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CTBOpEHO  KOMIT'IOTEPHY  MO-
JIeNb  TeMIIEpaTypHUX TOJiB, KOTpi
BUHHUKAIOTH Yy  BOAOOXJIOAXKYBaHHX
OiMeTaneBUX TIOJOBUX EIIEKTPONIAx
npy poOOTi IyTOBUX CTANICTUIABUIILHIX
neyeil mocrtidHOro cTpymy. Mogenb
PO3KpHUBA€ Pi3HI KOHCTPYKLil MOx0-
BUX €JICKTPOIB, CIIOCOOM 3'€THAHHS 1X
MIZIHOI Ta CTaJIeBOi YaCTHUH 1 1O3BOJISIE
BUOpaTH ONTHMAJbHY KOHCTPYKIIIO
TIOJIOBOTO €JIEKTPOJY /ISl KOHKPETHUX
YMOB BUILJIABJICHHSI METaIYy.

Co3aHa KOMITBIOTEpHAsT MOJIEIb
TEMIEPaTYPHBIX MOJIEH BOSHUKAFOIIINX
B BOJOOXJAXKIAEMBIX OMMeETaILINYE-
CKHX TIOJIOBBIX 2JIEKTpoAax mpu pabdo-
TC Z[yI‘OBI)IX CTaJICIIJIIaBUJIBbHBIX HG‘-ICﬁ
MOCTOSIHHOTO TOKa. Mojenb paccMma-
TPUBACT Pa3IMYHbIC KOHCTPYKIIUHU I10-
JTIOBBIX DJIEKTPOJIOB, CIIOCOOBI COEIH-
HEHHUS WX MEIHOM M CTAJILHOM YacTH
1 I103BOJISICT BI)I6paTL OHTI/IMaHLHYIO
KOHCTPYKIIMIO TOJOBOTO 3JIEKTPOAa
JUTSE. KOHKPETHBIX YCJIOBHI BBITUIABKH

The computer model of temperature
fields that emerge in water-cooled
bimetallic = hearth-level  electrodes
during the operation of arc steel-making
furnaces of direct current was created.
The model considers different structures
of bimetallic hearth-level electrodes,
the methods to connect their cooper
and steel parts, and allows to choose
optimum structure of hearth-level
electrode for the specific conditions of
metal smelting.

METajia.

bu6n. 14, puc. 5.

KiroueBbie cjioBa: AYTOBBIC CTAJICIUIABUJIBHBIC IICYH, MOCTOSIHHBIM TOK, OMMETaININYECCKUE IIOJJOBBIC
QJICKTPOJAbI, MATCMATHUICCKOC MOJACIUPOBAHUC, TEMIICPATYPHBIC I10JIS1, OITUMAJIbHASA KOHCTPYKI M.

F1 =FI1 (x, y, z, ) — TNIOTHOCTb TEIJIOBBIX UCTOUHU-
KOB OT Topstaero Topia (Jx/mm?);

p — ITIOTHOCTH METAJJIa B PA3IMYHBIX YACTSIX KI/MM?;
A — k03 unment reronpooanocTy; B/(Mm°C);
X, ), Z — KOOPJAHHATHI MM;

O — YCIbHBIE DIICKTPONPOBOAHOCTH CTAJIA U MEIH, &
TaKKe MX 30HbI coenquaenns, Om'Mmm!;

q — 00bEMHAS IIJIOTHOCTH HCTOYHHMKOB TCILIOTHI

(Jlx/mm?);

F2 =F2 (x, y, z, ) — TUIOTHOCTb JKOYJAEBBIX UCTOU-
HUKOB; ([x/MM?);

MupoBoe NpOU3BOJICTBO CTAIM y’KE MPEBBICHIIO
1,6 munnuapaa ToHH. [Topsiaka onHOM TpeTu 3TOro
KOJIMYECTBA BBITUIABIIAIOT B IIeUax, paboTaroINX Kak
Ha niepemeHHoM J[CII, Tak U Ha OCTOSSHHOM TOKE
JCIIIIT. Ceituac B Mupe umeercs okosio 1000 JICII
n 200 JCIIIIT [1].

B nacrosmee Bpemst JICII [IT naxonsat Bce 6o-
jiee IIMPOKOE MPUMEHEHHE B IMPOMBIIUIEHHOCTH.
Tak oxono 70 % BHOBb BHEIPSAEMBIX B IPOU3BOICTBO
arperatoB COCTABJISIIOT M€YM MOCTOSIHHOTO TOKa [2].
Ot0 cBazaHHO ¢ TeM, yTo JICII IIT mo cpaBHeHuto ¢

A .0 .
¢, — ynenbHas TemoéMkocts Jx/(kr°C);
t — Bpewms, CeK;

T=T(x, ) z t) — Temneparypa, °C;
() — TIOTEHIUAI ANEKTPUIECKOTO oA, B.

Coxpamenus:
JCII — nyroBbIx cTajeriaBuibHasl M€Yb;

JCII IIT — nyroBeIx cTajeniaBuibHas Me4b MOCTO-
SIHHOTO TOKA.

JCII umeror Oonee HU3KHE PACXOIBI SIEKTPOIHEP-
T'MH, OTHEYNOPOB U TpaUTUPOBAHBIX SJIEKTPOIOB.
Kpowme toro, padora JICII IIT xapakrepusyercs no-
HUKEHHBIM YPOBHEM IlIyMa U MEHBIIUMHU BBIOpOCA-
MU MBUIM U Ta30B, 4TO YIy4yllaeT ycaoBus Tpyaa [3].

O6pbryno JICII TIT (puc. 1) BkiIrOYaeT: CTalb-
Hoit kopmyc (1), cBox (2), pyrepoky (3). B nentpe
CBOJIa pacrojaraercs rpaQuTHPOBAHHBINA IEKTPO/I-
katox (4). B mauie xopmyca pacronoxkeH aHox (5)
(omuH mnu Heckonbko). Karon u aHOA coenMHEHBI ¢
MCTOYHHMKOM MTUTAHUs MOCTOSHHOTO ToKa (6). Terio-

30 ISSN 0204-3602. Npom. TennotexHuka, 2015, m. 37, Ne3



TEMJ10- U MACCOOBMEHHbLIE AINTIAPATbI

ta B miaBwibHOM npoctpanctse JCII IIT Boigens-
€TCSl IPU TOPEHHUH DJICKTpUUECKOi yru (7) Mexmy
TOPIIOM KaTofla U PacIUIaBIsIeMbIM METALIOM (8).
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Puc. 1. Cxema JICII IIT.
Haumenoeanus nozuyuii 1-8 npueeoenni
6 mekcme.

[TonoBBIN 2IIEKTPOA-aHOA, CIYKUT I MTOABOAA
ANEKTPUUECKOTO TOKA Yepe3 MOJUHY (OTHEYIOPHYIO
(yTepoBKY) K pacIuiaBIsieMOMY METAJLTY U paboTaeT
B OUCHB KECTKHUX YCIOBUAX OOJIBIINX TOKOBBIX U TeE-
TJIOBBIX HArpy3ok. K aTum Harpy3kam nHorma 100aB-
JISIETCSI arpeCCUBHOE BO3/IEUCTBUE METAJIIMYECKOTO
pacruiaBa, HarpuMep, P BHITIABKE (PEpOCIIaBOB.

[TomoBBIN ANIEKTPOA JMODKEH 00J1a7aTh BBICO-
KOM DKCIUTyaTallMOHHOW HAJEXHOCTBIO; XOPOUIEH
AJIEKTPO- M TEIUIOTPOBOIHOCTHIO, YTOOBI OOecte-
YUTh TpeOyeMble TEXHOJIOTHYECKUE TapamMeTphl
BBIIUIABKM MeETallJla, MHMHHMAaJIbHOE KOJHUYECTBO
PEMOHTOB TI€UH, €€ BBICOKYIO MPOU3BOAUTEILHOCTD
Y Majible 3JIEKTPUUYECKUE TTOTEPH.

B nacrosmee Bpems B JICII I1T nanbosnee yacto
MPUMEHSIIOTCA TIOJIOBBIE 3JIEKTPOJIbI CTEPIKHEBOTO
tina. OHM HM3rOTaBIMBAIOTCS BOJOOXJIAXKIAEMBIMU
oumerarmueckumu (ctaib-menp) [4]. CranbHOM
TOpPEI] 3TUX BIEKTPOAOB KOHTAKTHUPYET C METaJIu-
YECKHUM paCIUIaBOM B IUIABMJILHOM IPOCTPAHCTRBE.
MenHast 4acTh DJIEKTPOMIOB, OXJAXJAaeMas BOIOM,
HAXOOHUTCS HIDKE TOJIUHEL.

B JICII IIT wucnone3yroT pas3inyHble KOH-
CTPYKIIUH OMMETAINTHYECKUX TOJOBBIX 3JIEKTPOJIOB

cTep:kHEBOro tumna. OHU OTIIMYAKOTCS pa3MEpaMH,
dbopMoil Hapy>KHOM TOBEPXHOCTU, TOKOMOABOIOM,
CHCTEMOM BOJASHOTO OXJIAXKICHHMS, a TAKXKE CIOCO-
O0M coeMHEHHUsI MEAHBIX U CTaIbHBIX YacTeil. [Ipu
pabore JICII IIT TemioBoe COCTOSIHHE IOOBOTO
AIIEKTPOAA MOXKET ONPEAEIATHCA KOHCTPYKIIUEN €ro
CTAJIBHOM 4acTH. BO3MOXHBI JBa NMPUHIUITHAIBHO
pa3IMYHBIX BapuaHTa €€ HUCIOIHEHUsA. B mepBoM -
CTaJIbHAsl 4aCTh BBINOJIHAETCS CIUIOIIHOIO CEYEHUs,
a BO BTOPOM, OHa UMeeT (pOpMy CTakaHa C TOJICTHIM
JTHOM, OJIETOTO Ha MEJAHBIN cTepkens (puc. 2). Ilpu
XOPOILIEM JJIEKTPUYECKOM M TEIUIOBOM KOHTAaKTaXx
MEIU CO CTAJIBI0 MEAHBIA CTEPKEHb BHYTPU CTAJIb-
HOTO MOXET CYIIECTBEHHBIM 0O0pa30M YBEIHYUTH
TEIJIOOTBOZ OT TOpIIA AJIEKTPO/a, OOpAIICHHOTO B
IIJIaBUJIBHOE NTPOCTPAHCTBO, U TEM CAMBIM CHU3UTH
ero pabouyro TeMIeparypy.

B anexrponax nepBoro HCIOJIHEHUS COCIUHEHNE
MEIHOW M CTaJIbHOW 4YaCTEH OCYLIECTBISETCS, KaK
IIPaBUJIO, PA3JIMYHBIMHU BUJAMU CBAPKU WJIU MaNKH.
B snekTpomax BTOPOro MCHOJHEHMSI MEIHBIN CTEp-
JKEHb MOXET OBITh COEJIMHEH CO CTaJIbI0 HE TOJBKO
CBAapKOM WJIM NAaMKOM, HO U Pa3IMYHBIMU MEXaHUYE-
CKHMHU CIIOCO0aMH, HalpuMep Pe3b00BBIM WIIN IITH-
IIEBBIM COEIUHCHHEM [5, 6, 7].

TemmneparypHoe mose MOmOBOIO AMIEKTPOIa, BO3-
Hukatomee B mpouecce padotst JCII IIT, sBnsercs
OIIHUM U3 HauOoJee BaKHBIX KPUTEPHUEB, OIPEAECTISIO-
IIUX €r0 CTOMKOCTh, & 3HAYUT U PabOTOCIIOCOOHOCTH
Bcel neun. OHO 3aBUCUT OT KOHCTPYKLMH IOJOBOIO
ANIEKTPOJA, THTEHCUBHOCTH €r0 OXJIAXKJICHUS U PEKU-
MoB 1u1aBKu. C 1ebI0 ONpeaeneHnss Haubosuee ONTH-
MaJIbHOM KOHCTPYKIMH OMMETaJUIMYECKOrO MOJ0BOTO
AIEKTPOAA MbI IIPOBEIM KOMIIBIOTEPHOE MOJAEIUPOBa-
HUE UX TeMIeparypHbIX nojied. CTOMKOCTh MOJOBBIX
AIEKTPOIOB Pa3IMYHONM KOHCTPYKLMM OLCHUBAJIAChH
HaMU M0 TEMIIEpaType MX CTaJIbHBIX TOPILIOB, 0Opa-
LIEHHBIX B IUIABUIBHOE IPOCTPAHCTBO.

Pacripenenenue TEIIOTHI B AJIEKTPOJE ONMUCHIBACT-
Cs1 U3BECTHBIM YPAaBHEHUEM TEIIONPOBOJHOCTH C yUe-
TOM JIPKOYJIEBBIX HCTOYHHUKOB TEIUIOTHI:
i(pcv?’)zé[ig]+£[&£]+£[&§]+F1+Fz. (1)
=l Sy, Ix) S\ v ) S\ Iz

[ImoTHOCTH 1PKOYJIEBBIX UCTOYHUKOB OIpPEEIIs-
FOTCS IYTEM PELICHUS AIEKTPUIECKOM 3aauul.

Jlnst pacuéra MJIOTHOCTEW TOKOB B OMMETAJLIH-
YECKOM CTEPKHE HAMU UCIIOIB3YETCSI MOJEIb DIICK-
TPUUYECKUX MPOLIECCOB, CHOpMyIHpPOBaHHAS B BUJE
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T10JIs TIOTEHIIMAOB [8]:
div(S grad j) = 0. (2)

[To pesynbraram pacy€ToB IJIOTHOCTEW TOKOB
ompenensieM 00beMHYIO TJIOTHOCTH JIKOYJIEBBIX HC-
TOYHUKOB TEIUJIOTHI, BBIIECNSIEMON B AIEKTPOIE:
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q = olgrad ¢f, 3)
Bennuunet p, C, A u 6 — B ypasuenusx (1), (2), (3)
3aBHUCST OT TEMIIEPATypHhI.

[Tpu MogenupoBaHUH ANEKTPHUUECKUX U TEMIIE-
paTypHBIX MOJIEH OJOBBIX IEKTPOIOB, 331aBATHCh
CJIEIyIOIINE TPAHUYHBIC yCIOBUSI:
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Puc. 2. Icku3vl n0008bIX INEKMP0O008, UCNOBb30BAHHBIX NPU MOOETUPOBAHUN MEMNEPAMYPHBIX NOell,
eo3nukarouux ¢ npoyecce pavomur /{CII ITT.
A — ucnonnenue 1, b — ucnonnenue 2.
1 — cmanvnaa wacms cnAOUWHO20 ceueHus; 2 — CManbHasA 4acmy 6 hopme cmakana; 3 — MeoOHas 4acmo;
4 — meonas uacme co cmeprcuem; 5 — cucmema 60000X1ax3coeHus; 6 — mokonooeoo,
I'l u I'2 — cpanuywbt pazoena medv-cmaie.

* OOKOBBIC MOBEPXHOCTH MOIOBBIX IEKTPOIOB
CUMTAJUCh 3JICKTPUYCCKH M TEIJIOU30JIMPOBAHHBI-
MU;

* Ha CTAJBHOM TOpIE DJEKTpona, oOpaiieH-
HOM B TUIaBHJIBHOE TIPOCTPAHCTBO TICYH, 33]IaBAIUCH

k03 (HUIIMEHT Teruionepeayd U TeMmIreparypa pac-
IJIaBJIEHHOTO METAJLIa;

* Ha OXJaXJaeMOW IOBEPXHOCTH MEIHOM Ya-
CTH 2JIEKTPO/Ia 33JaBaATUCh KOAPPUIIUEHT TEIIone-
penauu, 3aBUCSIIIUN OT TEMIIEPATYPBhl METHOW CTEH-
KM, U TEeMIIepaTypa BOJbI;

* Ha TpaHUIE pa3lesia MEeXJy MaTepuanaMu
anektponoB I'l (mepBoe ucnonHenue) u ['2 (Bropoe

UCTIONIHEHUE) UMEIOTCS JOMOJTHUTEIbHBIE AIIEKTPH-
YEeCKO€ M TEIUIOBOE COMPOTHBIICHUS, BEIMYMHA KO-
TOPBIX OIPENETSETCS CIIOCOOOM COCAMHEHUS MEAH
CO CTaJIbIO;

® MCKOY XOJOOAHBIMHU W TOpAYHUMHU TOpULHAMHU
QJICKTPOJAOB 3a1aBaJIOCh 3HAYCHUC pa6oqero IIoCTO-
SHHOI'O TOKA.

MogenupoBaHue 3NEKTPUYECKUX U TeMIlepa-
TYpPHBIX TOJIEW TOJOBBIX 3JIEKTPOJOB IMPOBEACHO
npuMeHuTensHO K padore 12-rornoi ACII 1T, npu
IJIaBKE OTCEBOB (DeppOCIIaBOB. JTa MeYb UMEET J1Ba
MOJIOBBIX 3JIEKTpo/a. BrlmiaBka mpoBoAMIACE MPH
CJEAYIOIINX TEXHOJOTHUECKUX PeXUMaXx: HalpsiKe-
HUe ucrtouyHuka nutanus 150 B; momHbli pabounii
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TOK 17 KA (TOK Ha Ka)KJIOM TTOJIOBOM IEKTpoze 8,5
KA); cpennsis Temreparypa paciuiasa 1300 °C; tem-
neparypa oxyaxjarormiei Boasr 40 °C.

AJIEKBaTHOCTb MOJENM pEaJbHOMY IpOLECCY
BBIIIJIABKM OLIEHMBAJIACh M0 MOKA3aHUSAM TenMonap,
CTallMOHAPHO YCTAHOBJIEHBIX B MEIHOM YacTH.

MogenupoBanack padoTa JEKTPOIOB JBYX KOH-
CTPYKTUBHBIX MCIIOJIHEHUH, pa3Mepbl KOTOPBIX MpHU-
BEJICHBI HA pUC. 2. B HU)KHEW 4acTH 1€KTpoJa COOT-
BETCTBYIOIIME TOJISI CTPOMJIUCH TOJBKO HA y4acTKe
MEJIHOM 4YacTH, PACHOJIOKEHHOM MEXIY TIpaHULIEH
paszena craiab-Melb U BOAOOXJIAXAAEMOM IOBEpX-
HOCTBIO. Ormpenensioch TaKkKe BIUSHUE crocola
COEIMHEHUS] MEJIHBIX U CTAJIbHBIX YaCTEH Ha TEeMIIe-
parypHbl€ MO MOAOBBIX AIEKTPOIOB.

N3BecTHO, 4TO KOA(PGUIMEHT Teronepeaayn
MEXKY HArpeTOM KUJIKOCTBIO M OTPAaHMYMBAIOLICH
€€ TBEPAOW MOBEPXHOCTHIO 3aBUCUT OT CKOPOCTH MX
OTHOCHUTEJIBHOTO nepeMenieHus. [I[pumeHuTensHo K
BOJISTHOMY OXJIQXICHUIO 3TOT KO3(PPHUIIMEHT ormpe-
JeNAeTCs M0 OOIIETPUHATHIM COOTHOLIEHUSIM [9].
[Ipu Temmeparype TEMIOOTAAIOMIEH MOBEPXHOCTU
10 100 °C on Hamu npuHsT paBHbiM 1200 B1/M?, a
npu temrneparype nosepxuoctu 100 °C (moce Haua-
J1a IOBEPXHOCTHOTO KUTIEHUs1) MPUHSAT paBHbIM 6000
Br/m?. KoapduuumeHt Termnonepenadn oT pacruiaB-
JIEHHOTO MeTajljla K CTaJbHOMY TOpIlY I0OJ0BOTO
aMeKTpoa ObUT IPUHST paBHbIM 814 BT/M?. 3Haue-
HUE 3TOTO KOY(PPUIIMEHTA SKCIIEPUMEHTAIIBHO OIpe-
JICJICHHO TIPH HCCIIE0OBAaHUN TEIIOOOMEHa MEXKITY
METANINYECKOW BAaHHOM M BOJOOXJIAXKIaEMbIM KpHU-
CTaJUIM3aTOPOM B MPOLECCE IEKTPOIILIAKOBOIO I1e-
periasa [10].

Paccmotpensr aBa croco0a COCAMHEHHUS MEIH
CO CTaJIbIO B [TOJIOBOM 3JIEKTPOJE: MEPBBIH, IPU KO-
TOPOM CO3/A€TCSl METAJUIMYECKasl CBSI3b MEKy Me-
JIbI0 U CTaJbIO (Pa3IUYHbBIE CIIOCOOBI CBAPKH TLIAB-
JICHUEM M MaiK1) U BTOPOH,— ITyTeM MEXaHU4eCKOTOo
COEJIMHEHUSI.

bumeramnnueckuii MOIOBBIM BIEKTPOA, IMOTY-
YEHHBI CBAPKOM ILIABJIICHUEM WIHM NTAUKOU, CIIETYyEeT
paccMaTpuBaTh COCTOSIIUM M3 TPEX 30H: CTAJIBHYIO
U MEIHYI0 C COOTBETCTBYIOIIUMH KO3 (uImeHra-
MU YIEJNBHOIO 3JIEKTPUYECKOr0 M TEIJIOBOIO CO-
MPOTUBJIICHMS], U NIEPEXOJHYIO, B KOTOPON BEIUYM-
Hbl 3TUX Ko3(duuuentoB mamenstorcs. Ilortomy
JUIsL TIPAKTUYECKUX PACUETOB B IEPEXOJHOU 30HE
MOXKHO NPHUHSTHh UX CpeAHee 3HaueHue. Takum 00-

pa3oM, INIEKTPUYECKOE U TEIIOBOE COMPOTUBIICHHE
BCEU MEpPEeXOAHON 30HbI 3aBUCUT TOJBKO OT €€ IIH-
punbl. Kak nokazano B [11], npu pa3nuuHbIX cIio-
co0ax CBapKH IIMPHUHA ATOIl 30HBI HE IMPEBBHIIIAET
16 mm. IIOCKOJIIBKY HpPOTSKEHHOCTH IEPEXOIHOU
30HBI 110 CPABHEHUIO C pa3MEpaMH MEIHOM U CTallb-
HOM 4acCTeW IMOAOBOTO JJIEKTPOAA COBEPIICHHO HE-
3HAYUTEIbHA, TO IPHU MOJAEIUPOBAHUU JOIOJIHU-
TEJIbHBIMU CONPOTHUBIICHUSMU B ITOW 30HE MOXHO
npeHeOpeyb.

B 10 e BpeMs, ipu MEXaHUYECKOM CITOCO0E CO-
€IMHEHNUS CTAJIbHOTO KOPITyCa C METHOM 4acThIO (HC-
noJiHeHue 2) Ha rpaHuile ['2 UMeroT MECTO KOHTAKT-
HOE AJIEKTPUYECKOE U TEPMHUECKOE CONTPOTUBIICHHUS.
Kak ycranoBneno B [12], Ha rpaHulie pas3zaenia Meau
C YIJIEPOJIUCTON CTAJIbIO MPU PA3INMYHBIX TEIUIOBBIX
MOTOKaX CKauOK TEMIIEpaTypbl MOXKET HAXOIUThCS
B mpeaenax or 60 o 150 °C. Takomy CKauky TeM-
nepaTyp COOTBETCTBYET KOHTAKTHBIN KOA(PPUIMEHT
tertonepenaun 50 Bt/(m*°C) [13].

VYnenbHas a1eKTpuYecKast IPOBOAUMOCTD B 3TOM
KOHTaKTe ObLIa HAMH MPHHSATA paBHOU 5*10° Cm/M?
[14].

AHanu3 TeMIeparypHbIX IOJIEH TOJOBOTO dJIeK-
TpoJa MEPBOTO MCIIOJHEHUS, IPUBEICHHBIX HA PHC.
3, a, MOKa3bIBACT, UTO TEMIIepaTypa TopIia CTaIbHOTO
AIIEKTPOJIA C YIETOM JKOYIIEBBIX UICTOYHUKOB TEILIO-
ThI (JTeBast ctopoHa) gocturaet 1090 °C, a 6e3 yuéra
(mpaBasi cropona) 1083 °C. Takum o0Opa3om OTHO-
CUTEJIbHAS pa3HHIA TEeMIIepaTyp B 3TOM cliyyae He
npesbimaeT 1 %. Ciaboe BIMSAHUE THKOYJIEBBIX HC-
TOYHUKOB TEIIOTHI HAa TEMIIEPATypy TOPLA [10I0BOTO
ANIEKTpoJa OOBICHIETCS HU3KOM IUIOTHOCTBIO TOKA,
MPOXOJIAIIETO0 Yepe3 AEKTPOJI; XOPOLIEH 3IEKTPO-
MIPOBOTHOCTHIO MaTepuasa dIEKTPOoAa U UAcaTbHBIM
KOHTAaKTOM MEXIY MEbIO U cTanbto. [loaTomMy Benu-
YHHA TOKa, IPOXOJSIIETO Yepe3 MOJOBBINA ANEKTPOI,
MaJjo BIMSIET HA €r0 TeMIepaTypHOE MoJie, KOTOpoe
B OCHOBHOM OIIPEIETSETCS TETUIOBBIM ITOTOKOM OT
IUIABWJIBHOTO IIPOCTPAHCTBA.

JJ1st MOATBEPAKACHUS 3TOTO BBIBOAA MbI TOCTPO-
WM MOJIEh TEMIIEPaTypHOTO IOJIS MOI0OBOTO 3JIEK-
TpoJa TPH MPOXOKICHUU Yepe3 HEro MOCTOSHHOTO
ToKa BelnunHOM 40 KA, T.e. MPUMEPHO B MATh pa3
BbIIlIE, YEM B MOJEJH, NMPUBEACHHON Ha puc. 3, a,
COXPAaHHUB HEM3MEHHBIMU OCTaJbHBIE TEXHOJIOTHYE-
CKHE TIapaMeTPhI U TeOMETpUIecKue pasmepsl. [Ipu
ATOM pa3HMIA TEMIEPATYP CTAJIBHOIO TOpLA C y4e-
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TOM U 0€3 ydeTa BBIJICICHHS JKOYIEBbIX MCTOYHH-
kOB TerutoThl He npeBbicuiia 40 °C. CienoBareibHO,
MIPY MOJACIMPOBAHUN TEMIIEPATYyPHBIX TMOJIEH MOI0-

1083 1083

980
1 980

750
750

400

250

(A)

BBIX JIEKTPO/JOB, BOSHUKAIOIIUX TPH BBIIJIABKE Pa3-
JMYHBIX MapoOK CTaJIel, MOXXHO HE YUUTHIBATh U3Me-
HEHHE BEJIMYUHBI pab0vero Toka.
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- — 400
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(b)

Puc. 3. Temnepamypnuwte nons (*C) noooswix snekmpooos:
A — ucnonnenue 1 npu uoeanbnom Konmakme (ceapka njiagieHuemM meou co Cmavio).
b — ucnonnenue 2 npu paznuunvix munax KOHmMaxKmos.
Pesrcumot nnaexu ¢ /[CII IIT u cpanuunsvie yciosus yKazanvl 6 mexcme.
TI'eomempuueckue pazmepol 31eKmpoo0oe npueedenvl Ha puc 2.

CpaBHeHHE TEeMIEpaTypHBIX TIOJCH TTOIOBBIX
AJIEKTPOJIOB, B HCIIOJHEHUHU 2, MPU HACAIBHOM U
IJI0XOM KOHTakTax (puc. 3, 6) MoKa3bIBaeT, UTO Ka-
YEeCTBO KOHTAKTa, a 3HAYUT U CIIOCOO COENMHEHUS
Pa3HOPOMHBIX METAJIIOB, 3HAYUTEIILHO BIHSCT HA
TEMIEpaTypy CTaJbHOIO TOpLa 3JIEKTpoaa, oOpa-
HICHHOTO B IUIaBWJIBHOE MPOCTpPaHCTBO. Tak mpu
IJI0OXOM KOHTakTe (puc 3, 6, mpaBas CTOpOHA) 3Ta
temrneparypa Ha 1800 °C Bblie, 4eM npu uaeaTbHOM
(puc 3, 6, neBasi CTOpoOHa).

CpaBHEeHME TEMIIEpaTypHBIX IOJIEW IOAOBBIX
AEKTPOIOB PA3TUIHBIX UCTIOIHEHUH (puc. 3, a u 0,
JIEBbIE CTOPOHBI) MMOKA3BIBAET, YTO HATMYNE METHOTO
CTEp)KHSI BHYTPU CTaJbHOM YacTU NPU UICATBHOM

KOHTAKTE CHMXKAeT TeMIlepaTypy CTajJbHOro TOpLa
Ha 45 °C. B Toxe BpeMsi IpH TI0XOM KOHTAKTEe MEJI-
HOTO CTEp)KHS CO CTajbl0 TEMIEpPaTypa CTAJIbHOTO
topia npumepro Ha 120 °C BbIre, 4eM y 3J1eKTpo-
na B ucnoiHenuu 1. Takum o6pazom, MeXaHMYECKOE
COEJIMHEHUE MEIHU CO CTAJIbIO B MOJOBOM 3JIEKTPO-
ne (McrojHeHue 2) He TOJIbKO HUBEIUPYET Halu4Ke
MEJIHOTO CTEP’KHS, HO ¥ PE3KO MOBBIIIAET TEMIIEpa-
Typy TOpIa 1mogoBoro snexrpoxa T .

AHanu3 TeMIepaTypHbIX KPHUBBIX TOAOBBIX
AIIEKTPOJIOB B UCIIOJTHEHUH 2, TPUBEIEHHBIX HA PHC.
4, MOKa3bIBAET, YTO NMPHU HUJCATBHOM KOHTAKTE MEIU
CO CTaJIbI0 CYIIECTBEHHOE CHM)KEHUE TEMIIEPaTyphbl
TOpLA IOJ0BOrO 3JEKTPOoAa, OOpalEHHOro B ILjia-
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BUJILHOE IPOCTPAHCTBO, HAOIIOAAETCS, €CIU JUIH-
Ha ¥ AUaMEeTP MEIHOIO CTepkHs mpeBblmaoT 60 %
JUIMHBI U TUaMEeTpa CTaJIbHON YaCTH 3JIEKTPOJIa.

JnmHa MEIHOTO CTEP KHS B AJIEKTPOJIE UCTIOTHE-
Hus 2 230mM, quametp 80Mm.

JIns1 BBITIIABKY KOHKPETHBIX MapoOK CTaJIel WK
¢deppocmiaBoB B miaBmibHOM npocTtpanctse JCII
IIT HeoOX0MUMO MMETh COOTBETCTBYIOIIYIO TEMIIC-
parypy. [Ipu 3TOM, YyeM BbIlIE TEMIIEpATYpA IJIaBIIE-

1150

HUSI MeTaula TeM OOIbIIe MOJKHA OBITh BETUYHMHA
TOKa, IPOXOALIErO Yepe3 MOA0BbIN dIIeKTpod. Panee
OBLIO YCTAHOBIIEHO, YTO BETMYMHA pabOYEeTo TOKA B
npoliecce IUIaBKH C1ado BIUSET HA TeMIIEpaTypHOe
0JI€ TIOI0BOTO AJIEKTPO/AA. DTOT BHIBOJ MO3BOJISET
MOJICITUPOBATh TEMIIEPATYPHBIE TIOJISI IOAOBBIX AJICK-
TPOJIOB IPH TIEPEIUIaBe Pa3IMYHBIX MApOK CTaJCH,
UCTIONB3YS IPH MOJCIMPOBAHUH OJHY U Ty K€ BEJIH-
YUHY paboyero Toka.
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Puc. 4. 3asucumocmu memnepamypot cmabho2o mopua nodoeozo nexmpooa (T,)
6 ucnoineHuu 2 om 0JuHbL MeOH020 cmepicua (L) npu pazuvix e2o ouamempax (D).
1-D=40mm, 2 —D =80 mm, 3 — D =120 mm. Pericumbl ni1agok yKazaHvl ¢ mexkcme.

AHann3 KpHUBBIX, IIOKa3aHHBIX Ha pHUC. 5, MO-
CTPOEHHBIX IPH BEIMYUHE TOKA B TTOJIOBOM 3JIEKTPO-
ne 8,5 KA, CBUAETENbCTBYET, UTO IIPU TEMIIEpaType
pacmiaBa B 1iaBuibHOM mnpoctpancte [CIT TIT
ceeimie 1600 °C, crampHOM TOpEI] JJIEKTPOIa MOKET
pacriaBuThbes. BeposATHOCTh pacruiaBieHUs! CTajlb-
HOTO TOPILIA 3JIEKTPO/IA TEM BBILIE, YEM XYXKE KOHTAKT
MEXy €ro METHO! U CTaJIbHOU YaCTAMH.

OueHuBas TPUBEACHHBIE BBIIIE PE3YJbTAThI,
MOKHO CJeNaTh CIEAYIOIINE BbIBOJbI:

- pazpaboTaHHasi MOZIEITb TTO3BOJISIET PACCMaTPH-
BaTb TEMIIEpPATypHbIC IIOJISI IIOAOBBIX 3JIEKTPOIOB
pPa3IUYHBIX KOHCTPYKLHUH, CHOCOOOB COEAMHEHMS
MEHOW W CTAJIbHOW YacTed W BHIOPATH ONTHMAJIb-
HYI0 KOHCTPYKIIUIO [TOI0BOTO AJIEKTPOAA;

- YCTAaHOBJIEHO, 4YTO BEJIWYMHA IIOCTOSHHOIO

TOKa, MPOXOJSIIEr0 dYepe3 IOJIOBBIM 3JIEKTPOJ, B
npeieniax HeoOXOUMBIX TSI BBITIAaBKH Pa3IMYHBIX
cTasiel u (heppoCIIaBOB, CJIa00 BIUSAET HAa TEMIIEpa-
TYpHOE TIOJI€ AJIEKTPO/Ia;

- TIOKa3aHo, YTO TEMIIepaTypa Topiia IEeKTPo/a,
00paIieHHoro B IJIABWJIBHOE MPOCTPAHCTBO, CYIIIE-
CTBEHHBIM 00pa3oM 3aBHCHUT OT CIOcO0a COeIMHE-
HUSL MeIU co cranblo. Hambonee Hu3Kas temmepa-
Typa HaOIIOMAETCS TIPU COSAMHEHUU Pa3HOPOIHBIX
METAJJIOB CBAPKOW TUIABJICHUEM WJIY MMANUKOW;

- HaJU4Me MEIHOTO CTEP)KHS BHYTPH CTallb-
HOW 4YacTH 3JIEKTpOJa OKa3bIBAET 3aMETHOC BIIM-
SSHUE Ha TEMIIepaTypy CTallbHOTO TOpIa 3JIEKTPO-
Jla €CJIM ero JUIMHa W auameTp Oombmre uem 60 %
COOTBETCTBYIOIIUX Pa3MEPOB CTAILHON YacCTH.
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Puc. 5. 3asucumocmu memnepamypol cmaibio20 mopuya nodoe6ozo ssexkmpooa (T , °C)
om memnepamypul pacniaenenno2o memauna ( Tp °C) 6 nnasunvrom npocmpancmee J/[CII IIT.
1 — noooewlit I1eKkmpoo ucnoanenusn 2, njioxoi KOHMAaKm;
2 — noooewtit I1ekmpoo ucnonnenusn 1, uoeanvnoiii KOnmaxkm;
3 — noooewlit INeKmMpoo ucnonHenusn 2, udeaaibHovlii KOHMAaKm.
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MATHEMATICAL MODELING OF
OPERATION OF BIMETALLIC HEARTH-
LEVEL ELECTRODES OF ARC STEEL-
MAKING FURNACES OF DIRECT CURRENT

Muzhichenko A.F.!, Atroshenko M.G.!,
Bogachenko A.G.!, Poleschuk MLA.,
Shevtsov A.V.!, Fridman M.A.?

"E. O. Paton Electric Welding Institute of National

Academy of Sciences of Ukraine, 11 Bojenko st. ,
Kiev, 03150, Ukraine

2PrJSC ““ Ferrotreiding” ,59 Ujnoe Shosse, Zaporojie,
03150, Ukraine

The computer model of temperature fields
appearing in water-cooled bimetallic hearth-level
electrodes during operation of arc steel-making
furnaces of direct current was developed. This model
considers the influence of heat flow from furnace
melting area and Joule heat sources, appearing in
it, on the steel end of the hearth-level electrode.
The model examines different structures of hearth-
level electrodes, methods of joining their cooper and
steel parts and allows to choose optimal structure
of hearth-level electrode for the specific conditions
of metal smelting. It is shown that the temperature
of the electrode end, directed into melting area,
significantly depends on method of joining its cooper
and steel parts. Presence of the cooper core inside the
electrode steel part, significantly effects temperature
of the electrode steel end only if its length and
diameter are larger than 60 % of corresponding size
of the steel part.

References 14, figures 5.

Key words: arc steel-making furnaces,
direct current, bimetallic hearth-level electrodes,
mathematic modelling, temperature fields, optimum
structure.
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