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U TEXHOJIOI'UA ET'O U3I'OTOBJIEHHUA U IIPUMEHEHUA

B Uncturyte anexkrpocBapku um. E. O. [latona u MHCcTUTYTE CBEPXTBEPABIX MaTEpHAIOB UM. B.
H. bakyns HAH VYkpainu nponecc cBapku B TBeproil (paze —rpenuem c¢ nepemenrBanuem (CTII) —
UCIOJIB30BAJIM AJI1 BOCCTAHOBIIEHHUS MEAHBIX IUINT OXJIQXKICHHS KPUCTAIM3aTOPOB HENPEPHIBHOIO
muths 3arotoBok (MHJI3), omHOro U3 OCHOBHUX Y3710B YCTAaHOBKH HETIPEPBHIBHOM Pa3/IMBKU CTaJIH.

B nacrosiee BpeMsi CTOMKOCTb MEAHBIX IIUT KPUCTAJUIM3ATOPOB HENPEPBIBHOU pPa3JIMBKU
ctaimu (MHJI3) B Mmetamnypruu B cpearem coctapisgeT150-350 mmaBok [1].

OOBIYHBIMU METO/IaMU CBapKU W HAIUIABKU IUIABJIEHHUEM BOCCTAHOBHTH MEIHBIC IUIMTHI
KPUCTAIIIN3aTOPOB 0€3 CHUKEHHS UX TEIIONPOBOJHOCTH 3aTPYJHUTENBHO.

Menp mpu IUIaBIEHHMM Ha BO3AYyXe OBICTPO OKHCISETCS, pPE3KO YXYyILIaeTcs ee
TEIJIONPOBOAHOCTh, YTO HEJOMYCTUMO I OXJIAKIAIOIIUX YCTporcTB. KpoMe Toro MmeHbie IiInThl
KOpOOSITCSl ¢ 00pa30BaHUEM TPEIIUH.

[IpuMeHeHre HaMIaBKU TPEHHUEM € MEPEMEIIMBAHUEM I103BOJISIET BOCCTAHABIMBATH MEIHbBIE
IUIATHl KPUCTAJIM3aTOPOB HA BO3JyXE, ¢ MUHUMAJIBHBIMH HM3MEHEHUSMH HUX TEII0()U3MYECKUX
CBOKMCTB M UCKJIIOYHMTH UX KOpoOienue.[2].

OtpaboTaHHas TEXHOJOTUs HAILIaBKU MEJU Ha ME/Ib C IOCJIENYIOIIEeH HAaIUIaBKOM HUKEIs Ha
BOCCTAHOBJICHHBIC MEIHBIC IUTMTHI, Obuia peanmuzoBaHa B HIID «BCII» mpu peMoHTE IIUT
OXJIAKICHUS KPUCTAJUIM3AaTOPOB  HENPEPBIBHOW  Pa3JIMBKHU ctaiu  HoBosumnenkoro
METaJTypruuecKoro KoMOnHara.

PemonTHpoBamM mMTHl chenyromuM obpasom. Ha orpabotaBiiyio pecypc IUIMTY WIH
PEMOHTUPYEMBIN YIaCTOK €€ CErMEHTa, MIPEABAPUTENBLHO OTPPEe3epOBAHHBIN 10 HEOOXOAUMOTO YPOBHH,
HAKJIa/[bIBAIIM TUIACTUHY TPeOYyeMOro cocTaBa ME/, U HAJISKHO 3aKpPEIUIIN €€ CTPyOIMHaMu. 3aTeM
cnenmaneHbiii uir CTII Bpamarommiics MHCTPYMEHT BHEIPSUIM B HAIUIABISEMYIO IUIACTHHY,
pasorpeBaiy ee J10 TEMIIEpaTyphl IUIACTUYHOCTH, CO3/1aBasi IepeMEIIMBaHNE HAIUIABISIEMOrO METalja C
MeTaiyioM ocHOBBI. Ha puc.1-3 noka3aHn npoliiecc HarIaBKH.

B KayecTBe IPOMBIIIIEHHOTO
0o0opynoBaHus JUISL BOCCTaHOBJICHUS
KPUCTAJNIN3aTOPOB  HEMPEPBIBHOW  pa3iIMBKHU
CTalld WCIIONB30BAIH  (Dpe3epHBId CTaHOK C
JIBUTaTeIEM MOIITHOCTEIO 30 KBT.

HannaBky Menu Ha BCIO TUIOIIAAb TUTATHI
OCYILIECTBIISIACH nyTeM BBITTOJIHEHUS
MOCIIEAYIOLIUX CBapOYHBIX IIIBOB c
nepekpeiTieM.  VHCTpyMEHT  BBOAMIM  Ha
HEM3HOIICHHOW YaCTH IUTUTHI, a BRIBOJIMIIM — 32 €€
npejieiaMi Ha CHELUalbHBI HOCOK, KOTOPBIH
3areM  oOpe3anu. PesynmpTaThl  HM3MepeHUs
TEeMIepaTypbl MeAM B pailoOHE HAIIaBKH (30HA
CBAapOYHOr0 IIBa) I[OKAa3aJM, YTO OHAa He
MPEBBIIACT TEMIEPATYPy PEKPUCTAIH3ALMU ME/IH.

[logroToBneHHass K HalUIaBKe 4YacTh IUIMTHI (ClieBa) M 4YacTh HAIUIABICHHOM U
OTHUIN(OBAHHONW MEIHOM TUIUTHI (CIIpaBa) MOKa3aHbI HA PUC. 2.

Puc. 1. Obwuii 6uo npoyecc nannasku
MEOHOU NAUmMbl

482



PA3JJEJI 3. PABPAFOTKA U BHEJJPEHUE OBFOPY][OBAHUA U UHCTPYMEHTA, OCHAILLJEHHOI'O
TBEPJ[BIMU CHIVIABAMMH, B PA3JINYHBIX OTPACJIAX IIPOMBILIJIEHHOCTH

Uccnenopanms HAIUIaBIICHHOTO
Y4acTKa IJIUTHI IOKA3aJIU, YTO B PE3yIbTaTe
MOJTYYWIIV TUIOTHBIN HAIUIABIEHHBIA METa,
0e3 TpeluH, HEeMmpoBapoOB W TOp, YTO U

MTOATBEP AN MOCIIEAYIOIINE
Metaiorpaguyeckue uccuenoanus [3].
N3mepenue MUKPOTBEPAOCTH

HAIUIABJIEHHOM MEIH CBUJIECTEIILCTBYET O €€
AASHTHYHOCTH C OCHOBHOM INIMTOM.
Paseute u  coBepLIEHCTBOBaHUE
texHonoruu CTII cBugeTenbCcTBYET, UYTO
OCHOBHBIM 3JIEMEHTOM IIPOLECCA SBISECTCS

Puc. 2. Obwuii 6ud naniaenennoii u  WHCTPYMEHT, KOTOPBIA B mporecce padoThl

omunugho8anHou MeoHou naumel (cieéa 6uowa — OABEPracICA BBICOKHM
4acmv NOO20MOBIEHHOU K HANIA6Ke NAUMbL TCPMOMCXaHMYCCKMM  HArpy3KaM. Ha
pasorpeTslii pabounii MHCTPYMEHT

OJTHOBPEMEHHO JICHCTBYIOT BpAIIAIOLINI MOMEHT M 3HAKONEPEMEHHbIE, HUKIMUECKUEe U3rudaromime
cwibl. [losTOMy Marepuanm HMHCTpYMEHTa JJisl HAIUIaBKU [OJOMpAics KApOCTOMKMM U
BBICOKONIPOYHBbIM. Oco0oe 3HaueHHe MpU ITOM HMENIHM KOHCTPYKIUS M MaTepual U3 KOTOPOro
M3TOTOBJICH MHCTpYMEHT Hawmnyurine pe3ynbTaTsl 10 HaJIeKHOCTH U JIOJTOBEYHOCTH 00ECHeunBaeT
UCIOJIb30BaHUE MHCTPYMEHTA ¢ paboyeil yacThio KOHUYECKoi (Gopmbl. B 3ToM ciyuyae uzrubdaromas
Harpy3ka Ha HHCTPYMEHT IIEpEIat0TCs 110 KacaTeIbHOM Ha OCHOBHOE TEJIO MHCTPYMEHTA, YTO OCOOEHHO
BaYKHO MPU HCIOJIb30BAHUU MHCTPYMEHTA U3 MATEPHUAIOB MOBHIIIEHHON XPYIKOCTH.

VYuuThIBas, 4TO HAIUIABKYy IMPOBOJIMIIM B JBa dTana (HaIUlaBKa MEIU Ha OTJEJIbHbBIE YYaCTKU
IUTMTHI, a 3aTEM HAIUIaBJSUIM JIMCT HUKENs Ha BCIO €€ MOBEPXHOCTh), HCIOIb30BAJIM JIBa THUIA
WHCTPYMEHTOB, YTO OOYCJIOBICHO pa3iuuueM (PU3UKO-MEXaHUYECKUX U TeIIo(QH3NIECKUX
XapaKTepUCTUK MeIu W Hukens. U ecaum B mepBoM ciydae JOCTATOYHO ObUIO MHCTPYMEHTA W3
TBeproro cruaBa Mapku BK10, 11 HamiaBKy HUKENsS C TEeMIEpaTypoi IIaBieHUs Oojee ueM B
MOJITOpa pa3a BBIIIE B CPABHEHUU C MEJbIO, MOHAAO0MICS UHCTPYMEHT U3 KyOMYEeCKOro HUTPHUAA
6opa. Upe3BbI4aiftHO Ba)KEH IS TOJTyYSHHUS KAY€CTBEHHOTO COSIMHEHUS PEKUM HAIDIABKH (CKOPOCTh
BpallleHUs] HHCTPYMEHTA, OCEBOE JaBJICHHE U Mojjaua cToiia). OnTuMaibHbIE peXKUMHBIC TapaMeTPhl
nporecca MO3BOJSIIOT HMCKIIOYUTH KOPOOJEHHE TUIMTHI W O0ECHEYUTh JTOCTATOYHYIO CTOMKOCTH
unctpymenra ans CTII. CoxpaHeHHMIO ATHX TMOKa3aTejeil CrnocoOCTBYeT CBOEBPEMEHHOE U
JIOCTaTOYHOE OXJAXKJIEHHE HMHCTPYMEHTAa U IUIMTHl B Ipoluecce padoTel. VMIMEHHO mno3TOMY
MCIOJIb30BAJIH CTIEUAIbHYIO OMPABKY C TOJIKIIOYEHUEM MMPOTOYHOTO BOASTHOTO OXJIAKICHUS.

MeaHyro 1acTUHy TOJIIIMHON 3—5 MM HaIUIaBJIsUIM IPU YAaCTOTE BPALLEHUS MHCTPYMEHTA J10
1400 06/mMun. CxopocTh nepemelntenus croia cocrapisuia 80—110 MM/MuH, Iar MEXIy MPOX01aMu
MHCTpYMEHTa — 15 MM.

Pesynbrarel ananu3a oOpa3oB CBAPEHHBIX IUIACTHH MOKA3aJIH, YTO B 30HE MEPEMEIINBAHUS
MIPOUCXOJUT AUHAMMYECKas peKkpucTaum3anus Meau. CTpyKTypa COCTOMT U3 PaBHOOCHBIX 3€peH
pazmepoM 5—-30 MKM, MUKPOTBEPOCTb 3TOM 30HBI cocTaBuia 1157+50 MlTa.

B pesynbraTe Hamuuusg rpagueHTa TeMmieparyp U Jaedopmanuu B JIOKaJbHOM 0ObeMe
o0pa3yeTcs CTPYKTypa, CYIIECTBEHHO OTJIMYAIOLICHCS OT OCHOBHOTO METa/lla YTO CHOCOOCTBYET
BO3HUKHOBEHHUIO HANPSDKEHUS MEXIY OTAEIbHBIMU DJJIEMEHTAaMHU CTPYKTYpbl (CTPYKTYpHOE
HanpsDKEHUE) T. €. HampspKeHus: BToporo poja. [lomo6Hoe Hab01a10ch MpU HATUIABKE TUTUTHI 0e3
oxnaxaeHus. HamnasnenHnas miauta ¢ o00pa3oBaBIIMMUCS TPEIIMHAMU TOKa3aHa Ha puc. 3
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OgnuM  u3  3TafoB  BOCCTAHOBIICHMS
MEJHBIX TUIHT KPUCTAJUIM3ATOPOB SIBISETCS
HaHeceHne MerogoM HTII mMm ciod Hukens
TOJIIMHOMN 3 MM.

Jlis HaHeceHUsT Ha MEIHYIO IUTUTY
HUKeNss, ¢ Oojee BBICOKOM TeMIepaTypoun
IUIABJIEHUS [0  CPAaBHEHUIO C  MEJBIO
UCIIONIb30BAJIM HE TOJBKO OPYrHe MaTepualbl,
HO U U3MEHWIM KOHCTPYKLHUIO MHCTPYMEHTA.
Jlygymive pe3ynbTaThl TMOKa3add  TBEpJbIe
CIUIaBbl BOJb(PaM-OKOOATBTOBOW TPYNIBl H
KyOM4ecKui HUTpHua Oopa.

Taxue WHCTPYMEHTHI o0magaroT

et MTOBEINIICHON KapOoIpOYHOCTBIO, YTO ITO3BOJIACT

Puc. 3.06wuii 6uo oeghopmayu u mpewunsvl Ha
obpamnoii cmopone naumvl MHJI3 nocne
HAHeCceHUsl Closi MeOu 800/lb NUMbL MemoOOM
HTII 6e3 oonoanumenvHo2o oxaaicoeHus

WX MCTOJB30BaTh 10 TemmnepaTtypsl 1200 °C.

Hukenp HaHOCHIIM Tak k€ C MOMOILBIO
YCTAaHOBKM JUIsl HAIUIABKU MEJHBIX IUIMT.
JIOTIONHUTENBHO, Il YMEHBIICHHUS OKUCIICHMUS
MHCTPYMEHTA B TIpOIIecce padOThI UCTIONB30BAIH OXJIAXKAAIONINI 00/IyB €r0 HHEPTHBIMU Ta3aMHU.

CpaBHeHue 3aTpar B Npou3BoACTBe NpHu ucnonb3oBanud HTII m HarmuiaBku muraBsimummcs
AJIEKTPOZOM TIOKa3ajo, 4YTO HadaibHble KanurtanoBioxkeHuss npu HTII Oomee BbIcOkHe, HO C
yBeJIu4eHueM oobeMa nmpousBojactea npuMeHenre HTII ctaHoBUTCS SKOHOMUYECKH BBITOJIHEE YEM
JIpyroil BUJ HaIlJIaBKM, a B HEKOTOpbIX ciydasx HamnaBka HTII sBisgercs eauMHCTBEHHON
BO3MO>KHOCTBIO KaK, HallpUMep, IS MEIU U HUKEIIA.

Pa3paboTaHHyI0 TEXHOJOTHIO CBAapKH (HAIUTABKH) MOXHO PEKOMEHIOBATH JJII PEMOHTA U
MOBBIILIEHUS CPOKA CITY>KOBI MEIHBIX KpucTasuu3aropos MHII3.

Pozenanymo sacmocysanns memooy 36aproGamHs Mepmsam 3 NePeMiuly8aHHAM Ol GIOHOGNEHHS
MIOHUX NAUM OXOJI00JCEHHS KPUCMANI3AMOpie b6e3nepepero2o Iumms 3a20mo6oK.

Knwwuogi cnoea: nannasniogamnms, mepms 3 NEPEMIULYBAHHAM, NAUMA, Mib, KpPUCMATIZAMop,
IHCMPYMEHM.

NEW TECHNOLOGY OF RESTORATION AND FIXING OF COPPER
COOLERS OF COOLING CRYSTALLIZERS OF CCM
The application of the friction stir welding method for the reduction of copper plates for cooling molds
for continuous casting of blanks is considered.
Key words: surfacing, friction with mixing, plate, copper, crystallizer, tool.
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BUCOKOTEMIIEPATYPHA IIOB3YYICTb TBEPAOCIIJIABHUX 3PA3KIB,
CIIEYEHUX 3A OJHOOCBOBOI'O CTUCKAHHSA

Haeeoerno pesyrbmamu Komn 10mepHO2O MOOENO8AHH MA eKCHEePUMEHMANbHO20 O0CHIONCEHHS.
BUCOKOMEMNEPAMYPHOI KOPOMKOUACHOT NOB3YHOCMI 3pasKie 3 meepoo2o cnaasy BH20, wo cnikaiomvcs nio
0I€10 NOCMIIHO20 CIMUCKAIOY020 0CbOB02O HABAHMAIICEHHSL.

Kntouosi cnosa:. meepouii cnias, 3pasok, 00HOOCbO8e CMUCKAHHA, MeEMNEpamypd, no83yuicmo,
KOMI TOmepHe MOOeN08AHH S, NOUKOOICEHHS, HANPYIJICEHHS, 0epopmayis.

Beryn

Huni OCHOBHMMM CHOXXHMBauaMH BOJb(PAMOBUX TBEPAUX CIUIABIB € BHUPOOHUKHU
TipHUYOI00YBHOTO 1 MeTasiooOpoOHOro oOJagHaHHSA, PO3POOHMKM TEXHIKM BUCOKHMX THUCKIB 1
TeMIIepaTyp, y TOMY YHCJl amapariB BHCOKOTO THCKY, SIKi 3aCTOCOBYIOTH Ul CHHTE3Yy ajMa3iB,
CHIKaHHS HAHOCTPYKTYPHHX Ta 1HIIUX MaTepialiiB, a TAKOXK ajIMa3HO-TBEPAOCIUIABHUX IIACTHH JUIS
OypoBoro iHCTpyMmeHTy [1; 2]. 3 ypaXyBaHHSAM TOTrO, IO JJisi BUTOTOBJICHHS 3a3HAYEHUX BHUPOOIB
IIOPOKY BUKOPHUCTOBYIOTH COTHI TOH JOPOTHMX MapoK BOJh(PaAMOKOOAIBTOBHUX TBEPAMX CIUIABIB,
3aIMIIAETHCS aKTYaJIbHICTh MpOOJIEeMHU TMIIBUILEHHS iX eKCIUTyaTaliiHoi criiikocti. Bimomo, mio
CTaTWUYHA 1 BTOMHA MIIHICTh TBEPAOCIUIABHMX BHPOOIB OaraTo B 4YOMY 3aJIe)KHTh BiJ BUAY Ta
HEO/THOPITHOCTI 1X HaNpy>KeHO-/1e(h)OPMOBAHOT'0 CTaHY, a TAKOXK BiJl TEPMOMEXaHIYHUX XapaKTEPHUCTHK
TBEP/MX CIUIABIB, SKi, y CBOIO UEPry, 3aJIe’KaTh BiJl CKJIaTy 1 CTPYKTypH ocTaHHIX [3]. ¥V mpomy pasi,
KpIM perfiaMeHTOBAaHHX JIOCIII/PKEHb BIACTUBOCTEN TBEPIMX CIUIABIB 3aJIEXKHO BiJl IX MIKPOCTPYKTYpHU
NnoTpeOyeThCsl KOMI'IOTEPHE MOJIENIOBAHHSA TEPMOIPYKHO-TNIACTUYHOTO Je(OpPMYBaHHS TBEPIUX
CIUIaBIB 3 METOIO OLIHIOBAHHS iX TPHBAJOI MIITHOCTI B YMOBaX CTajoi i 3MiHHOI MOB3y4ocCTi. Take
MOJICTIIOBaHHS MOJKE JIaTH JOAATKOBY iH(GOpMAIIiI0 PO OCHOBHI 3aKOHOMIPHOCTI JehOopMyBaHHS 1
pYIHYBaHHS SIK TBEPIOCIUIABHUX 3Pa3KiB, IO CIIKAIOTHCS IMiJI JI€I0 PO3TATYIOUHMX a00 CTUCKAIOUMX
HaBaHTaXCHb, TaK 1 TOTOBUX BUPOOIB, [0 EKCIUTYyaTyIOThCS TPUBAIMIA 4ac B YMOBaX BUCOKOT'O THUCKY 1
BHCOKOI TEMITEPaTypH, a TAKOXK 3HAYHOI IIBUIKOCTI IepopMyBaHHS.

MeToauka nocjaixKeHb

OCHOBHI eTanu MOJETIOBAaHHS IMOB3y4YOCTI TBEPAMX CIUIABIB 3a BUCOKOI TEMIIEpaTypH 1
BHCOKOTO HaIMpYXeHHS AOLIIBHO PO3MISHYTH Ha MPUKIIAJ1l MPY>KHO-TUIACTUYHOTO JeopMyBaHHS 1
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