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PacnpenesieHue CBAapO4YHOI0 TOKA B U3AEJIHU U
BaHHE IPHU TYTrOBO# CBapKe
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Poioauyk A. M., T'y L1 gujieren12345@163 .com

MITY um. HD. baymana, Mockga, Poccus

B cTaThe paccMOTpeHO paclpeielieHne CBapoOYHOTO TOKa B M3/ICJ MK U BaHHE IPH JyTOBOM CBapKe UIsl
3() P eKTHBHOTO HCIIOJIB30BaHUA CIIOCO00B (OPMHUPOBAHMS IIIBA MAaTHUTHBIM HoJeM. BeiOpana mozens
HOPMAaJIbHO-KPYTOBOTO ~ pacHpejelieHuss TeIUIOBOrO MOTOKa M MOJEJb HOPMAlbHO -KpYTOBOTO
pacrpe/eneHusl CBapOYHOrO TOKa Ha MOBEPXHOCTH KOHTAKTA IYTHM C JKHIKMM MeTayioM. B pabote
MOBEPXHOCTh KOHTAKTa MyTM C OKUIKAM METaJUIOM ObUla TIPHHATA OSKBHIO TCHIMAIBHOH U
OJIHOBPEMEHHO M30TEPMHUYECKON C TeMIIepaTypoii, paBHOH TeMIepaType KUMEHHMs )KUIKOTO MEeTala,
IpH IpeHeOpe)KEHIN BIUSHUEM TEIJI00 TROJA Yepe3 Hapy KHBIE TOBEP XHOCTH CBAPMBAEMOTO H31¢ JIHS.
[Ipu 3TOM paccYMTaHO paclpeleiCHNe IO THOCTH CBAPOYHOTO TOKA B M3JCJIMH, KOTOPOE 3aBHCHUT OT
pacmpereneHnus IUIOTHOCTH TEIJIOBOTO IIOTOKA B U3CIMU. BBIBEJEHO COOTHOIIGHHE MEXAY
3K TPHYECKOM TOKOM M TEIUIOBOM HOTO KOM.

KinrouyeBble ciioBa: AyroBas CBapkKa, JJCKTPUYECKOC MOJIC, MJIOTHOCTHL CBAPOYHOTO TOKa, TEMJIOBOM

[OTOK, HOPMaJIbHO-KPYTOBOH MCTOYHUK TellJa

JlyroBas cBapka HaxoIuT HanboJjee MMPOKOE UCIIOJIb30BAaHUE B CBAPOUYHBIX TEXHOJIOTHSX.
Jns ynpaBieHHs KaueCTBOM MeTajllla CBAPHOIO IIBA IPHU CBAPKE M MAaMKe C HUCIOJb30BAHUEM
JyTU TIEPCIIEKTUBHO MCIIOJIb30BAHNE MAarHUTHBIX IMOJIEH, B3aUMOJEHCTBYIONMX C JYTOM WIIU C
JKUJIKHM METaJUIOM CBapO4YHOU BaHHHI [1,2].

Hcronb30BaHME MAarHUTHBIX MOJIEH MO3BOJIIET OSCKOHTAKTHO M ONEPATUBHO YIPABJIIATH
Ka4yeCTBOM  CBApO4YHBbIX IporeccoB. lloaTOMy MOCTOSHHO HPOBOIATCA  MCCIECIOBAHUSA
BO3MOXHOCTEH 3(P(eKTUBHOTO HMCIOIB30BAHUS MArHUTHBIX IOJIEH TpPH JyrOBOW CBapke M
HaraBke [3,4].

Ilpu  nmyroBoil cBapke ILIMPOKO IPUMEHSIOTCS  BHEUIHUE  MAarHUTHBIE  I1OJIA,
B3aMMO/JICICTBYIOIME CO CBAPOYHBIM TOKOM B JKUJKOM METajule€ CBApOYHOM BaHHBI, Ui
yIpaBJIEeHUs KAYeCTBOM MeTajlia U (OopMbl 1IBa.

Ha »ToM nmpuHuMNE OCHOBaHBI CIOCOOBI YIpaBleHHWs KpucCTauM3anued u Gopmoil mma
IPOJOJIBHBIM OTHOCUTENIBHO OCH JYyI'M MarHUTHBIM MoJieM [5,6] u cnocoObl opMHUpPOBaHUS LIBA
IONEPEUYHbIM MAarHUTHBIM mosieM [7-9]. ns 3¢pQPeKTHBHOIO HCHOJIB30BaHHUS 3TUX METOJOB
HE0O0XOMMO YMETh PACCUUTHIBATH 3JIEKTPHUUECKOE 110JI€ B CBAPOYHON BAHHE U U3JICIUH.

IIpu nyroBoii cBapke HMPOUCXOAUT AedopManus TEeMIIEpaTypHOro IHOJs MPH JIBH)KEHUU
ayru [10,11]. TlosTomy mpoucxoaut nedopMaiius IEKTpUUEcKoro mojis B uznenuu [12]. Ota
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nedopmanus cBsizaHa ¢ Jedopmaireil TeMmrnepaTypHOTO OIS B U3AETUU IIPU ABUKEHUU JIyTU CO
CKOPOCTBIO CBAapKU. YJeNIbHAs 3J€KTPOIPOBOJIHOCTh METAUIOB U CIUIABOB CUJIBHO 3aBHUCUT OT
TEMIEpaTypbl, CHHUXKAETCA C yBEIMYEHUEM €€, a Mpu TeMmIeparype IJIaBjIeHUs YMEHbLIAeTCs
ckaukoMm [13].

HccnenoBanue pacnpeaesieHus TOKa [0 U3EIUIO NPU JyTOBOM CBApPKE ObLIO BHIMIOJHEHO B
paborax [12,14] momenupoBaHMEM Ha 3JEKTPONPOBOAHOIN Oymare. Bbu moCTpoeHBI JIMHUHU
TOKa JUI clydasi aBTOMAaTHYECKOM CBAapKU MOJ c1oeM (uiroca [yl KOHKPETHOTO PeXHMa CBapKU
U TI0Ka3aHO, YTO IJIOTHOCTH TEIJIOBOTO MOTOKA M IUIOTHOCTh CBAPOYHOTO TOKA Iepesa AYrou
BBIILIE, YEM 3a TYTOM.

B pabote [15] monydeno obiuee perenue qu GpdepeHnaabHOro ypaBHEHM S, BbIpaXkarolee
cBs3b noteHuana U u temneparypsl T B U3JeIUU IPU JYTOBOM CBapKe:

U=C,T*+C,, 1)
rjae C1 u C; — mpou3BOJIbHBIE TTOCTOSIHHBIE.

OT0 BBIpaXEHHE CHPaBEIMBO MpPH AHAJIOTUYHBIX TPAHUYHBIX  YCIOBHUSAX  JIJIS
AJIEKTPUYECKOTO U TEMIIEPATYPHOIO IMOJIEH B CiIy4ae, €CIM HE NPUMEHSETCS] OPUEHTUPOBAHHBIN
TOKOIOABOJI K CBapMBAEMOMY H3/CTHUIO, PACIIONOXKEHHBIN BONMHM3U CBapouHOi BaHHHI [15]. B
3TOH paboTe TMOBEPXHOCTh KOHTAaKTa JAYTM C OSKHJKAM METalioM Obla NpHHSATA
HKBUIIOTEHLMAIILHOW U OJJHOBPEMEHHO M30TEPMUUECKON C TeMIIepaTypoil, paBHOW TeMIeparype
KUIEHUS KUAKOTO MeTajlla, IpU NPEeHEOpeKEHWH BIMSIHHMEM TEIJIOOTBOJAA 4Yepe3 HapYKHbIE
MOBEPXHOCTU CBAPUBAEMOI0 U3/IENIHUSL.

3amaua paboThl sBISETCA B IOJYYEHHUHM YaCTHOTO pelleHus auphepeHIInanbHOro
ypaBHeHUs (1), KOTOpoe BbIpaxaeT CBs3b MOTEHLIMANA U TEMIIEPATYpPHI Ul TOTO, YTOOBI MOKHO
ObUIO IO M3BECTHOMY DPACHpEleNICHUI0 TeMIEepaTypy paccuuTaTh paclpeieieHHue IUIOTHOCTH
TOKa B CBapUBAEMOM HU3JIEIHH.

Haiinem gactHoe pemenne nuddepeHinuansHoro ypapaenus (1) .

OnpenenuM rpaHMYHbIE YCIOBUS HA MOBEPXHOCTH KOHTAKTa JYTH € )KMJAKAM METAJIJIOM, Ha
KOTOpOM TemIiepaTypa JOCTUTAET TEMIIepaTypbl KUIIEHUs MeTaula. 3aAaluM Ha Hel NOTEHIMal

U =U,. Haiinem 3nauenne dU/dT Ha sToif moBepxnHocTH. Tak Kak

ou du ar
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k03 hpunreHT TeronpoBoaHocTH. CenoBaTeIbHO,
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1 HOpManIbHO-KPYTOBOTO pacHpeAesiCeHUs TEIUIOBOTO ITOTOKA YAEIbHBIM TEIJIOBOM

[IOTOK JIyTH
—Kor?
ar)=ae™" 3)
rae (, — HauOONBIMI yAEIbHBIM TEMJIO0BOM MOTOK B LIEHTPE MATHA HAarPeBa, PaBHBIN
KT
Oo=—u > (4)
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Ay =1m,Y 41, (5)
n, —3¢dexruBupii KITJ nyru ;
U, , | —HanpsokeHue Ha Jiyre ¥ CBapOYHBIN TOK.

Jiist onieHKHM Ko3(PUIIMEHTa COCPEIOTOUEHHOCTH BBe/leM (MMKTUBHBINH MCTOUHHMK C TOU K€

MOILHOCTBIO (], , YTO ¥ 3aJaHHBIA HOPMaJbHBINM, HO PAaCIpEIETE€HHbI PABHOMEPHO IO TISATHY
paguyca I, C yOEIbHBIM TEMJIOBBIM MOTOKOM, PaBHBIM HaHOOJBIIEMY YAEIBHOMY TEILIOBOMY
IOTOKy (, HOpManbHOro uctoyHuka [10]. O pdexkruBHasT MOHOCTE (], BBIPAXKAETCS 0OBEMOM,
OTPaHUYEHHBIM IMOBEPXHOCTBIO YAEIBHOTO TENJIOBOTO MOTOKA q(r) . [loctpoum paBHOBETMKHUI
LWJIMHJP ¢ 00BEMOM (,, ¥ C OPAUHATOH (, .
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OnpenenuM pacrpeeseHne IJIOTHOCTH TOKAa B CBAPUBAEMOM HU3JICTIUH
j =-ogradu .
HO[[CTaBI/IB SHAYCHUC IpaJuCHTA SJICKTPUYCCKOT0O IMOTCHINAJIa B 9TO BbIPAKCHHC, HaﬁﬂeM
= :0U -oU -0dU
j=—0oli—+ j—+k—|.
OX oy 0z
Ecnu cpena ogHopoaHa u pacnpeiesieHue MOTeHIIHana 3aBUCUT TOJIBKO OT TeMIIEpaTyphl,
TO
QU _duer au _duaT au_duar
ox dT ox' oy dT oy oz dT o6z
Torna
- :dUJT -dUoT ~dUaT du(:0T =0T =0T du
j=—0ji——+]——+k—— —|i—+ j—+k— |=—c—gradT.
dT ox ~dT oy dT oz dT{ ox "oy 0z dT
N3 ypaBHeHus (1) Haiigem Mpou3BOAHYIO MMOTEHIMAJIA IO TeMIIEpaType
v _ 2CT
dT

¥, TIOJICTABMB €€ B MPEBIAYIICe YPABHEHHE, TOTYIHM
j=-2C,oTgradT .

C yuerom 3HayeHus C, 3anuieM (GOpPMYNy, ONPENEIAIOLIYI0 paclupeieleHHe TOKa B

U3OCINN:
= LoK,TgradT
I= UHUHKT .
Tak kak gradT =—q/ A, monydum
=~ LoK,Tq
1= An, KU,

o 1
3Has, 4To n = ——, MOIYYUM BEIPAKEHHE, CBI3bIBAIOILIEE TIOTHOCTh TOKA C IIOTHOCTBIO

LT
TCIIJIOBOI'O HOTOKB., B BUJIC

K,q
n.KU

3T10 YPpaBHCHHUE IIOKAa3bIBACT, YTO BEKTOPBI IINIOTHOCTHM TOKa M TCIIJIOBOIO ITIOTOKA

j=

COBIIAAAIOT IO HAIIPaBJICHUIO B Ka)K)IOﬁ TOYKE, JTJMHHUM TOKa COBIIaJalOT C JIMHHUAMH TCIIJIIOBOI'O
IMOTOKa, CJICA0BATCIIBHO, TCIIJIOBBIC W JOJICKTPUYCCKUC I10JIA HOI[O6I—[BI npu  yKa3aHHBIX
TPaHUYHBIX YCIIOBUAX.
ITo MOJYYCHHOMY BBIPAXKCHUIO MOXHO PACCUUTHIBATH IINIOTHOCTH CBAPOYHOIO TOKA B
HU3JCIIMU 11O U3BECTHOMY TEMIICPATYPHOMY IIOJIIO IPU YKA3aHHBIX TPAHUYHBIX YCJIOBUAX.
Haquoﬁ HOBU3HOU SABJIACTCA YCTaHOBJICHHUC B3alMMOCBA31 I10JIs1 IIJIOTHOCTH
SJICKTPHUYCCKOTO TOKA € ITOJIEM YACIIBHOT'O TCIIJIOBOT'O ITOTOKA.
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Welding Current Distribution in the Work-piece
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In order to select the optimal configuration of controlling magnetic fields and build rational
construction of magnetic systems, we need to know the distribution of welding current in the
molten metal of the weld pool. So the objective of the work is to establish the calculated methods
for determining current density in the weld pool during arc welding. The distribution of welding
current in the pool depends on the field of the electrical resistance, which is determined by the
deformed temperature field while arc moves with the welding speed. The previous works have
shown experimentally and by simulation on the conductive paper that deformation of tempera-
ture field defines deformation of electric field. On the basis thereof, under certain boundary con-
ditions the problem has been solved to give a general solution of differential equation, which re-
lates the potential distribution to the temperature in the product during arc welding. This solution
is obtained under the following boundary conditions: 1) metal is homogeneous; 2) input and out-
put surfaces of heat flux and electric current coincide; 3) input and output surfaces of heat flux
and electric current are insulated and equipotential; 4) other (lateral) surfaces are adiabatic
boundaries. Therefore, this paper pays basic attention to obtaining the analytical solution of a
general differential equation, which relates distribution of potential to the temperature in the
product. It considers the temperature field of the heat source, which moves at a welding speed
with normal-circular distribution of the heat flow at a certain concentration factor. The distribu-
tion of current density is calculated on the assumption that the welding current is introduced
through the same surface as the heat flux and the distribution of current density corresponds to
the normally circular at a certain concentration factor. As a result, we get an expression that al-
lows us to calculate the current density from the known distribution of heat flux density in the
product. Using the results we can define the desired configuration of magnetic fields to create the
necessary electromagnetic forces in the weld pool.
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