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the melt to the solid phase (substrate), that is, as a diffusion process. In this case, the crystallization
process is treated as periodic, with stops during the release of the latent heat of crystallization. At the
boundary of the solid metal of the bath with its liquid metal, a thin solid-liquid layer is formed, in which
diffusion processes develop (movement of atoms from the melt to the solid metal of the crystallized weld.
This approach is used in all works devoted to the study of the action of magnetic fields (MF) in arc
welding on the weld structure grinding. At the same time, the cluster mechanism of the crystallization
process is widely used in the literature in the field of foundry and metallurgical production to explain
the properties of ingots. There are similarities between the metal crystallization processes in the welding
bath and the ingot crystallization processes. By diffraction of X-rays, electrons, and neutrons reflected
from liquid metals and alloys (including iron-based ones), it has been established that crystal-like
clusters are present in the liquid. According to the literature, one cluster of liquid metal (an alloy based
on iron) contains about 102 ... 10° atoms. Clusters arise when crystalline bodies melt. Clusters are short-
lived but fairly stable groups of atoms. There is a softened zone around the clusters (that is, liquid metal
atoms). The volume of the softened zone is for many rare metals and alloys about 2 ... 5 % and iron-
based alloys - up to 28 %. The softened zone is an intermediate medium. In our opinion, these
representations can be used to describe the crystallization process of welds in arc welding of metals and
alloys, including under the action of control magnetic fields. This is as follows: the liquid metal in the
head of the bath has a higher temperature (up to about 1000 ° C) and smaller clusters than in the tail of
the bath, where the clusters are larger (and where the metal crystallizes). Under the action of alternating
electromagnetic forces of the controlling magnetic fields, the liquid metal periodically (forcibly) moves
into the tail of the bath, supplying smaller clusters and this ensures the formation of smaller grains
during crystallization in the weld (under the action of the controlling magnetic field).
Keywords: arc welding, magnetic field, crystallization, cluster.
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PO3PAXYHOK IMTAPAMETPIB IIOIIEPEYHOI'O MAT'HITHOT'O ITOJIA
JJISA EOEKTUBHOI'O IIEPEMIIITYBAHHSA METAJIY B BAHHI ITPHU
AYT'OBOMY HAIIVTABJIEHHI

Hna  niosuwenus  eghexkmusHocmi npoyecy 0y208020 HANIABNIEHHS NEPCHEKMUBHUM €
BUKOPUCMAHHSA KepYIOUUX 306HIWHIX MacHimHux nonie. llpu oOyeosomy uannasnenti (36aproeanii)
O00YIbHO BUKOPUCMOBYBAMU 3HAKO3MIHHI nonepeyuri macHimui nons (IIOMII), ockinvku 6 ybomy unaoxy
3abe3neuyemucs 2apre opmyeanns eanuxie (weie). Ha piokuii meman 36apro8anvHoi 6aHHU GNIUBAE
3Haxo3minHe (v euenndi imnynvcie) [IOMII. Oz2nsa0 aimepamypHux OaHux noxKazas, wo He GU3HAYEeHi
ONMUMATbHI 3HAYeHHs THOYKYIL | yacmomu 3naxko3minnoeo IIOMII, npu sikux 8i06ysaemobcs eghekmusne
(no 6citi 008M#CUHI 6AHHU) NEPEMIULYBAHHA DIOKO20 Memany npu eieKmpooy2080My HANIAGNEHHI
(36aproeanui) opomom nio ¢urocom. B oawiti pobomi po3pobieHa po3paxyHKosa Memoouxd, sKd
00360/14€ ompumamu 0aHi npo WEUOKICMb NPUMYCOB020 PYXY PIOKO20 Memany 6aHHu npu 0Y2080MY
HannasieHui 3 0I€l0 Kepylu020 3HAKOZMIHHO20 NONEPEeYyHO020 MA2SHIMHO20 NOAd I 6CMAHO8UMU
ONMUMANbHI  nApamMempu Ybo2o Nojis Ol epeKmugHoco0 Nnepemiuy8ants pioKo2o Memany y
36aprO6ANbHIU 8aHHI. B po3pobneniii  memoouyi po3paxyHKamu GU3HAYANU 2eOMeMmpPUYHi po3Mipu
36apHOBAILHUX 8AHH HA NEPeOHill CMIHYI Kpamepy 36apro8aibHOl 6aHHU, A THUL PO3MIPU 386APH0BATLHUX
8aHH BU3HAUANU eKcnepumenmanvro. Enexmpomaenimuy cuny npu 0ii IOMII euznayanu MHONCEHHAM
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nonepeuyHoi KOMNOHEHMU YbO20 NOJIA HA CEPEOHE 3HAUEHHS WITbHOCMI CIMPYMY HANAAGNEeHHS 8 PIOKOMY
Memaii 6aHHU HA il nepeoHiti cmiHyi.

Bcemanosneno, wo npu 36ineuenni indykyii IIOMII (6i0 25 mTa 0o 100 mTr) 3uauenns wacmomu
TIOMI1I 36invwytomocs. Takum 4unom, 0151 ROBHO20 NePEMIULYBAHHS PIOKO20 Memainy (no 8Citl 008IHCUHI
xeocmosoi uacmuri 8annu Lyg) Heobxiona wacmoma [IOMII 6 dianazoni 1,5 — 3 'y npu pieni nonepeunoi
Komnonenmu iHOykyii B; = 25 mTn. Axwo 36inewumu inoykyiro IIOMII oo By = 100 mTn, mo
ONMUMANbHI 3HAYEHHS yacmomu Jnedxcams 6 odianazoui 2,5...5,0 Iy. Lli oani pexomenoyromocs 00
BUKOPUCTNAHHS NPU BUKOHAHHI e1eKmpo0y208020 HANAAGIEHHA Opomamu diamempamu 3...5 MM nio
¢nrocom. nocmitinum cmpymom 3eopomuoi noasprocmi 6 mexcax 500... 10004 i wsuokocmi naniaenienus
6 medxcax 10...40 m/200. Ilpu yvomy 6yoe cnocmepicamucs noOpiOHEHHS I CMPYKMYPHUX CKIAO0BUX 8
HAan1asieHoMy Memaini (ei) i nio8ueHHs iX CLyHCOOBUX XAPAKMEPUCMUK.

Knrouogi cnosa: oyzoee nannagnenns, nonepeune mMazHimue noie, iHOyKyis, yacmoma.

IMocranoBka mpodJemu. IIporecu nyroBoro HamjaaBieHHS 1 3BaplOBaHHS MMija (IIFOCOM
3aiiMal0Th OJIHE 3 HaWBAXKIJIMBIIIUX MICLb NMPU 3’€IHAHHI Ta BIAHOBJICHHI KOHCTPYKIIH y ramysi
MamHOOyAyBaHHs. EQEeKTHBHICTh mpollecy AyroBOTO HAIUIABICHHS 1 3BapIOBAaHHS 3aJICKUTH Bif
IPOJYKTUBHOCTI PO3IUIABJICHHS €JIEKTPOAHOIO JIPOTY 1 IPOIJIaBICHHS OCHOBHOTO MeTaly, BiJ
MOXJIMBOCTI KEpYyBaHHS TPOLECOM KpPHCTaNi3amii piIKOTOo MEeTajay B 3BaproBaibHiM BaHHI. J[is
HiJBUIIEHHS €(EeKTUBHOCTI LIUX IPOLECIB MEPCIEKTUBHUM € BUKOPUCTAHHS KEPYIOUMX 30BHIIIHIX
Mar”iTHUX mnouiB. HaifuacTime mpu QyroBoMy 3BaproBaHHI Ta HaIlJIaBJICHHI BHUKOPHCTOBYIOTH
no3noBxkHi MarHiTHi mons (IIAMII) 1 momepewuni wmarnitHi mois (IIOMII). Ilpu upomy
CIIOCTEPITra€ThCsl MOAPIOHEHHS CTPYKTYPHHUX CKiIanoBux mmBiB. Ilpu mii kepyrouoro momnepeyHoro
marHitHoro mosst (IIOMII) mpu nyroBomy HamjaBI€HHI TaKOX CIIOCTEPIrae€Thcs MOAPIOHEHHS
CKJIQJIOBUX CTPYKTYPH HAIUIaBICHOr0 MeTany. € 3Ha4yHa KiJbKiCcTh MyOJiKamiid, Hanpukian, [1-4],
B SKHUX BCTAHOBJIEHO, IO MNPU JYrOBOMY 3BaplOBaHHI 3 J1€l0 KEPYHOUMX MArHITHHUX IOJIB
B110yBa€ThCsl MOAPIOHEHHS CTPYKTYypH MeTany miBa (200 HaIJIaBJIEHOrO0 MeTaly) 1 IiJBHUILEHHS
MEeXaHIYHUX BJIaCTUBOCTEH 3BapHMX MIBiB. IIpu nyroBomy HamjaBieHH! (3BaploBaHHI) JOLIJIBHO
BUKOpUCTOBYBaTH 3HaKo3MiHHI [IOMII, ockiiibku B 1bOMY BHUIAAKY 3a0€3Me4YyeThCs TapHE
¢bopMyBaHHs BaJuKiB (IIBiB). Ha PiIKMH MeTajd 3BaplOBaJbHOI BaHHM BIIJIMBAa€ 3HAKO3MiHHE (Y
Buriaal immyiabsciB) IIOMII. V 3B'S3ky 3 MM € akTyaJbHUM BHU3HAUYEHHS B3a€MO3B'A3KY MIXK
3HaUYEHHAMM IHIYKUIT 1 yacToToro 3Hako3MiHHOro ITOMII, ski 3a0e3neuyoTh epekTuBHe (IO BCilt
JOBXUHI BaHHM) TMEPEeMIUIyBaHHS PIAKOrO MeTajly MpH €JIeKTPOAYyrOBOMY HaIlIaBJIEHHI
(3BaproBaHH1) APOTOM MiJ (pIrOCOM.

AHaJi3 ocTaHHIX aocaigkeHb i myOJikamiii. 3rigHO BiJOMOMY IMOJIOXKEHHIO XoJuia-
[Tetua [1] 3MeHIIICHHS PO3MIPIB CTPYKTYPHUX CKJIaJOBUX METATy MPU3BOIMUTH JO MiBHILEHHS HOTO
MEXaHIYHUX XapaKTepHUCTUK. ABTOpH pOOIT MO-pi3HOMY MOSICHIOIOTH [il0 Mar"HiTHUX IIOJIIB Ha
No/ApiOHEHHSI CTPYKTYPHUX CKJIQJIOBUX METally 3BapHUX IIBIB, [0 YTBOPIOIOTHCA TMpH iX
KpUCTami3amii, aje BCl BOHHM BIJ3HA4yalwTh, W10 MOAPIOHEHHA CTPYKTYpHHUX CKJIAJOBUX B
HaIjIaBJIeHOMY MeTasli (B HIBaX) OOYMOBJIEHO pyXOM MOTOKIB pIAKOro MeTajay B BaHHI NpH il
KepyIOUUX MarHiTHUX moiiB. B pobGoti [5] mokazaHo, mo mnpu JAyroBoMy HArJIaBICHHI Ie
BiIOyBa€ThCA  NpPHM NEPBUHHIA KpHCTali3amii piJIkoro MeTaldy BaHHH, TOOTO 3a paxyHOK
MIPUMYCOBOT'0 MEPEMIIIEHHS PIAKOr0 MeTaay Yy BaHHI IPH Al KePYHOUMX MarHiTHUX MOJIIB.

Mera poGoTn. Meroro naHoi poOOTH € OTPUMAHHS ONTHUMAJIBHUX 3HAYE€Hb YaCTOTH
3HAaKO3MIHHOI'O TMOMEPEYHOr0 MAarHiTHOT'O MOJii MpPU 3aJaHOMy pIBHI HOMNEPEYHOi KOMIIOHEHTH
IHIYKIIT OISl AN JOCSITHEHHS MEepeMIllyBaHHs PiIKOTO MeTaly BaHHHM MO BCiHl i1 MOBXHHI NpHU
OyTOBOMY HAaIUIaBJIEHHI APOTOM MiJ (irocoM [js MOJAPIOHEHHS CTPYKTYPHUX CKIQJAOBUX Y
HaIJIaBJICHOMY MeTali.

OCHOBHi HampsIMKHM JA0CJaizKeHb. B po6oti [6] Oynmu Busnaueni mapamerpu I[IOMII, ski
3a0e3neuyroTh MepeMilllyBaHHs PiAKOr0 METally y BaHHI MPH AYyroBOMY HarultaBleHHI aporom CB-08A
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miamerpoMm 5 mm min durocom AH-348A. Ane nani po6otu [6] npo wactoty 3Hako3minHoro [TOMIT
MOXKYTh OyTH 3aHMKE€H1, OCKIJIbKU IUIOIIA KOHTAKTy PIAKOTO METaly 3 TBEpAUM METajioM B TOJIOBHIN
yacTuHi OyJa 3aBumieHa. Lle moB’s13aHo 3 TUM, LIO IIfO IJIOULY PO3PAaXOBYBAJIHU 3 BUKOPUCTAHHIM JaHUX:
rIuOUHA IPOTUIABICHHS MeTaly - H'yy 1 IIMpUHA HAIUIABJICHUX BAJIMKIB - B's (AMB. Tabnuio). Ase, siK
MoKa3zaHo B poboTax [7 - 11], B royioBHIN 4acTUHI BaHHU po3Mipu Hy,p 1 Bs3HauHO MeHll, HX H'yp 1 B,
OTpHUMaHi MiCIsl HAIUIaBJICHHs BaJMKiB (IMICIs MOBHOI KpHCTaNi3alii piIkoro MeTaily 3BaplOBaJbHOT
BaHHM). lle morpebye yTOUHEHHS MaHWUX MPO ONTHUMAJIbHI MapameTrpu 3Hako3MmiHHuUX [TOMII, mo
3a0e31euyroTh NepeMillyBaHHs P1IKOTO METaly Y BaHHI IO BCI 11 TOBXHUHI.

Pospaxynku ontumanbaux mnapameTpiB [IOMII BUKOHyBaid TPHHHSAB CXEMy 1 pO3MipH
3BaproBanbHOl BanHU (1 iHaykuii B, [TOMII B3nosx Bici OY), HaBeneny Ha puc. 1. Ha miif cxemi
MOKA3aHo, IO MiJ THCKOM 3BapIOBAIbHOI JYTH BiI0YBAa€ThCS BUTHH PIIKOTO METajdy BaHHHU, TOOTO
YTBOPIOETHCS KpaTep, SKuil Mae po3mip: Oy, — niamerp kpatepy; Ny, — rmbuna kparepy. L{i mokasHukw,
a TaKOX 1HII MOKa3HUKH PO3MIpiB BaHHH, OyJM BUKOPHUCTaHI B JaHiil poOOTI 1 HaBeJeHI B TaOJMIIL.
HaBeneni B Tabnuimi [gaHi OTpUMaHi €KCHEPUMEHTAIBHO IMpPH JAYTOBOMY HAIUIABJICHHI MOCTIHHUM
CTPYMOM 3BOPOTHOI nossipHOCTi ApoToM CB-08 A miamerpom 5 mm mia ¢arocom AH-348A Ha niacTuny
BMCrt3cn ToBmmHO©0 20 MM.

Po3paxyHku B JaHiit poOOTI BUKOHYBaJIU TaKMM 4HHOM. B pobortax [7, 8] mokasamo, mo 90 %
CTpYMy 3BaprOBaHHs (HAIUIaBJICHHS) MPOTIKae Yepe3 MepeHIo CTIHKY Kparepy BaHHU. Lle monoxeHHs
Oyio nmpuitHATO B AaHiit poOoTi. [ToTpiOHO Oyio BU3HAYUTH (PO3paxyBaTH) CepeaH] 3HAUEHHS OChOBUX
KOMIOHEHT (B3710BXK Bici OZ) miTBHOCTI CTPYMiB Ha MOBEPXHI KOHTAKTY 3BAPIOBAIBHOI IyTH 3 PiIKUM
METaJIOM BaHHH Ha 11 Mepe/Hiil MOBepXHi KpaTrepy — S1, a TAK0K MOBEPXHI KOHTAKTY PIIKOTO METaly
BaHHU 3 TBEPJHMM METAJIOM Ha TIEpeHIN CTiHII BaHHU — Sp. Sk 1 B poboTax [6-8] mpuitHsum, mo JiHii
CTpyMy MEpIEeHANKYISAPHI moBepxHsM Sy 1 Sy ( puc. 1).
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Pucynok 1 — Cxema 3BapioBaibHOI BAHHU IIPHU JyrOBOMY HaIlJIaBJI€HHI 1 OCHOBHI 1 T€OMETpUYHI
po3mipu (I1B ITOMII ymoBHO He nokazaHo, B, — inaykuis [IOMII): 1 — enextpox;
2 — 3BapIOBANBHUN JIyTa; 3 — PIAKHIA METaJ B 3BapIOBAIBHOI BaHHI 4 — BUPIO-TUTacTHHA
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@opMHu peallbHUX TOBEPXOHB S1 1 Sz anmpoKcUMyBasid (pOpMaMu MOJIOBHH KYJIbOBUX CEIMEHTIB
BiAMmoBigHO paaiycamu Ri 1 Ro.
Paniyc R1 po3paxoByBau 3rigHo naHuM podoru [12]:

(05d,, ) +h?

R =
1 2h » M. (l)

Kp

ne Oy, — miaMeTp Kparepy, M;
h., — rmubuHa Kpatepy, M.
{inpHICTH paAiabHOI KOMIIOHEHTH CTPYMY Ha MOBEPXHi Si!

. 091,
Ju = Sl

, A/M? 2

e S, = 27le2 M2
Po3paxyHKu reoMeTpUYHUX pO3MIpiB 3BapIOBAJILHUX BaHH B FOJIOBHUX 1X YacTUHAX (B KpaTepax)
BUKOHYBaJIHM 3 BUKOPHCTaHHSM TEOpii TEIUIOBHX IPOIECIB AYroBOro 3BaproBaHHsA. byma mpwuiiHsara
cXeéMa PyXOMOI'o TOYKOBOIO JKepesia Teljla Ha MOBEpXHI HaliBHECKIHYeHoro Tina [9]. Po3paxyHok
PO3MiB BaHHHM BUKOHYBAJIH, BUXOASIYH 3 GopMynu, IpUiHIB 1’ = Ty
-V, (x+R)

TRX) =g 2 3)
27AR
ne qu = #uly-Us — edeKTHBHA MOTYXKHICTh HAarpiBy BUpoOy nyroro, BT;
nu — epexruBamii KK/] HarpiBy BupoOy nyroto, 7, = 0,9.
T, — TeMrieparypa niuasieHHs metany, 1o, = 1773 K;
A — xoedimieHT terwtonposinHocTi, Br/mK; A = 40 Bt/m'K;
a — xoeillieHT TemmepaTyponpoBigHoCTi; M/c?, a = 810 M%/c;
R, x — BIAMOBIHO pajilyC-BEKTOP BiJ JDKEpEa 0 PO3TIISTHYTOI TOUKH 1 BiICTaHb 110 (X, M;
V,, — HIBUAKICTH HAIUIaBJIECHHS, M/C.
[TpuiiHATI po3paxyHKOBI JaHi CTOCOBHO JyTOBOI'O HAIIABJIEHHS JPOTOM JiaMETpPOM 5 MM Iif
dmocamu AH-348; )KCH-1 (Uy = 30...32 B) Ha cTaseBi miacTHHA TOBIIMHOK 20 MM HaBe/IeHI B TAOJIHIII.

Taomurst — dani s pospaxyskis f [TIOMIT

Cepus NeNe | lu, | Va, L)_(;, B_'g, H;np, d,,f., h_,g, dg, B.;, H_l;p,

nn A | ma | 10%m | 10°m 104, m | 102 | 10“m | 10°m | 10°m | 10, m
M

1 400 | 10 | 4,0 20 | 050 | 0,25 | 0,25 | 6,0 15 0,40

2 500 | 10 | 50 23 | 065 | 032 | 0,32 | 65 15 0,55

L 3 650 | 10 | 65 25 | 080 | 040 | 040 | 70 18 0,70

4 800 | 10 | 7,0 30 | 1,00 | 0,50 | 0,50 | 8,0 20 0,85

5 900 | 10 | 85 31 | 125 | 062 | 062 | 95 24 1,00

6 | 1000 | 10 | 10,0 | 32 1,30 | 0,65 | 0,65 | 10 28 1,10

1 800 | 5 7,0 34 | 1,10 | 055 | 0,55 | 85 30 0,95

2 800 | 10 | 7,0 31 | 105 | 1,03 | 1,03 | 85 20 0,85

Vi 3 800 | 15 | 7,0 24 | 1,00 | 0,50 | 0,50 | 8,0 18 0,80

4 800 | 20 | 7,0 22 1,00 | 050 | 050 | 7,5 16 0,80

5 800 | 40 | 7,0 16 | 095 | 042 | 042 | 6,0 14 0,70
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Paniyc R2 po3paxoByBanu o dopmymi [12]:

s,y +H: (4)
2H

np

R2
ne B, — mupuHa 30HU IpoIIaBiaeHHs B3A0BXK Bicli Y-Y (Z =0, X = 0), m;
H,, — rmubuna nporuiaBnenHs 3ok Bici OZ (Y =0, X =0), m.

{inpHICTH paaiabHOI KOMIIOHEHTH CTPYMY Ha MOBEPXHi Sy!

) 0,91
Jro = Sz

H

, A/M? (5)

2
ne S, =27R; , M2
OCbOBi KOMIIOHEHTH HIUIBHOCTEH CTPYMiB (CepeHi 3HAUCHHS B3JIOBXK MOBEPXOHb S11 S2):

jz1 :0'65le ; jzz 20765‘ij . (6)

[Tpuiitmanu, o y piAKOMY MeTail Ha MepeHil CTiHII KpaTepy BaHHH MiX MOBEPXHAMH S11 Sz
HIUTBHICTD CTPYMIB 3MEHIIYEThCS JTIHIHHO, TOJII CepeIHE 3HAYCHHS MIUIBHOCTI CTPYyMY:

. " .
Jch :JZ]-TJZ:L . (7)

I[Tpu pyci piakoro MeTany B XBOCTOBY YaCTHHY 3BapIOBAIbHOT BAHHM B110yBA€ThCSI TalbMyBaHHS
noToky. OIIHUTH pO3PaXyHKOBHM MUISXOM TEMI TaJbMyBaHHS MOTOKY BaXKo. MakcHMaibHa
IIBUJIKICTh NOTOKY Vx CIIOCTEPIraeThesl B LIApi PiAKOro MeTally Mif AYyrolo, Je MakCUMalbHa I'yCTHHA
cTpyMy J.. Ha moBepxHi pizkoro metany 3a ayroto Vx = 0, aHanoriudo i Ha JaHi kparepa (Z = hy,) Vx = 0.
JIiHii cTpyMy HpoOXoAsTh B OCHOBHOMY nepea Ayroro. Ilicims po3roHy BepxHi LIapu MeTaly BaHHU
HaOyBalOTh J€AKY LIBUIKICTH TOOTO MBHUIKICTH Vx 3MeHuIyeThcs. KpiM Toro, ranbmyrouy Ji0 Mae i
posruiaBneHuit ¢uroc (pigkuid nuiak). Asje B KpaitHiil Touni BanHu Vx = 0. Toai cepenHst MBUAKICTH
noTOKY Vxep = 0,5Vx.

3nauenHs ryctuHH enekTpoMarHitHnx cun (F, H/M®), mo 3aGe3meuyioTh mpuMycoBe
MEepeMIIIEHHsI KOXKHOTO MIKpooO’eMy piakoro metany B3aoBk Bici 0X (puc. 1) Bu3Hauamm 3a
dbopmyIo10:

F=]J,xB, , H/m® (8)

ne B, — nonepeuna komnonenTa inaykuii [IOMII (B3gosx Bici 0Y), To.

Sx i B poboTi [8] Opanu, mo JiHIT CTpyMy NMeprIeHANKYIISpHI TOBepXHIM Kparepa (S1, Sz Ha
puc. 1). Ilig nieto cumun F xoxkeH eneMeHT (0Ocsr) piAMHM B NEpelnHil 4YacTWHI BaHHU OTPHUMYE
MPUCKOPEHHS:

a=g g m/c?, €)
ne G — rycruna cui Taokines, G = 7-10% H/v®,
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[Tin nmiero cwm F (i gi€r0 MPUCKOPEHHS — @) MIBHIKICTh €JIEMEHTIB PIAMHHU BiTHOCHO OCi Z
y310BXK Bici OX:

V_=+2L-a,wmk. (10)

[IpuiimManu, 1m0 «pO3riH» EJIEeMEHTIB PIIMHU OTPUMYIOTH Ha JOBXKHHI L, 1o mopiBHIOE
cepeHbOMY 3HAYCHHIO paaiyciB R1 i Ra, ToOTO:

(11)

Jns renepanii inaykuii [IOMII BukopucTOBYBanu MpUCTPi KOHCTPYKINS SKOrO HaBEACHA B
poborti [2]. Cxema IpsSMOKYTHHX 3HAKO3MIHHHUX IMITYJIBCIB CTPYMY B KOTYIIKaxX NMPHUCTPOIO BBEIACHHS
[TOMII i nonepeyHoi KOMIIOHEHTH IMITYJIBCIB 1HIYKIIIT IbOTO MOJIsI HaBeaeHa Ha puc. 3. TpuBanicts nays
Oyra He3MiHHOO 1 ckiagana t; = 0,01 c.

3Ha4yeHHs TpUBAIOCTI iMIyJbey (B)) IIOMII:

L
t =— (12)

xcp
1e Viep — CepeiHs 1Mo JOBXKHMHI BAHHU MBUIKICTh MOTOKY (Vi = 0,5Vy).

)i A
(B.)

0

S ©

— —
— S

PucyHok 2 — Cxema iMITyJIbCiB B KOTyIIKax nprctporo BBeaeHHs [IOMIT (inaykuii B))

BuxopucroByroun fani npo Viep 1 Lxs, 00UMCIIOBATN TPUBATICTh NPSIMOKYTHUX 3HAKO3MIHHHUX
immysbciB iHaykmii [IOMII- t; -3a hopmyioro (12), a wacroty f 3a popmytoro:

1_—1 NL 13
T 2t+2t 2t (13)

1

ne B, — nonepeuna komnonenTa iHaAykuii [IOMII (B3posx Bici 0Y), To.

[Tpu upomy Opanu (BIAMOBIAHO 0 AaHUX poOiT [7, 8], mo 90 % crpymy |, nmpotikae uepes
MepeIHI0 KPOMKY I'OJIOBHOT YaCTUHU BaHHU. SIK 1 B po0OoTi [8] Opanu, 110 JiHIi CTpyMy MEepHeHIUKYISIpH1
noBepxHi kparepa (S1 Ha puc. 1).

3HaueHHs TpUBaJIOCTI iMmyIbey (B)) I[IOMIT:
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t — LXH
Y (14)

xcp

1€ Vxep — CepeiHs 10 TOBXKHMHI BAaHHU MBUIKICT MOTOKY (Viep = 0,5Vy).
BuxopucroBytoun fani npo Viep 1 Ly, 00UHCIIOBATIN TPUBATICTh NPSIMOKYTHUX 3HAKO3MIHHHX
imysbciB iHaykmii [IOMII- t; -3a hopmyioro (14), a yacrory f 3a popmyoro (t, = 0,01 ¢):

T 2t +2t, 2t (15)

ITpu pospaxynkax napamerpiB [IOMII BUKOpUCTOBYBaJIM €KCIEPUMEHTANIbHI 1 pO3paxoBaHi
JaHi PO po3MipU 3BaprOBAIbHUX BaHH, sAKI HaBeaeHi B TaOmmmi. OTpuMaHi po3paxyHKaMu JaaHi
HaBeJICHI Ha puc. 3.
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Pucynok 3 — 3anexnicts yactoru f [IOMII Bix cTpymy HaruiaBieHHs (a)
1 mBUAKOCTI HaraBiaeHHs (0): a — V, = 10 m/rox; 6 — 1, = 800 A;
1, 2, 3 — BianmoBigHo Mst iHaykiii [IOMII By =25, 50, 100 MTn
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BcranoBiieHo, 110 1ipu 30UTbIIEHHI CTPYMY HarutaBieHHs |, 3HaueHHs 4acToTH f 3HaKO3MIHHOTO
[IOMII npu nanomy piBHiI iHAYKHii By 3menmyrotbes (puc. 3, a). Ilpu 30u1bLIeHH] IIBUAKOCTI
HariaBieHHs: 3HaueHHs yactotu f [IOMII npaktuuno He 3MiHIOWOThCS (puc. 3, 0). [Ipu 30inbIICHHI
iHnykuii By TIOMIT (Bin 25 mTn no 100 mTxn) 3nauennst wacrotu f [IOMII 30unbiryrotThes. Takum
YHHOM, IS IIOBHOTO TIEPEMIIIIyBaHHS PiIKOTr0 MeTany (10 BCii JOBKUHI XBOCTOBOIT YaCTHHI BAaHHH L 4)
HeoOxigHa yacrota [IOMII B giamazowni 1,5 — 3 I'u mpu piBHi igaykuii B; = 25 mTa. Skmio 30i1smuTu
inaykuito By [IOMII go By = 100 mTi, To onTHManeH1 3Ha4Y€HHS 4YaCTOTH JIeKAaTh B JianasoHi 2,5...5,0
. IIi maHi peKOMEHIYIOTHCS ISl BUKOPHCTAHHS TPU BUKOHAHHI E€JIEKTPOJYTOBOTO HAILJIABJICHHS
apotoMm Tia ¢urocom. Tlpu oMy, Ik BCTAHOBJICHO B 0araThoX poOOTax, MpH JTyrOBOMY HarlIaBJICHHI
(3BaproBanni) 3 giero I[IOMII Oyne cnocrepiratucs NOAPIOHEHHS CTPYKTYPHHX CKJIaJOBHX B
HaIUIaBJIeHOMY MeTai (11B1) 1 MiABHUILIEHHS iX CTy)kK00BUX XapakTepucTuk. [IpuBeneHi qani BiqHOCATHCS
710 TIPOIIECY EJIEKTPOAYTOBOTO HAIUIABJICHHS MOCTIHHUM CTPYMOM 3BOPOTHOI MOJSIPHOCTI aApoToM CB-
08A nmiametpom Smm min dmrocom AH-348. Ane, siKIo 3acTocyBaTH APOTH JiameTpoM 3 1 4 MM, TO
HaBeJeHi JaHi npo ontuManbHi mapamerpu [IOMII He 3MiHATBCS B 3HAYHINA Mipi, OCKUTBKH PO3MipH
3BapIOBAJIbHUX BaHH MPHU I[bOMY MPAKTUYHO HE 3MIHATHCS BIJTHOCHO 3HAUYCHb, MPUBEACHUX B TAOJIHIII
JTaHOI CTATTI.

B cuny npuitHATHX B poOOTi mpumyiieHs, orpuMani gaui mpo f [IOMII € opieHTOBHHMHU TIpH
npusHaueHHi iHaykuii By 1 gactoru f TIOMII ais mporeciB AyroBoro HaruIaBJICHHS 1 3BapIOBaHHS
npotoMm mia ¢arocom. HaBeneni mani mpo yactoty [TIOMII npu 3a3HadueHux 3HAYEHHSX 1HAYKLII B),
[TOMII crix TpakTyBaTH SIK MiHIMaJIbHI 3HAYEHHS 4aCTOT. MOKIIMBO, IO peaTbHI 3HAYCHHS ITUX 9aCTOT
OyayT aemro Ouibllle, HIXK OTPUMaHI HAMH PO3PAXYHKOBHM ILUISIXOM.

[Ipu nyroBoMy HarUIaBiI€HHI APOTaMHU JiaMeTpaMM B Mexax 3...5 MM mijx ¢urocoMm 3
3aCTOCYBAHHSM BCTaHOBJIEHMX onNTHUMalbHUX mapamerpax IIOMII mae 3abe3nedyBarucst MOBHE
nepeMillyBaHHs P1IKOro MeTaly B BaHHI (110 BCii 1 JOBXUHI) 1 HOJAPIOHEHHS CTPYKTYPHUX CKJIaJI0BUX
HaIUIaBJIEHOTO MeTaiy, abo IBiB.

BUCHOBKHA

1. Po3pobiieHa po3paxyHKOBa METOAMKA, sIKa J03BOJSE OTPUMATU JaHI MPO MIBUAKICTH
IPUMYCOBOTO PYXYy PIAKOrO MeTally BaHHM NpPU JIYroBOMY HAIUIABIE€HHI 3 JIIEI0 KEpyKdoro
3HAKO3MIHHOTO MONEPEYHOT0 MAarHiTHOTO MOJIS 1 BCTAHOBUTH ONTHMAaJIbHI apaMeTpU LbOTO MOJIS IS
e(peKTUBHOTO MEePEMIlIyBaHHS PiIKOT0 METally y 3BaplOBaJIbHIM BaHHI.

2. BcraHoBieHO, 10 eEeKTHBHE MEPEMINTYBaHHS PIiJKOTO METaNly Y 3BaprOBaJIbHIN BaHHI MpH
JIyroBOMy HaruiaBieHHi apotoM CB-08A nmiamerpom 5 mm mij ¢rocom AH-348 moctiiiHuM cTpymMoM
3BOopoTHOI mossipHOCTI B Meskax 500...1000A 1 mBuakocTi HaraBieHHs B Mexax 10...40 m/rox 3 gieto
[MTOMII mpu ingykmii monst 25...100 MTn mocsraeTbess TpU ONTUMANBHIA YacTOTI TMONS B MeEXKax
1.5...5,0 T'm.
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PasmbinuisieB A. JI., Areesa M. B., Beiambim I1. A.

PACYET MAPAMETPOB INOITEPEYHOI'O MAT'HUTHOTI'O IOJIS J1JIs1
E®OEKTUBHOI'O IEPEMEIIIUBAHUS METAJLJIA B BAHHE ITPH
JYTOBOM HAILJIABKE

s nosviwenus 3¢pghexmusnocmu npoyecca 0ye080u HANIAGKU NEPCHEKMUBHbIM S6ISENCsl
UCNONb306AHUE YNPABIAIOWUX BHEWHUX MacHumuslx noneu. Ilpu Oyeosoli Hannaske (ceapke)
YenecoobpasHoO UCNOIL308aMb 3HAKONepemMeHHble nonepeunvie macHumuule noasa (IIOMII), nockonvky
8 2moMm ciyuae obecneuusaemcsi xopouwiee Gopmuposarue 6anuxkos (weos). Ha owcuoxuii memann
CBAPOUHOL BaHHLL GIUAem 3HaAKOonepemeHnHoe (6 eude umnyivcos) [IOMII. O630p nrumepamypHbix
OAHHBIX NOKA3AA, YMO He OnpeoesieHbl ONMUMATIbHble 3HAYeHUs UHOVKYUU U YACTOmbl
3naxonepemennozo IIOMII, npu xomopwix npoucxooum 3¢pgexmusnoe (no eceii Orune 6amHbl)
nepemeuusane HuoK020 Memauid npu d1eKmpo0y2080il HaANIAeKe (ceapke) nPososoKol noo Guocom.
B oannoti pabome pazpabomana pacuemuas memoouka, KOmopas no3eojsem HOLyYUms OaHHblE O
CKOPOCMU NPUHYOUMENLHO20 OBUNCEHUS HCUOKO20 MEMALIA BAHHbI NPU OY2080U HANLABKE C OellCMEUeM
VAPABIAIOWE20 3HAKONEPEMEHHO20 HONEPEeYHO20 MASHUMHO20 NOJA U YCMAHOSUMb ONMUMATbHbIE
napamempbl 9mo2o nois 015 IPOEKMUBHO20 NepeMeuuBanus HCUOK020 Memaid 6 C8apO4HOl 6aHHe.
B paspabomannoii memoouxe pacuemom onpeoenanu 2eomempuieckKue pazmepvl C6apOYHbIX 6aHH HA
nepeowell cmeHKe Kpamepa C8ApoOYHOU 6AHHbl, A Opyaue pamepvbl CE8APOUHbIX BAHH ONPeOesIU
IKCNEPUMEHMATbHO. DNeKMPOMAcHUMHYIO cury npu eosdelicmeuu IIOMII onpedensanu ymHodicenuem
NONepeyHoll KOMNOHEHMbl IMO20 NOJI HA CPeOHee 3HAUeHUe NIOMHOCMU MOKA HANIABKU 6 HCUOKOM
Memaiie 8aHHblL HA ee nepeoHell CmeHKe.

Yemanoeneno, umo npu ysenuvenuu unoykyuu IHOMII (om 25 mTn oo 100 mTn) 3nauenus
uacmomut [IOMII ysenuuusaromcsa. Takum obpazom, 01 NOIHO20 NepeMeuusanus HeUoKo2o Memaiia
(no acetl dnune x60cmosoul yacmu 8auuvl Lyg) Heobxoouma yvacmoma IHOMII 6 ouanazone 1,5 ... 3 'y
npu yposHe nonepeyHol KoMnoHenmol unoykyuu B; = 25 mTa. Ecnu ysenuyumo unoyxkyuio IIOMII oo
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By = 100 mTn, mo onmumanvuvie 3nauenus wacmomul aedcam 6 ouanasoue 2,5 ... 5,0 I'y. Dmu oannvie
PEKOMEHOYIOMCSL K UCHONb30BAHUI0 NPU  8bINOJIHEHUU DJIeKMPOOYy2080ll HANIAA6KU NPOBOJOKOLL
ouamempamu 3 ... 5 MM n0O G0COM. NOCMOSHHBIM MOKOM 00pamuoil noasprocmu 6 npeoenax 500 ...
1000 4 u ckopocmu nannasxu 6 npedenax 10 ... 40 m/u. [Ipu smom 6ydem HabIIOOAMbCS UBMETLYECHUE
CMPYKMYPHBIX COCMABIAIOWUX 8 HANIABIEHHOM Memaie (uee) U NosbluleHUe UX CIAYHCeOHbIX
Xapakxmepucmux.

Knrwuesuvie cnosa: oyeosas Haniaeka, nonepeyHoe MazHumHoe noie, UHOYKYus, 4acmomad.

Razmyshlyaev A. D., Ahieieva M. V., Vydmysh P. A.

CALCULATION OF THE PARAMETERS OF THE TRANSVERSE MAGNETIC FIELD FOR
EFFECTIVE MIXING OF METAL IN THE BATH WITH ARC SURFACE

It is promising to use controlling external magnetic fields, to increase the efficiency of arc
surfacing process. It is advisable to use alternating transverse magnetic fields (TMF), since in this case
a good formation of beads (seams) is ensured in arc surfacing (welding). The liquid metal of the weld
pool is affected by an alternating (in the form of pulses) TMF. A review of the literature data showed
that the optimal values of induction and frequency of the alternating TMF have not been determined, at
which there is effective (along the entire length of the bath) mixing of the liquid metal during electric
arc surfacing (welding) in submerged arc surfacing (welding) with wire. In this work, a calculation
technique has been developed that allows one to obtain data on the rate of forced motion of the liquid
metal of the pool during arc surfacing with the action of a control alternating transverse magnetic field
and to establish the field optimal parameters for effective mixing of the liquid metal in the weld pool. In
the developed methodology, the geometric dimensions of the weld pools on the front wall of the weld
pool crater were determined by calculation, and other dimensions of the weld pools were determined
experimentally. The electromagnetic force under the action of TMF was determined by multiplying the
transverse component of this field by the average value of the surfacing current density in the pool liquid
metal on its front wall.

It was stated that with an increase in the TMF induction (from 25 mT to 100 mT), the values of
the TMF frequency increase. Thus, for complete mixing of the liquid metal (along the entire length of
the tail part of the bath), the TMF frequency in the range of 1.5 ... 3 Hz is required at the level of the
transverse induction component B; = 25 mT. If the TMF induction is increased to By = 100 mT, then the
optimal frequency values are in the range of 2.5 ... 5.0 Hz. These data are recommended for use when
performing submerged arc welding with wire by diameters of 3 ... 5 mm with direct current of reverse
polarity in the range of 500 ... 1000 A and surfacing speed in the range of 10 ... 40 m/h. In this case, the
refinement of the structural components in the deposited metal (weld) and an increase in their service
characteristics will be observed.

Keywords: arc surfacing, transverse magnetic field, induction, frequency.
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