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®OPMYBAHHS 30HU MMPOIJIABJIEHHSI IPM HYJIHOBII IIBUIKOCTI
EJIEKTPOJYTOBOI'O HAILTABJEHHS JPOTSIHUM EJEKTPOJIOM
M1 ®JII0COM

Axkmyanvhicmbs memu 00CnioHceHHA. []yorce 8AHCTUBUM € NUMAHHS HOPMOYMBOPEHHS 36APIOBATLHOT 6AHHU NPU HYbO-
il weuokocmi Hannagienns. Lle nos’sa3ano 3 mum, wo npoyec HAnN1agieHHs OOYIIbHO NOYUHAMU NPU HYTbOBIT WEUOKOCHI
nepemiwerHs Oyeu, wob 6CIMAHOBUSCSL PO3MID WBA (6ANUKA) HA NOYAMKY 6UKOHAHHS HANIAG/IEHHS.

Ilocmanogxa npoénemu. Ilpu popmoymeopenni 36apro6anbHoi @anHu npu HYIbOGIl WEUOKocmi Haniagienus oyoe eu-
KIHOYEeHA NOYamKko8a OUIAHKA Wed, KON Npoyec € HeCMAIuM y meniogomy ceuci. IIpu ybomy 0oyinbHO UHAYUMU Yac, NPo-
MA2OM IKO20 OCHOSHUL Meman 6yOe nponnagieHuil 00 po3mipis, wo 8i0N08I0ar0Ms MEeXHIYHUM GUMO2AM, MOOMO NPU WEUO-
Kocmi, 6CMAan08eHitl 0l Yb020 MEXHONL02IUH020 NPoyecy.

Ananiz ocmannix oocnioxncens i nyonikayii. /[na npoyecy 0y208020 HANIAGIEHHA 3A36UHAll BUKOPUCIMOBYIONb MEOPit0
mennogux npoyecis, pospooneny M. M. Puxaninum sk ons pyxomoi oyau 3i weuOKiCmio Haniaeients, max i s HepyxoMoi,
KOIU WBUOKICMb HANLAGIIEHHS. OOPIGHIOE HYIIO.

Buoinenns nedocnioxcenux yacmun 3a2anvioi npodnemu. Y nimepamypi nemae 0anux, npuceaieHux numanuio @op-
MOYMBOPeHHs 36apI08ANbHOIL 6AHHU NPU HYIbOBI WEUOKOCTI 0Y208020 HANNAGNEHHS N0 IOCOM.

Ilocmanogka 3a60anns (yineit cmammi). Ananiz MO*CIUBOCII 3ACMOCYBAHHA 8I00MOI Meopii pO3NOBCIOOCEH s men-
714 NPU 36aPHOBAHHI Olst BUSHAUEHHS PO3MIPIE MOUKU, WO POPMYEMBCS NPU HYTbOGIL WEUOKOCHI 0Y208020 HANIAGTIEHHSL.

Buknao ocnosnozo mamepiany. Ha ocnogi meopii poznogcioodicenna menna npu 3eaprosanni M. M. Pukanina eusnaue-
Hi 3MIHU MeMnepamypu 6 4aci 3anedxcHo 8i0 padiyca moyxu, wo gopmyemoca. CnigcmagneHHam po3paxyHKoux i ekcnepu-
MEHMANbHUX OAHUX BCMAHOBLEHO IX HECNIGNAOAHHS.

Bucnogxu 6ionogiono 0o cmammi. Buznaueno, uwjo ona 6cmanogieHts po3mipie 301U NPONIasieHHs npu 0y2080My Ha-
naaenenti OpomAHUM eneKmpooom nio huiocom i3 HYIbLOBOIO WBUOKICMIO mpeba 8paxosy8amu He Minbku OUQY3iuHy (KOHOY-
KIMUGHY), A U KOHBEKMUBHY CKIAA08Y NEPEHECEeHHs MeNid, AKA 6UHUKAE BHACTIOOK PYXY Memand y 6aHHI.

Kniouosi cnosa: 0yzoee nannasnenns; ougy3itinuil i KOH8EKMUBHUL MEXAHI3MU NepeHeCeHHs Mend; e1eKmpoMacHimmi
cunu Jlopenya.

Puc.: 2. Bion.: 2.

AKTyaJdbHiCTh TeMH A0CTiTKeHHA. [[y)Xe BaXJIMBUM € MUTaHHS (OPMOYTBOPEHHS 3Ba-
PIOBAIIbHOT BaHHU MPH HYJIOBIM MIBUAKOCTI HarutaBieHHs. Lle moB’s3aHo 3 THUM, IO MPOLEC
HAIUTaBJICHHS JOLLUIHPHO MOYMHATH MPU HYJIHOBIM IMIBHAKOCTI MEPEMIIICHHS TyTH, 00 BCTa-
HOBHBCSI PO3MIp IIIBa (BaJMKa) Ha MMOYAaTKy BUKOHAHHS HAIIABJICHHS.

IMoctanoBka mpodiaemu. Ilpu (opMoyTBOpeHHI 3BaproBajbHOI BaHHH NPU HYIbOBIH
IIBUIKOCTI HAIJIaBJICHHs OyJe BUKIIOYCHA MOYATKOBA JIUISTHKA IIBA, KOJH MPOIEC € HeCcTa-
JUM Yy TeryioBoMy ceHci. [Ipu 11bOMy TOLIBHO BU3HAYMTH Yac, MPOTATOM SIKOTO OCHOBHUI
MeTan OyJie MpOIUIaBIECHU 10 PO3MIpiB, IO BIAMOBIIAIOTH TEXHIYHUM BHUMOTaM, TOOTO MpH
IIBUIKOCTI1, BCTAHOBJICHIHN ISl I[HOTO TEXHOJOTIYHOTO MPOIIECY.

AHaJI3 OCTAaHHIX JOCJaiIKeHb i myOaikanii. /g npouecy AyroBoro HaraBiI€HHS 3a-
3BUYali BUKOPUCTOBYIOTh TEOPIIO TEIUIOBHX MpOIECiB, po3podierny M. M. Pukaninum [1] sk
JUIL pyXOMOI JIyTW 31 MIBUAKICTIO HAIUTABJICHHS, TaK 1 JJIS HEPYXOMOi, KOJM IIBHUJKICTh Ha-
IUTaBIICHHS OPiBHIOE HYIIO [1; 2].

Buainenns HeoCTiXKEHNX YACTHH 3arajbHOI mMpodJjieMu. Y JiTepaTypi HeMae NaHuX,
NPUCBAYCHUX MHUTAHHIO (POPMOYTBOPEHHS 3BAPIOBAJILHOI BaHHU IMpPHU HYJIBOBIM IIBHJIKOCTI
IYTOBOTO HAIUIABICHHS APOTOM Iifl (PIFOCOM.

Buknang ocHOBHOro marepiany. € pieHHs sl TOCTIHHO JIF0Y0T0 TOYKOBOTO JDKEpena,
PO3TAIIOBAHOTO Ha MOBEPXHI HAMIBHECKIHUEHHOTO Tijla MPH HYJIbOBIH IIBUIKOCTI HAILIaB-
JeHHA. Y LbOMY BHUIIAJKy HE BPaXOBYETHCS JiaMETpP €IEeKTPOJa, & BUKOPUCTOBYETHCS e(ek-
TUBHA TEIUIOBA MOTYXHICTh AYTH (qu) 1 TEmIoQi3uyHi KOHCTAaHTH OCHOBHOTO MaTepialy.
[Tpupict Temnepatypu A7 B yaci Bif 6e31mepepBHO JIII0YOT0 TEIUIOBOTO /DKEpesia BUZHAYAETh-

cst 3a popmymoro [1; 2]:
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ne g, =n,I,U, — €pEKTUBHA TEIIOBA NOTYKHICTh 3BaprOBaIbHOL 1yrH, BT;

1, — CTpyM HaIlIaBIEHHS, A;

U, — nanpyra Ha ay3i, B;

nu — epextuBamii KK/] mpouecy HarpiBaHHsS OCHOBHOT'O METaJly Jyrolo;
A — xoedimieHT TemonpoBigHoCcTi, BT/M'K;

R — paniyc-BeKTOp BiJl JpKepera Teria 10 pO3risiHyTO1 TOUKH, M;

a — Koe]illieHT TeMIepaTypoIpoBiaHOCTI, M%/c;

®(u) — QpyHKIIs iHTErpana HMOBIPHOCTI Bill apryMeHTY U R

S U=
4at

¢ —4ac, C.

Bynu BukoHaHi po3paxyHKH Ui BUNIAAKY HariaByieHHs ApotoM CB—08A niamerpom 4 MM
nix mapom ¢iarocy AH-60 mocTiiHUM CTpyMOM 3BOPOTHOI MOJIAPHOCTI 3 TAKUMH TapameTpa-
Mmu pexumy: 1, = 650 A; Uy= 32 B; v,= 0 m/c. 3HaueHHs] KOHCTAHT 1 TeII0(p3UIHUX Koediwi-
entiB: 77, = 0,9; 1 = 40 Br/m'K; a = 0,08-10* m?/c.

Jlnsi MOpIBHSHHS PE3yNbTaTiB PO3PaXyHKY 3 pEaJbHUMH 3HAuCHHSIMH Oyiau MpOBEAEHI
eKCTIIepUMEHTAIbHI HAIUIABJICHHS 3 TEXHOJOTIUHUMH apaMeTpaMH, ki Oyiau HaBeleHl BUIIE,
Ha TUIACTMHHU 3 MaJOBYrJeneBoi ctani ToBmuHO0 20 MM. [licis HarutaBneHHs BUTOTOBIISITH
Makpouutipu, 3a SKUMU BU3HAYAIM MapaMeTpH 30HU MpoIulaBieHHA. OTpuMaHi 3aJIe)KHOCTI
reOMETPUYHUX MTapaMeTpiB HaBelleH1 Ha puc. 1, 2 CIUIBHO 3 PO3PaXyHKOBUMH JAHUMHU.

Jlani po3paxyHkiB (puc. 1) moka3yioTb, 10 Ui TOYOK, IO JIeXkaTh Ha KoJjii R = const
(R=2;5;7; 10 MM) 3 TUIMHOM Yacy TeMIIepaTypa TOYOK HEYXHJIbHO 3pOCTA€, 110 HE BiIMOBI-
Ja€ peajJbHUM pe3yabTaTaM, OTPUMAaHUM EKCHEPHUMEHTAIbHUM IUISXOM, SKi CBiI4aTh Mpo
MPUITMHEHHS POCTY MTMOMHM MPOIUIABJICHHS 1 IPOCYBaHHS 130TepMu Tu1aBieHHs 1,,=1773 K
(1500 °C) Brimb 0OCHOBHOTO METay.
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Puc. 1. 3mina memnepamypu 6 uaci 3anedxicHo 6io paodiyca:
1, 2, 3, 4 —¢ionogiono, R =10, 7, 5, 2 mm
[TpocyBanHst ppoHTY MIIaBIIEHHS, TOOTO BIICTaHI BiJl TOYKH BBEJICHHS TeIlIa B OYIb-SIKOMY
HaNpsMKY BiIOYBA€ThCS B Yaci MPaKTUYHO JIHIAHO (pHC. 2, KpuBa 5), 110 HE BIANOBIIAE eKCIIe-
pPUMEHTATBHUM JaHUM (puc. 2, kpuBi 2, 4). Takox BUABHIOCS, [0 XapaKTep 3MIiHU PO3paxyH-
KOBOTO 3HaueHHs R(f) HabaraTo pi3KiMM{, HDK 33 JaHUMH EKCIIEPUMEHTY, 1, HAaBIIaKu, eKcIie-
pUMEHTaIbHI 3HAYeHHS TJIMOWHY MPOTUTaBIeHHS (/1,p, )3HAUHO OUTBIII, HK PO3PaXyHKOBI.
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Puc. 2. Juuamixa 3pocmanns po3mipie 3onu nponnagnenus (izomepmu T, = 1773 K)
3anexHcHO 810 Yacy Oii HePYXoMo2o Oxcepena HacpiBanHs:
1, 2 — enubuna nponnaenenns; 3, 4 — wupuna nponnaeients; 2, 4 — ekcnepumMenmanvhi Oaui;
5 — pesynomamu pospaxyuky 3a gpopmynoio (1)
OcHOBHa BIIMIHHICTb PO3PaXyHKOBHX JaHUX BiJl €KCIIEPUMEHTAIBHUX 3HAYEHB IOJISATAE B
TOMY, III0 TIPUPICT TEMIEPATypH B KOKHIM TOYILII 30HU TUIABJICHHS 3 ITMHOM 4Yacy MPOJ0BKYE

3POCTATH, X0U i OOMEKYEThCS 3HAYEHHSAM BHpasy —Zu | HaGIMKAIOUHCH JO HHOTO IpPH
27AR

{ — 00, TOCSTAI0YM JEKUTbKa XBUIIUH.

Kpim Toro, 3miHa B yaci po3paxyHKOBUX KOHTYPIB 30HU MPOIUIABJICHHS HE BIINOBIAE KO-
HTYpaM, OTPHMAHUM €KCIIEPUMEHTAIBHUM IIIJISIXOM, IPUYOMY OCTAHHI MalOTh OUIBII CKIaIHY
¢dopmy. Lle nos’s3ano 3 HacTynHUM. [Ipu mopyiieHHi Ayru B pe3ynbTaTi IJIaBJIEHHS OCHOB-
HOTO METaly B HbOMY YTBOPIOEThCS JIyHKA (TIOYATKOBUHN KpaTep), KyIu MOYMHAE HAJAXOTUTH
PO3IIABJICHUH €NEKTPOAHUI MeTaj, HaJalouH J10JIaTKOBE TEIUIOBKIAAECHHS y BaHHY. [loTiMm,
Ha TBEPJUX CTIHKAX JYHKH, III0 YTBOPIOETHCSA, 3POCTAE MPOIIAPOK PIIKOTO METally, KU He-
raTUBHO BIUTMBAE HA YMOBH TEIUIONEpEaAayi Bil Jyrd B OCHOBHUI MeTaj. Y MepioJl 3pOCTaHHS
30HM MPOIUIABJICHHS PIAKUI MeTaa BpIBHOBAXKYETHCS TUCKOM JIyT'H i pO3TAIIOBYETHCS PIBHO-
MIPHO Ha JH1 Ta CTIHKaxX Kparepa. Y Mipy 30UIbIIeHHS 00CITy PiIKOro MeTaiy 3pocTae i Horo
T1IPOCTATUYHUNA TUCK, BUTICHSIOUM JYTY J0 BEPXHBHOI YACTUHM KpaTepa, TUM caMHM Iie Oi-
TBIIIE YIOBUTLHIOKOUN 3pOCTAHHS TJIMOWHU MPOIUIABIICHHS aX JI0 HOT0 3yMUHKU. Y Mipy 3poc-
TaHHS 00’€My BaHHHU B IICHTP1 30HM MPOILIABJICHHS Ma€ MiICIe XapaKTepHe MOTrINOICHHS, 110
BHUHUKAE 3aBJISKH OCHOBOMY ITOTOKY €JIEKTPOJIHOTO METally, a TaKOX HAasBHOCTI PO3BHUHEHUX
MOTOKIB PIIKOTO METaly, 1[0 MPU3BOIUTH JI0 BIIXUICHHS KOHTYPY OCTAaTOYHOI 130T€pPMH I1j1a-
BJICHHA BiJ TJIQIKO1 KPUBOi IPyroro mopsaky. [Ipu po3paxyHkax TakoX HE BpaxOBaHHUH pyx
pinkoro Metany mia Ji€ro enexkrpomarHitHux cui Jlopenua. [loToku pigkoro merany B 3Ba-
pIOBANIbHIN BaHHI 3MIHIOIOTh YMOBHU TEIUIONIEPEHECEHHS B Hii, TOOTO CJiJl BpaXOBYBAaTH KOH-
BEKTUBHUI MEXaHI3M TEIUIOTIEpEeHECEHHs PH (popMyBaHHI pO3MipiB BaHHHU.

BucHoBku BinmoBinHo 10 cratTti. Po3paxyHkaMu BCTaHOBJIECHO, IO Ui PO3MIPIB 30HU
MPOIUIABJICHHS IPU AYTOBOMY HAIUIABJICHHI APOTSIHUM €JIEKTPOIOM i (GIIOCOM i3 HYIbOBOIO
IIBUJIKICTIO HEOOXiTHO BPaXxOBYBATH HE TUIbKU IU(DY3iiiHY (KOHIYKTHBHY), @ I KOHBEKTUBHY
CKJIaJIOBY IEPEHECEHHs TEIUIa, IKa BUHUKA€E BHACIIIOK pyXy MeTajla y BaHHI.
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UDC 621.791.75
Aleksandr Razmyshlyaev, Vitaliy Ivanov, Marina Ahieieva

FORMATION OF PENETRATION AREA AT ZERO VELOCITY
OF SUBMERGED ELECTRIC ARC SURFACING WITH WIRE ELECTRODE

Urgency of the research. Very important is the question of the welding bath formation at zero surfacing velocity. This is
due to the fact that the surfacing process is advisable to start at zero velocity of the arc to establish the size of the weld
(beam) at the surfacing beginning.

Target setting. When forming a welding bath at zero surfacing velocity, the initial weld section will be excluded when
the process is unstable in the thermal sense. In this case, it is advisable to determine the time during which the base metal
will be smelted to the size corresponding to the specifications, that is, at the velocity set for this technological process.

Actual scientific researches and issues analysis. The theory of thermal processes, developed by N.N. Rykalin, is usually used for
the arc surfacing process both for a moving arc with a surfacing velocity and for a stationary one when the surfacing velocity is zero.

Uninvestigated parts of general matters defining. There is no data in the literature concerning the welding bath for-
mation at zero velocity of submerged arc surfacing.

The research objective. Analysis of the possibility of applying the heat spread theory in welding to determine the size of
the forming point at zero velocity of arc surfacing.

The statement of basic materials. Based on the theory of heat spread during welding by N.N. Rykalin defined changes
in temperature over time depending on the radius of the forming point. Matching of the calculated and experimental data
established their mismatch.

Conclusions. It has been stated that in order to establish the dimensions of the penetration zone during submerged arc
surfacing with a wire electrode at zero velocity, not only the diffusion (conductive), but also the convective component of heat
transfer, which occurs as a result of the metal movement in the bath, should be taken into account.

Keywords: arc surfacing; diffuse and convective heat transfer mechanisms; electromagnetic Lorentz forces.

Fig.: 2. References: 2.
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