHoBHUIi MaTepian qocaixkeHHs1. B 0CHOB1 yTBOpEHHS TPILLIKH JIeXKaTh 3aKOHU MPUPOIH —
3aKOH 30€peKeHHsI eHeprii Ta MPUHLIUII CyNepro3ulii. 3riIHO 3aKOHY 30epeKeHHs eHeprii — eHepris
HE 3HUKAE 1 HE 3'SBISETHCSA, BOHA TIIBKH TMEPEXOAWTH 3 OJHOTO BUIY JO IHIIOTO, B KUIBKOCTI
eKkBiBaJIeHTHIH nepiuiil. [Ipu npomy eHeprist 30epiraerbes. 3riIHO MPUHLUIY CYTEPIIO3UIii, eHepris
cymyethcs. [Ipu enekTpoyroBoMy HaIUTaBIICHHI €HEPTis IyTH MepeaacThcsl OCHOBHOMY METaly Ta
CIIEKTPOAY.
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[Ipu enexTpoayroBOMy HAaIUIaBICHHI TPIIIMHOCTIHKICTh BHCOKOBYIJICLIEBUX  CTajlel
BH3HAYAETHCSI BMICTOM BYTJICIIO Ta €HEprieto. J[Jis miABUIIEHHs] TPIIIMHOCTIMKOCTI, 31 3pOCTaHHSAM
BMICTY BYTJICLIO, TIOTOHHY €HEPTil0 HEOOXiTHO 3MEHIITYBATH.

TpilmMHA YyTBOPIOIOTHCS, KOJIM 3BAPIOBAJIbHI HAMPYTH CTAIOTh OUIBIIIE MI)KATOMHUX 3B’S3KIB,
TOMY, Ui MiJBUIICHHS TPIIMHOCTIHKOCTI, HEOOXiTHO 3a0e3MeYuTH MiniMallbHI 3BaprOBAJIbHI
HaIlpyTH, SKI BU3HAYAIOTHCS CHEPTidt0, TeIIOBKIAACHHAM 1 JehOpMaIlisiMu.

Jlnst MOCHiDKeHHS BIUIMBY €HEprii Ta TOBIIMHHM HAIUIABIEHOTO MeTaly Ha aedopmartito
BUKOHYBAld 3BapioBaHHs IuacTHH (8x120x900)-10° M i HammaBaeHHA Ha IUIACTUHH
(30x120x900)-10° M, 3 pi3HOI IMIBHAKICTIO, IIOTOHHOI EHEPri€l0 Ta TOBIIMHOK HAILIABICHHOTO
MeTainy.

EnexTpoayroBe HariaBiICHHS BaJIKiB POBOJUTHCS 32 5 — 6 MPOXO/IiB, TOMY JTOCIIIKEHO BILUIHB
TOBIIMHHU HAIUIABJICHOTO MeETaly Ha Jedopmanii Ta 3BaploBajbHI HANpyTd, SKi BHU3HAYAIN
PO3paxyHKOBO-EKCIIEPUMEHTAIIBHUM CIIOCOOOM.

3anexHICTh 3BapIOBAJILHUX HAIIPYT BiJl MOTOHHOI eHeprii [9]:

azﬂE\C}—;,na 0
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Jleopmariis IIIaCTUH 3aJI€KUTh B1J] 3BapIOBAIbHUX HAIPYT:
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KpI/ITI/I'-IHe 3HAYCHHS 3BapIOBAJIbHUX HAIIPYT:
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[Tpu Hampyru OibIlIe KPUTUYHOTO 3HAUYEHHS 3/1IHCHIOETHCS Aeopmaltis MIacTHHH.

3 HaBeJICHUX BHPA3iB BUIUIMBAE, IO 3BapIOBajJIbHI HAIPYTH MPSIMO MPOMOPLiiHI Aeopmarii
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PucyHox — 3akOHOMIpHICTh BIUIMBY TOBIIMHM HAIUIABIEHOT0 MeTay Ha jfedopmairo (1,2) 1
3BaproBasibHI Hatpyr (3,4) B mnactuHax 30x120x900) 10-3 m (1,3); (8x120x900) 10-3 M (2,4)

31 3MEHUIEHUsIM TIOTOHHOI €Heprii, IpHU 3pOCTaHHI IIBMJKOCTI 3BaplOBaHHS 3BapIOBAJIbHI
Hamnpyrd 3HWXKYIOThCS (puc.l), 10 3HAYHO MiJBUILYE TPIIMHOCTIMKICTE Ta yJIApHY B SI3KICTh
3BapHUX 3’€IHaHb, AKa KUIbKICHO XapaKTepPU3y€e TPILIMHOCTIUKICTD 1 3aJIEKUTD B1Jl MIKPOCTPYKTYPH.

TpimMHOCTIHKICTS HAIUIABJICHOTO METAJlTy, B 3HAuHIA Mipi, BU3HAYA€THCS 3BapIOBATbHUMU
Hampyrami, siki Ipy HarjIaBji€HHI, 3T1AHO MPUHIUITY CYNEPHO3ULli CYyMYIOThCS, 1110 TPU3BOIUTH 31
3pOCTaHHSIM TOBIMHM HAIJIaBIEHOTO METay A0 MiJIBUIIECHHS AedopMalliii, 3BaploBaJIbHUX HANpyT
(puc.1) 1 yTBOpPEHHIO TPIIIMH.

BcraHoBneHa 3aKOHOMIPHICTh BIIMBY TOBIIMHM HAIUIABJICHOTO MeTaly Ha JaedopMalliio Ta
3BapIOBaJIbHI HANPYTH MiATBEP/UKYIOTh 3aKOH MIHIMYMY €HEprii, 3riIHO SIKOMY, MiHIMYM €Heprii
MaKCHMYM SIKOCTI, TPIIIMHOCTIMKOCTI, 3HOCOCTIHKOCTI Ta KOPO3iiiHOT CTIHKOCTI.

3aKOHOMIPHICTh BIUIMBY TOBIIMHM HAIUIABIEHOTO MeTally Ha Jedopmarlii, 3BaprOBalbHI
Hampyru Ta TPIIMHOCTINKICTh MiATBEpPAKEHA MPAKTUYHO B BUPOOHUUMX yMOBaxX. SIK BCTaHOBJIEHO,
ONTUMaJIbHA TOBIIMHA HAIIABJIEHOTO METAly JJIs pOOOYMX Ta ONMOPHHUX BAJIKiB, BUTOTOBJIECHUX 13
ctani 90X®, cxunbHOI 10 yTBOpeHHs TpiuuH, 0,025 M Ha paaiyc. [Ipu HamaBieHH1 poO0YHX BaJIKiB
crany 1700 1 36inpmenHs ToBmuHU 10 0,04 M, B pe3ynbTari NiABUILIEHHS 3BapIOBAIBHUX HAMPYT,
HaIJIaBJIEHUW METaJ BiJIIApPyBaBCs MO JIiHII CIUTABJICHHS 3 OCHOBHUM MeTajoM. 31 30UIbIICHHSIM
BMICTY BYIJICIIO B HarJIaBIeHOMY MeTali 110 5,3%, npu HalulaBJIeHHI KOHYCIB 3aCHUITHUX araparis,
nonyctuMma ToBiiMHa obomexkeHa 0,012 — 0,017, 110 KOHTPONIOETHCS WUISXOM MPOTOUYBAHHS
KaHaBKU Nepel HAaIUIaBJICHHSM.
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Po3pobrieno eHepro3depiraroumii Mporec BHCOKOIIBHIKICHOTO HAIUIABJICHHS Ha HU3BKiH
SHEepTii, KHii 32 paXyHOK 3pOCTaHHS IIBUIKOCTI HAILJIABJICHHS, 3HVDKEHHS TOBIIMHU HAIUIABICHOTO
MeTany 3a0esnedye 3MEHIICHHS €HEeprii, TeIJIOBKIAACHHS, MIKPOCIOTBOPEHb KPHUCTAIIYHOT
penITKA, MIKpPOHANpPYTr, IIUIBHOCTI  JWCJIOKAIlil, 3BaplOBAIBHUX  HAIpyr, 3apiOHEHHS
MIKPOCTPYKTYpPH, 3MEHIICHHS MDKAaTOMHOI BiJCTaHi,  MiJBUIICHHS MDKATOMHHMX 3B’SI3KiB 1
TPIITUHOCTIHKOCTI.

BcranoBneHHI 3aKOHOMIPHOCTI 1 po3po0JieHHii COCiO BUCOKOUIBHIKICHOTO HAIUIABJICHHS Ha
HU3bKI €Heprii, 3a paxyHOK 3HIDKCHHS TOBIIMHHM HAIUIABICHOTO METaJUly, MOXYTh OYyTH
BUKOPHUCTaHI MPHU BUCOKOIIBHUIKICHOMY HAIUIABJICHHI 3aCUITHUX aIaparib.

[Momanpmii DOCHIIKEHHST B JAHOMY HANpsIMKy € TEPCIEKTUBHUMH, TaK SIK J03BOJISTH
PO3pOOHTH HOBI TIPOIECH BUCOKOIIBUAKICHOTO HAIJIABJIICHHS HAa HU3bKIl CHEprii, IKi 3a0e31euyoTh
M1 IBUIICHHS TPIIUHOCTIMKOCTI, 3HOCOCTIMKOCTI Ta KOPO31MHOI CTIMKOCTI.

BUCHOBKHA

IIpupona 3BaproBaHHS Ta HAIUIABJICHHS EJIEKTPOMArHiTHAa, Tak SIK HPUPOAA MIKaTOMHHX
3B’S3KiB  €JIEKTpOMarHitHa. MiKaToMHiI 3B’S3kM  OOyMOBJEHI MiHY-e()EKTOM MiKpOCTPYMIB
o0epTarourXxCcs HaBKOJIO spa eEKTPOHIB, IIF0Th HA MIXKEJIEKPOHHOMY PiBHI, III0 TOPIBHIOE JllaMeTpy
enextpowiB 10™° M i 3HAYHO migBHIIYEe MiXkaTOMHI 3B SI3KH.

3rilHO 3aKOHYy 30€peKeHHsI EeHeprii, NpH eJeKTPOIyroBOMY HAIUIABJIEHHI Jyra mepesae
OCHOBHOMY METally TEIJIOBY Ta KIHETWYHY EHEprir0 IUIa3MOBHX IMOTOKIB, MiJ i€ SKHAX 1
TepMoaedOopMaIifHOTO LMKy BHHHKAIOTH  MIKPOCIIOCTBOPEHHS  KPUCTATIUYHOI  PEIIiTKH,
MIpPOHAIIPYTH, IUIbHICTh JUCIOKALIN Ta 3BaplOBajbHI HANIPYTH.

IIpu 3pocTaHHI IIBUAKOCTI  HAIUIaBJIEHHA 30UIBLIYEThCS IMIBUJAKICTh KpHCTadi3alii,
3IpIOHIOETBCST MIKPOCTPYKTYpa, 3MEHIIYEThCSl EHEpTis, TEIUIOBKIAJACHHS, 10 3abe3rneuye
3MEHIIEHHS MiKPOCIIOTBOPEHb KPUCTAIIUHOI PELIITKH, MIKPOHAIIPYT, 3BaplOBaJIbHUX HAIPYT,

CKOpPOUYEHHS MIKaTOMHOI B1JICTaHi, MIJBUIIEHHS MIXKATOMHHUX 3B’SI3KiB, TPIIIMHOCTIMKOCTI,
3HOCOCTIMKOCTI Ta KOpO31i{HOI CTIHKOCTI.

Po3paxyHKoBO-eKCIIEpUMEHTAIFHUM CIIOCOOOM BCTAHOBJICHO, 110 3T1IHO 3aKOHY 30€peKCHHS
€Heprii Ta NPUHLUILY CYNepro3ullii, 3 MiABUILEHHSIM TOBILIMHH HAIJIaBIEHOI'O METAy 3BaplOBajIbHi
HaIpyTu CyMYIOThCS, 110 MPU3BOIUTH J0 30LTBIICHHS 3BAPIOBAIBHUX HAMPYT 1, KOJIU 3BAPIOBAIbHI
Hamnpyrd CTaloTh OuIble MIKaTOMHHUX 3B’SI3KiB, YTBOPEHHIO TpPIIIMH. ToMy, JUIsl MiJBHUIICHHS
TPIIIMHOCTIMKOCTI HEOOX1AHO 3MEHIUTYBATH TOBILMHY HAIJIABICHOTO METAaIy.

3aKOHOMIPHICTh BIUIMBY TOBLIMHM HAIUIaBIEHOrO MeTally Ha Jedopmallii, 3BaprOBalbHI
Hanpyru Ta TPIIMHOCTINKICTh MiATBEPAKEHA MPAKTUYHO B BUPOOHUUMX yMOBaX. SIK BCTaHOBJIEHO,
ONTUMaJIbHA TOBIIMHA HAIJIABJIEHOTO METay JUli pOoOOYMX Ta OMOPHUX BajKiB 31 cram 90X,
CXUJIBHOI J10 YTBOpeHHs TpimuH, 0,025 m Ha paaiyc. [Ipu HamnaBnenH1 podouyux BankiB crany 1700
1 301bIIeHH] TOBIIMHU 710 0,04 M B pe3ynbTaTi MiJBUILEHHS 3BapIOBATbHUX HANpPYT HallIaBJICHUI
MeTaJl BiAIIapyBaBCs MO JIiHIT CIIJIaBICHHS 3 OCHOBHUM MeTaloM. 31 30UIbIIEHHSM BMICTY BYTJIELIO
B HaIulaBJIeHOMYy MeTani 10 5,3%, mpu HamjiaBlieHHI KOHYCIB 3acCHITHHMX arapartiB JIOMyCTHMa
toBiMHa oOMexeHa 0,012 — 0,017m, 110 KOHTPOJIOETHCS IIJITXOM MPOTOYYBAHHS KAHABKU IMEpe
HaTUIaBJICHHSM.

31 3HWKEHHSAM eHeprii MpH BHUCOKOUIBUAKICHOMY 3BaplOBaHHI IIMPUHA BAJMKIB,
TEIUIOBKJIa/ICHHSI, 3BapIOBaIbHI HAIPYTH 3MEHIIYIOTHCS, MIKPOCTPYKTYPa 31p1OHIOETHCSI, MiXKaTOMHA
BIJICTAaHb CKOPOYYETHCS, MI’)KaTOMHI 3B’SI3KM 3pOCTal0Th, L0 3a0e3rneuye MiJBUIIEHHS YJIapHOI
B’SI3KOCTI, TPIIMHOCTIMKOCTI Ta 3HOCOCTIMKOCTI HAIUIABJICHOTO METAIy,

Po3pobiieno eneproszbepirarounii mMporec BHUCOKOIIBUKICHOTO HAIUIAaBJICHHS Ha HHU3BKIN
€Heprii, 32 paXyHOK 3MEHIICHHS TOBIIMHH HAIUIABJICHOTO METaly, IIPU SKOMY 3HHXKY€EThCSI €HEpris,
TETUTOBKJIAJICHHS, mo 3abe3rneyye 3MEHIIEHHS MIKPOCIIOTBOPEHh KPHUCTATIYHOI PEIIiTKH,
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MIKpOHANPYT, LIUIBHOCTI JAWCIIOKAIlil, 3BapIOBAbHUX HANPYT, CKOPOUECHHS MI>KaTOMHOI BiJCTaHi,
M1 IBUILIICHHS. MI)KATOMHHX 3B’SI3KiB, TPIIIMHOCTIUKOCTI, 3HOCOCTIHKOCTI Ta KOPO3iHHOT CTIHKOCTI.
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Shchetinin S.V.

INCREASED CRACK RESISTANCE AT THE HIGH SPEED SURFACING ON LOW
ENERGY

The welding and surfacing nature is electromagnetic, since the interatomic bonds nature is
electromagnetic. Interatomic bonds are caused by the pinch-effect of electrons rotating around the
nucleus microcurrents, act on the interelectronic level equal to the electron diameter 10-19 m and
significantly increase interatomic bonds According to the energy conservation law during electric
arc surfacing, the arc transfers to the base metal the thermal and kinetic plasma flows energy, under
the influence of which and the thermaldeformation cycle the crystal lattice microdistortions,
microstresses, dislocation density and welding stresses arise.

As the surfacing speed increases, the crystallization speed increases, the microstructure
becomes refined, energy and heat input decrease, which ensures the crystal lattice microdistortions,
microstresses, welding stresses a decrease, the interatomic distance a reduction, interatomic bonds,
crack resistance, wear resistance and corrosion resistance an increase. By calculation and
experiment it has been established that, according to the conservation energy law and the
superposition principle, with increasing the deposited metal thickness welding stresses are summed
up, which leads to welding stresses an increase and when welding stresses become greater than
interatomic bonds, the cracks formation. Therefore, to increase crack resistance, it is necessary to
reduce the deposited metal thickness The regularity of the deposited metal thickness the influence
on deformations, welding stresses and crack resistance has been confirmed practically under
production conditions. It has been established that the optimal of deposited metal thickness for work
and back-up rolls 90HF steel made, which is prone to cracking, is 0.025 m on radius. When surfacing
the 1700 mill work rolls and increasing the thickness to 0.04 m, as a result of welding stresses
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increasing, the deposited metal peeled off along the line of fusion with the base metal. With an
increase in the carbon content in the deposited metal to 5.3% when surfacing the charging apparatus
cones, the permissible thickness is limited to 0.012 — 0.017 m, which is controlled by turning the
groove before surfacing.

The regularity of increasing welding stresses and decreasing crack resistance with increasing
of the deposited metal thickness confirms the minimum energy law, according to which minimum
energy — maximum quality With a decrease in energy during high-speed welding, the beads width,
heat input, and welding stresses are reduced, the microstructure is refined, the interatomic distance
IS reduced, interatomic bonds increase, which ensures the impact toughness, the deposited metal
crack resistance and wear resistance an increase, The high-speed surfacing on low energy energy-
saving process by reducing the deposited metal thickness, which reduces energy and heat input,
reduces the crystal lattice microdistortions, microstresses, dislocation density, welding stresses,
reduces interatomic distances, increases interatomic bonds, crack resistance strength, wear
resistance and corrosion resistance has been developed. Minimum energy — maximum crack
resistance, wear resistance and corrosion resistance.

Keywords: high speed surfacing on low energy, deposited metal thickness, superposition
principle, crystal lattice microdistortions, microstresses, dislocation density, welding stresses,
interatomic distance, interatomic bonds, crack resistance, wear resistance, corrosion resistance.
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EHEPI'O-1 MATEPIAJIO3BEPITAIOUYHH MPOIIEC OJJTHOCTOPOHHBOI'O
BUCOKOHIBUIAKICHOI'O 3BAPIOBAHHS

Eunepeo- i mamepianosbepicaiouuti  npoyec  0OHOCMOPOHHBLO2O — BUCOKOULBUOKICHO20
36apIOBAHHS  OOMENCEHO BUMIKAHHAM pPIOK020 Memany 3 6aHHU Ma YMEOPEeHHAM Nniopi3ie, uo
NpU3800UMb 00 3HUNHCEHHS YOAPHOI 8 SA3KOCMI 36apHUX 3 €OHaHb. Tomy, po3podOKa 0OHOCMOPOHHLO2O
BUCOKOUBUOKICHOR0 36aPIOBAHHS, WO 3a0e3neyye nio8UWeH s YOapHoi 8 I3K0CmI 36apHUX 3 €OHAHD,
€ BAJCIUBOI0 HAYKOBO-MEXHIUHOIW npobaemoro. Egexmenum cnocobom  niosuwenus yoaphoi
8’sA3KOCMI 38aPHUX 3 €OHAHbL € 3POCMAHHA WBUOKOCMI 38APIOGAHHSA mMa Kpucmanizayii, uo
00MedHceno YMeopeHHAM niopizie, Npupooa AKUX NOGHICMIO He 6CIMAHOBIIEHA.

Ha ocnosi 0ocnidocennss MacHimHo20 Nosa 36apio8aibHO20 CIMPYMY Npu 0OHOCIOPOHHLOMY
36aprOGAHHI 6CMAHOBNIEHO, WO 3 NIOBUUEHHAM WEUOKOCHI 36apI0BAHH IHOYKYIsl nonepedy O0y2u He
3a0excums 6i0 WEUOKOCMI, no3ady O0yeu 3MEeHULYEMbCS, d 8 30HI CHIABNIeHHs, 0e YMBOPHIOMbC sl
niopisu, 30inbuyemscs. Bcmanosneno, wo iHOVKYisE MACHIMHO20 MO 6 30HI CHAAGNIEHHS, NpU
38apIOBAHHI 3POCMAE, 6HACNIOOK 3MEHWIEHHS KIIbKOCMI Menaiomu 8 60KO8UX KPOMKAX, 3HUNCEHHS
eleKMpU4HO20 onopy i 30iIbUleHHs cmpyMy, Wo mede KpomKamu 6anuu. IHOykyis eusnauae
MacHImHUL MUCK HA Memai 8 30Hi cnaagnenus. Ilpu 30inbuenHi weuoKocmi 36apo8anHsl, 3p0cmac
CNPAMOBAHUL BHU3 MACHIMHUL MUCK, NIO OI€I0 AK020 PIOKUU Memal CMIKAE 3 KPOMOK 8AHHU, WO
npu3e00ums 00 ymeoperHs niopizie.

Po3pobnena enexmpomaenimuna meopis ymeopeHHs niopizie, 32i0HO AKOI npu Ni0BUWEHHI
WBUOKOCTI 36APIOBAHHA NOCUNIOEMbCA OXONOO0NCEHHS, AKMUBHUX NJIAM, KOHYEHMPYEMbCA 0yea i
3MEHUYEMbCST MENN0BKIA0EHHS. 8 DOKOBI KDOMKU BAHHU, eNeKMPUYHULL ONIp AKUX 3HUNCYEMbCS. B
pesyibmami 3poCmac  GeIuYUHa CMpymy, wo meue  OOKOBUMU KPOMKAMU 6AHHU, IHOYKYIs
MA2HIMHO20 NOA © 8 KBAOPAMUYHIL 3A/IEHCHOCIE MACHIMHUL MUCK, NIO 0I€0 K020 PIOKUL MemaJl
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