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overheating, respectively, of the consumed energy for melting and to ensure resource-saving
surfacing technology.

The process of surfacing with two tape electrodes, even when using fluxes recommended for
electric arc welding, partially proceeds as electroslag, since a certain fraction of the current is
shunted by molten slag. This helps to reduce the depth of penetration and reduce the share of the
base metal in the weld metal. The main advantage of surfacing with two tape electrodes is obtaining
the deposited metal of the required chemical composition already in the 1st or 2nd layer, in
contrast to single-electrode surfacing, where it is necessary to apply from 3 to 5 layers.

The results of studies of the influence of the oscillation frequency of ribbon electrodes showed
that the maximum increase in the melting coefficient occurs when using the oscillation frequency in
the range of 45-55 Hz, regardless of the other parameters of the mode.

Keywords: submerged arc welding, mechanical transfer of electrode metal, mode
parameters, base metal participation share.
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TEPMUYECKOE JE®OPMHUPOBAHUE TOJICTOJUCTOBBIX
KOHCTPYKIIUIA

B pabome evinoinen ananuz npoyecca mepmMuyeckou NpaeKu MemaiiuvyecKux uzoenutl,
KOMOpbll  NpuMeHsemcsi  Ofisi  UCHpAGIeHust  0eekmos  @dopmvl  CMATbHBIX  3A20MOBOK.
Paccmompenvr  ycnosus, neobxooumvie 0ns1  obecneuenusi 0ehOpMUPOBAHUS  3A20MOBOK.
Ipoananuzuposanvl. cOOMHOWEHUST MeHCOY MOTMUHAMU HACPEBAEMO20 U XOI00OH020 Cl0e8 8
dehopmupyemom uzoenuu. Bvinonnena nposepka npumeHUMOCmu U38eCmMHbIX PeKOMeHOayull no
MePMONpasKe K d1eMeHmam KOHCmpYKyutl moawurou 6oaee 50 mm.

Knrwouesvie cnosa: mepmuueckas npaexa, Hazpes 3a20MOB0K, UCHpasieHue Gopmol,
Odepopmayuu, mecmmuwlii Hazpes

ITocranoBka mpodJsembl. B pszne ciiydaeB B TEXHOJIOTMUECKUX IPOLECCAX IMPOUCXOIUT
HarpeB M TeroBass JegopManus CTaJbHBIX HW3JAEIUIH, HampuMmep, MpH SKCILTyaTaluu
METAJUTyprUuecKkoro OoOOpYJOBaHUS, WJIM TP CBapkKe CTaJbHBIX 3aroToBok. Kak ams
METAJITyPrUueCKUX y3JI0B, TaK U JUIsl CBAPHBIX KOHCTPYKLUUN HCKakeHHE (POPMBI M3AENuUs JJaxke Ha
HeOOoJIbIIIOM ydacTKe paldoueil MOBEPXHOCTH MOMKET 3HAUYUTENBbHO MOBIHMATH HA KOPPEKTHOCTH
BBITIOJTHEHUS TEXHOJIOTHH, a TaKXKe CIYy)KEOHBIE XapaKTEPUCTUKU U3JIEIHS U CPOK €ro CirykObl. J{s
JMKBUAALMHU OCTaTOUHBIX JehopMaIvii B CTAJIbHBIX 3ar0TOBKaX pa3paboTaH psij pekoMeHaauii [1]
C HUCIIOJIb30BAaHUEM MPHUHIIMIIOB TEPMUYECKON MpaBKu [1—5], KOTOpble MPUMEHSIOTCS B Pa3IMYHbIX
00JIaCTSIX MPOMBIIIJICHHBIX TEXHOIOTUH. B yKa3aHHBIX peKOMEHIAIMIX ObUTH YYTEHBI pe3yabTaThl
OTEYECTBEHHBIX U 3apyOeXHBIX HCCIEIOBaHUI MO METOJaM HCIpPABIEHUS OCTaTOYHBIX
nedopmanuii. OnHAKO B PEKOMEHAALMSAX HE KOHKPETU3WPOBAHBl MAaKCHMAJIbHBIE pa3Mepbl IO
TOJILIUHE 3aroTOBOK, KOTOpbIE€ MOTYT MCHOJIb30BAaThCS JJI HCIPABICHUS TE€OMETPUUYECKHUX
pasmepoB. B TO ke Bpems Ha IpPOU3BOJCTBE, HAIpPUMEpP, B METAJUIYPrUYECKOW OTpacCiH,
BCTPEUAIOTCs CIy4ya, KOTJa BO3HUKAET HEOOXOIUMOCTh MCTIPaBUThH AePEKThl (POPMBI B U3AETULX
3HAYUTENBbHOM TONIMHBL. TakoMy BoOmpocy He ObUIO MOCBSIIEHO CIEHUAIBHOTO HCCIEI0BAHUS,
MI03TOMY OH SIBJIIETCS aKTyaJIbHbBIM.
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eab cTaTbu — aHATN3 TEXHOJOTHH YCTpaHEHHUS J1e(heKTOB (POPMBI B CTANIbHBIX 3arOTOBKaX
C TOMOIIBI0 HAarpeBa M MPOBEPKA MPUMEHUMOCTH M3BECTHBIX PEKOMEHJAIMN MO TEPMOIPABKE K
AJIEMEHTaM KOHCTPYKIUI 3HAYUTEIbHOU TOJIIIUHBI.

H3n0xeHne 0OCHOBHOTO MaTepuaJja. B 1iejgom psje ciyyae, HampuMep, B MOCTOCTPOCHUH,
ucnpaiieHue 1e(heKToB GOPMBI SBISETCS HEOOXOIUMBIM ATAOM IMOATOTOBUTEIBHBIX PabOT mepen
BBITIOJTHEHMEM OCHOBHBIX TEXHOJIOTHYECKUX onepauuid. TexHonorus wucmpabieHus JIedeKToB
(OpMBI TUCTOBOTO U (PaCOHHOTO MPOKATa MCIONBb3yeTcss B Mocrtoctpoenuu [1]. HeoOxoaummocTh
Takod  omepanuu  OOycliOBIeHa  TpeOOBaHHEM  COOJIIOJIEHUST ~ TOYHOCTH  KOHEYHOM
MAaKpPOKOHCTPYKIMHU. VCHONBb3YIOTCS pa3iauyHble BapHaHTbl TEXHOJOTHHM IIPABKU 3arOTOBOK.
HccnenoBaHusiMM  yCTAHOBJIEHO, 4YTO CpPeOd APYTUX BO3MOXKHBIX BAapUAHTOB BBIOOPOUYHOTO
ne(OpPMHUPOBAHMS 3arOTOBOK HamW00JIee TEXHOJIOTHYHBIMH SBJISIOTCS CIOCOO Tra3oIlIaMeHHOM
MpaBKU (TEpMUYECKas MpaBKa), U CIOCO0 TEPMOMEXAHUYECKOU MPaBKU 3JIEMEHTOB KOHCTPYKLHUM,
CX€Ma KOTOpBIX IPEJCTaBlIeHa Ha puc.l.

Ao npasxn

a) 0)

Pucynox 1- Cxema mporiecca u3MEHEHHS T€OMETPHUECKON (hOPMBI U3
C IPUMEHEHHUEM ra30IlJIaMEHHOr0 Harpesa: (TepMUUecKas npaBka (a) u
TepMOMexaHuueckas rmpaska (0): 1- yuacTku Harpesa, 2- rpys, 3 — ymnop

B pesynbrare omepanuu NpaBKUM 3a CYET MECTHOIO IUIACTHYECKOIrO Je(OpMHUPOBAHUSA
BO3MOKHO 00ecneuuTh (OPMOU3MEHEHNE JUCTOBBIX 3ar0TOBOK, MPO(MUIBHOIO MPOKaTa U APYrux
U3JIETTHUH.

[Ipu nHanbonee >KOHOMHUYHOM crocobe (TepMoNpaBKa) IMpoLEcC H3MEHEHUs (OPMBbI
o0OecnieunBaeTcs 3a CYET MECTHOro HarpeBa Metamia. [Ipu sToM cBOOOIHBIE HedopManuu
HarpeToro yyacTka H3Jeius OTpaHWYeHbl OKPYKAIOIIMMHU O00JacTAMU XOJOJHOIO MeTalia,
KOTOpBIM obOnajgaer Oojiee BBICOKUMU MEXaHMYECKHMHU CBOICTBaMH, T.€. HMMEET OOJIbLIYIO
IPOYHOCTh U KECTKOCTb. MeCTHBI HarpeB IIaMeHeM JAe()OpMUPYEMBIX H3/EIUNA BbIMOIHSIOT
TakuM oOpa3oM, 4TOObl B HArpeTol 30HE BO3HUKIIM HANPSKEHUS CXKaTHUsl, KOTOPBIE JIOJIKHBI
IIPEBBICUTH MpeAeN TEeKydecTH. B 3ToMm ciydae nocie OXJaXIEHUs W3LENUs IMPOUCXOINUT
COKpallleHHE pa3MepoB Harperoro ydactka. OOBIYHO B TaKMX IpoLEccax HArpeB BBINOJIHSIOT CO
CTOPOHBI Y4acTKa, JUIMHY KOTOPOro HY>KHO COKPAaTUTb. DU3NYECKHUI CMBICII ITPOLIECCa 3aKIII0UAETCS
B [IOJIYY€HUH OAHOCTOPOHHEW HECUMMETPUYHOM IIacTuuecKoil nepopmanuu B usaenuu. [lpu stom
MeTaJuInYecKas 3aroToBKa Ha Y4YacTKE HEpPaBHOMEPHOro HarpeBa paboTaeT B pexHUMe
«TEPMHUYECKOro OHMeTajuia», TO €CTh HMEeT JBa CJ0i C pa3IMYHbIMM CBOMCTBAMHU U
COOTBETCTBEHHO - pAa3JIUYHbIM YyJUIMHEHMEM CJIOEB. 3a CUeT CXaThsl HarpeToro ydvacTka
OKPY)KAIOIIMMU  XOJIOZHBIMM  y4acTKaMH M  OCYIIECTBIIIETCS  MpOILEeCcC  IJIaCTUYECKOTO
nepopmupoBaHus. [JaBHBIMH MPEUMYILIECTBAMU CIIOCO0Aa TEPMHUECKOW TNPAaBKU SBISIOTCS
BO3MOXXHOCTh IIPUMEHEHUS B JIOOBIX YCIOBUAX JJII KOHCTPYKUUN MPAaKTHUECKU JH000H (HopMbl 1
CIIO)KHOCTH.  MoOWIbHOCT, ~ obOecreueHHs  ra3oIUIAMEHHOro  HarpeBa  oOecredyuBaeT
TEXHOJIOTUYHOCTh MPUMEHEHUS criocoba U Majble 3aTpaThl Ha €ro ocyllecTBieHue. B yactHocTH,
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JIOKaJIBbHBIM TEPMHUYECKHM J1e(OPMHUPOBAHUEM BBINOJIHIIOT IPABKy JHUCTOBOIO U (HacoOHHOTO
Ipokara, puc.2.
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Pucynok 2 — Bujiel 1e()eKTOB JTHCTOBBIX 3arOTOBOK (2, 0) U cXxeMa UCTpaBlieHUs 1e(eKToB
TEPMOITPaBKOil TMCTOB (B) M IBYTaBPOBBIX Oanok (1): 1, 2 — yyacTKu Harpesa

B TO e BpeMsi B M3BECTHBIX pekoMeHmanusx [1] He yka3bIBalOTCs Mpeaesbl U3MEHEHHUS
TOJIIIUH 3aroTOBOK JUISI TEPMOIPABKH, W TPUMEHUMOCTh PEKOMEHMANUN IS W3JCITHA
3HAYUTEIBHON TONIIUHBI. J[aHHBIA BOIPOC B OOJBIICH CTENEHM MHTEPECCH HE JUISi CBApPOYHBIX
oreparyii, a s METALTyPTHYeCKOro OO0OpYAOBaHUS, METAIOEMKHE JETall KOTOPOrO0 MOTYT
nedopMUPOBATHCS MPU BHICOKOTEMITEPATYPHON JKCILTyaTallii. DKCIEPUMEHTAIBHOE OMPOOOBaHNE
TEPMHUYECKOHN MPaBKH PA3IMYHBIX JIETAICH TOMMUHON O0ojee 50 MM MOKa3ajo, 4TO paclpeIecHue
TEMIIEPaTypbl B HUX U (OPMUPOBAHUE TEMIIEPATYPHBIX MOJEH MOKET CyIIECTBEHHO OTINYAThCA,
YTO CYNIECTBCHHO BJIMSCT HA XapaKTep BO3HUKHOBEHHS TEMITEPATYPHBIX JIehopMaIni.

[Tporiecc Tepmuyeckoro neGopMHpOBaHHUS 3arOTOBOK Oa3WpyeTcs Ha TOM, YTO JOJIKHO
COOJTIOIAThCS OTIPEICTICHHOE COOTHOIIIEHUE MEXTy 00BEMOM HarpeToro Metamuia (OpHeHTHPOBOYHO
no Ttemmeparypsl 650-700 OC) U 00BEMOM OKpyXKaromiero Ooiyiee XxoysiogHoro Mertamta. Jlms
JUCTOBBIX 3aroTOBOK 3TO COOTHOIICHHWE IPOINE BBIPAXKATH dYepe3 TOJIIMHBI HArpEeTOW YacTH
3arotoBku R; u He Harperoil wactu Rj. llenenampaBneHHoe aeopMHupoBaHUE METATLTUYECKUX
3aroTOBOK BO3MOKHO JIMIIb MpHU cooTHorreHud Ri/Ry; = 0,1 ... 0,25. CoOmroieHre yKa3aHHOTO
COOTHOIIIEHUS HE SIBISIETCS 00s3aTeNbHBIM JIJIS TIPoliecca TEPMOMEXaHUYECKOW MPaBKH, OJTHAKO OH
TpeOyeT MOMOTHUTEILHOTO 00opymoBaHus. DaKTUIECKH JIJIS PeaTu3alliu IpoIecca TePMOIPABKH
HY)KHO OOECHEeYHTh TOJIBKO TMOJBOJ TeIja K OMpeNelIeHHOMY ydacTky wu3aenus. [Ipu sToMm B
o0yacTh HarpeBa 3aroToBKa paboOTaeT B PEXUME «TECPMHUUYECKOTO OMMETaia», B KOTOPOM H3-3a
Pa3HOCTH CBOWCTB CJIO€B, MOTYT BO3HHKATh HeCHUMMeETpUUHbIe nedopmanmu. Beixon 3a mpeaesns
YKa3aHHOTO COOTHOIIICHUS TMPUBOJUAT JUOO K HEJIOCTATOYHOM IIACTHYECKOW jaedopmarmm
HarpeBaeMoro yuactka (mpu Ri/Ry< 0,1), 11060 k HarpeBy ¥ pacuipeHuro 00Jee XOJIOAHOTO CIOs
(R1/R2> 0,25), xorga mpOMCXOMUT OJHOBPEMEHHOE YIPYroe pacimupeHue oboux cioe. Jlms
3aroTOBOK IMPOMBINUICHHOTO MacIiTaba CoOJII0IeHHEe yKa3aHHOro cooTHolenus Ri/R; hakruuecku
3aBHCHT OT BPEMECHH HarpeBa 3aJIaHHOM IO u3enus Ha Tiyouny Ri. Eciou Bpems Harpesa t
MPEBBIIIAET HEKOTOPYIO KPUTHUYECKYIO BEMMUYUHY ly,, TO B HarpeBaeMoM U3JEIHH HEOOXOIHMMO
VYHATHIBaTh OTBOJI TEILIa B 00JIee XOJIOJHBINA CIION U TIOTEPH B OKPYIKAIOIIYIO Cpey. BeipaBHUBaHME
TEMIIEpaTyphl clI0eB ¢ TonmmHaMu R; u Ry He MokeT obecrneunTs mpolecce leaeHanpaBIeHHOTO
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neGopMUPOBaHUS METAJUIMYECKOTO U3JIENUS U UCIIPABJICHUS €r0 T€OMETPUYECKUX JIe(DEKTOB, T.K.
3aroToBKa B CBOEM TEIUIOBOM PACIIMPEHUU TMEPEXOTUT M3 PEeKUMA «TEPMUYECKOr0 OMMETaIay B
PSKUM HarpeBaeMoro MoHoMeTauia. To ecTh, B TMpOIEcce HarpeBa NpU TEPMHUECKOM
neGopMUpPOBaHUN JOJDKHBI  COONIONATHCS  CIEAYIOIIME COOTHOIICHUS MEXIy pa3MepaMu
(rommuHamu) cioeB R 00pabaThiBacMOro U3ICIuS:

0 <R<R31, T = Tsapan; (D)
R1<R<R2,T:T0; 8T/8R=O, (2)

rae T — Tekyluee 3Ha4eHue TeMIepaTypsl Meramna, °K;

T, — HaYaIbHOE 3HAUYEHUE TEMIIEPATyPhl HE HATPETOM 3aroToBKH, °K;

T samn — 3a0aHHOE 3HAYEHHE TEMIIEPATYphl HArpPeBa IJIs NPOTEKAHMS ILTACTUYECKUX
nepopmanuii, °K.

B kadectBe 3ajaHHOI TeMmIepaTypbl MPU HCIPABICHUH IEPEKTOB CTAIBHBIX 3arOTOBOK
00bIYHO IpUHHMAKT Temneparypy 923-973 °K (650-700 °C). Ilpu 3HAaYMTENBHBIX TadapuTax
U3JICNUsl TaKHE YCJIOBUS C YBEIMYCHHEM BPEMCHH HArpeBa peajn30BaTh 3aTPyIHHUTEIBHO, T.K.
TEMIIEpaTypa MO CEYCHUIO M3JICTHUS BHIPABHUBACTCS B COOTBETCTBUU C KIIACCHYCCKHM ypaBHEHUEM
TEIUIOTPOBOTHOCTH:

2
o _ [T 1at]_, 3)

ot R> R OR)
rne T - remneparypa, °C;
R — pa3mep mo ToIIKHE 3arOTOBKH, M;
t- Bpems, c;
a — TEeMIIepaTypOIIPOBOJHOCTb, m/c.

[Ipy BBIYMCICHUU TEMMEPATypPOIPOBOJHOCTH YUYUTHIBAIOTCS TEIUIO()U3NYECKUE CBOWCTBA
Marepuana:

a=Alcy

rie A — TemIoNnpoBOJHOCTh, BT/M-K;
¢ — yAeNnbHas TeroeMKocTb, Jx/kr-K;

y — ITOTHOCTb, KI/M°,

B cBA3M C IpOTEKaHMEM HENPEPBIBHOIO NIPOLECCa BBIPABHUBAHUS TEMIIEpaTypsl B
MacCHUBHBIX 3aroTOBKax OJIHOBpEMEHHOe BblMosHeHHe ycnoBuil (1) wm  (2) sBugercs
3aTpyJHUTENBHBIM MIPH YCIOBUU TEpEMEIIeHUH MCTOYHUKA HarpeBa. Temmeparypa MOBEPXHOCTH
3arOTOBKM IIPU 3TOM HE OCTAeTCs HEM3MEHHOW. 3adacTyio IpU CO3JaHMM TEIJIOBBIX MOJENEH
MPUHUMAIOT TpaHWYHbIE YCIOBUS 1-rO poja, Korja 3aJaeTcsl ONpelesieHHas TemIepaTypa Ha
MIOBEPXHOCTU M3JENINsA, XOTS Ha NPAKTHKE IIPU HArpeBe MACCUBHBIX M3JENIHN JBMKYILIUMUCS
HMCTOYHUKAMU HarpeBa yciioBue (2), Kak IpaBwio, He BblnonHseTcs. [lpu yBenuueHuun amodo
IUIOIIAJM HarpeBa, JMOO BPEMEHUM HarpeBa TemIlepaTypa HENPEephIBHO M3MEHSETCs M Ha
MOBEPXHOCTH 3aroTOBKH, U B OoJyiee XOJOJHOM cjoe. B cBsi3u ¢ 3TUM, B NPOM3BOJACTBEHHBIX
YCIOBUSX IPOLECC TEPMUYECKON NMPAaBKU TPYAHO IMOAJNAETCS aBTOMAaTH3allMUd U JUCTAHIIMOHHOMY
ynpasieHuto. [lpuyriHa 3TOr0 — CJIOXHOCTH MOJEIUPOBAHMS MPOUCXOIAUINX TEIUIOBBIX U
neopManmoHHBIX mpoueccoB. Ha 3To BiuseT, B TOM uucie, 1 0cOOEHHOCTh 0a30BBIX MPUHLIUIIOB
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CO3ZIaHUSI TBEPAOTENBHBIX MOJENIEH, COINIACHO KOTOPHIM MOJENIH IPHCBAMBAIOTCS CBOMCTBA
OJJTHOPOJIHOTO UAEAIN3UPOBAHHOrO MaTtepuana. M3-3a Toro, 4ro cBOICTBA U MOBEJCHUE MaTepuaa
(baKTHYEeCKH YCPEAHSIOTCS, C YYeTOM JIOTOJHHUTEIbHO TPHUHATHIX MAOMYIICHWH, MOJENU B
pe3ysbTaTe OTPaKalOT YCPEIHCHHBIE CBOICTBA TBEPAOrO Tela C IOCIOHHBIM paclpeieiIcHUuEM
XapaKTEepUCTHK, puc.3.
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Pucynok 3 — Pacnipenenenue temneparyp B MOJEIAX AETAIEH METAJUTYPIrHUYE€CKOTO
o0opymoBaHus, MOJTyYCHHBIC C MpUMeHeHHeM 3D MoenupoBaHus

Takas kapTHHa HE BCErJa COOTBETCTBYET JCHCTBHTEIBHOCTH, T.K. HE YYHUTHIBAIOTCS
JIOKAJIbHBIE MEPErPEBbl MOBEPXHOCTH U BHYTPEHHUX YYaCTKOB, KOTOPbIE MOTYT UMETh, HalpUMED,
HECKOJIBKO JIPyTUe TEIUIO(U3NIECKHEe CBOWCTBA.

B cBsi3u ¢ 5TUM ObUIH SKCIIEPUMEHTAIFHO ONPOOOBAaHbI Pa3INYHbIE PEKUMbBI TEPMUUYECKON
MPaBKH CTAJbHBIX TUIACTUH Pa3IUYHON TOMIIMHBI B quarna3one 40 ... 110 mm. I[Ipu 3ToM 3a ocHOBY
TEXHOJIOTUM HarpeBa ObLIM MPUHATHI BBINICYKa3aHHbIE pekoMeHaanud. [lpu ompoboBanuu ObuN
HCIIOJIB30BaHbI 3ar0TOBKHU U3 cTtainu Mapok 25, 30, 091'2C. B pe3ynbrare onmpoOOBaHHS OKa3alioCh,
YTO TEpMUYECKash TpaBKa C COONIIOJIEHHEM OOIIEU3BECTHBIX PEKOMEHAAINNA, AN 3arOTOBOK
ToNMHONW Oosee 50 MM HE NMPUBOAUT K IMOJIYYEHHUIO 33/JaHHBIX IJIacTUYecKux naedopmanuid. B
3aroToBKax OOJBIINX TONIIMH 3HAYUTENBHO TPYJHEE MONYYUTh HEOOXOIMMOE pachpeeieHue
TEMIIEPATyp MEXK]y HarpeBaeMbIM U XOJIOIHBIM CIIOSIMU HM3-3a YBEIMUYCHUS BpeMEHH Harpesa. s
OOJBIINX TOJIIMH 3arOTOBOK YCIIOBHE (2) MpU HarpeBe He BHITIOIHSAETCS. JTO CBSI3aHO € nepenayeit
TeIlIa TEeMJIOMPOBOTHOCTHIO OT HArPEBAEMOT'0 YUacTKa K OKPYKAIOIIUM X0J01HbIM. Kpome Toro, Ha
MPOLIECC PACHPOCTPAHEHHUs TEIUla HEMPOTHO3MPYEMO OKAa3bIBAIOT BIMSHUE BHYTPEHHHE Je(eKThI
METATYPTHYECKOTO TPOUCXOXKICHHS (HECIUIONIHOCTH), KOTOpPhIE OOBIYHO 3aKAaTBIBAIOTCS TIPU
OOJBIINX CTETEHAX 00XkKaTHs MpoKaTa. DTO BIMIET Ha (GOPMHUPOBAHUE TEMIIEPATYPHBIX TPAJUEHTOB
W MpOTEeKaHWe Tporecca AePopMUpoBaHus. PekoMeHIAIMM M0 TEPMHUYECKOW MpaBKE CTaTbHBIX
3aroTOBOK TONIIMHOM 6osiee 50 MM JTOJKHBI OBITh YTOYHEHBI IOMOTHUTENBHBIMHI HCCIIEI0BAHUSIMHU.

BbIBO/IbI

Tepmuueckass TpaBKa H3JIENUN SBISETCS AOCTYMHBIM M TEXHOJOTMYECKHM IPOLIECCOM
HCITPABJIICHUA (bOpMI)I CTAJIBHBIX 3aroTOBOK M JJIEMCHTOB KOHCpr1(HPII71, U MOXCET IMPUMCHATHCA
NPAKTUYECKH B JIOOBIX MOHT@XHBIX yCIOBHAX. [IpyM HCHONB30BaHUU  OOILIEH3BECTHBIX
pEeKOMEHJalui 10 HCHpPaBICHUIO JePeKTOB (OpMbI B HUX HYKHO BHOCHUTh YTOYHEHHS B
TEXHOJIOTHIO 00PaOOTKHU MPH TOJIIMHE 3ar0TOBOK Ooiiee 50 MM.
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TEPMIYHE JJE@GOPMYBAHHS TOBCTOJIMCTOBUX KOHCTPYKIIN

B memanypeitinux i 36aprosanvnux mexHonociax icHye npobiema mennogoi odepopmayii
cmanesux 6upoobis. 3mina gopmu upoby HaA8iMb HA HesenUKil OLIAHYI poOOYOi noBepXHi Modice
3HAYHO BNAUHYMU HA KOPEKMHICMb BUKOHAHHSA MEXHON02I 1020 GUKOPUCMAHHA, d MAKONC HA
CAYHCOOBI Xapakmepucmuxku ma mepmin 1oeo cayxcou. s niksioayii 3arumkosux oegopmayiil 6
cmanesux 3a20miekax po3pooneHi peKomMeHoayii 3 UKOPUCMAHHAM NPUHYUNIE MePMIYHOT NPABKU.
Ilpome 6 Hux He KOHKpPemu308aHi MAKCUMANbHI PO3MIPU NO MOBWUHI 3A20MIBOK, SIKI MOJICYMb
BUKOPUCMOBYBAMUCA Ol  BUNPABLEHHS 2eoOMempudHux po3mipie. Ilpome na eupodHuymsi,
HANpuKiao, 6 MemanypeilHill eanysi, 6UHUKAE HeoOXiOHicmb eunpasumu Oegekmu Gopmu y
gupobdax 3naunoi moswunu. Haubinbuws ekoHOMIYHUM CROCOOOM € MepMiyHa NpasKda, Koau npoyec
3MiHU hopmu 3abe3nedyemuvcs 3a paxyHoxk micyesoco Hazpiey memany. B pesynomami onepayii
npasKu 3a pAaxyHoxk Micyegoi niacmuuHoi Oeghopmayii Moxciueo sabenevumu 3miHy Gopmu
JUCOBUX 3A20MIBOK, NPOPIiIbHO2O0 npokamy ma Hwux eupoois. Ilpu yvomy einvHi deghopmayii
Hazpimoi OLIAHKU 8UPODY 0OMeNHCeHi HABKONUWHIMU 001ACMAMU XOJN0OH020 Memdany, SKUl Mae
OIbUL BUCOKT MEXAHIYUHI 81ACMUBOCI, MOOMO MAE HAUDIILULY MiYHICMb | dHcopcmiicmb. Micyesuil
Hazpie noaym'sm 8upooie, wo 0ehopmyromscs, BUKOHYIOMb MaK, wob 6 Hazpimii 30Hi BUHUKIA
Hanpyea CMUCKY8aHHs, KA NOGUHHA Nepesuujumu medxcy niuHHocmi. B yvomy eunaoxy nicia
0X0I00JCEHHST  BUPOOY  8I00YBAEMbCS CKOPOUEHHS po3Mipie Haepimoi oinauku. I[lpu yvomy
Memanesa 3a20mi6Ka HA OLIAHYI HEPIBHOMIDHO20 HACPIBY NPAYIOE 6 PEeNCUMI «MEePMIUHO20
Oimemainyy», moomo mae 08a wapu 3 pi3HUMU BAACMUBOCMAMU | 8I0NOGIOHO - PIZHUM NOO0BIHCEHHAM
wapie. 3a paxyHok CMUCKy8aHHs Ha2pimoi OLNAHKY HABKOIUWHIMU XOJOOHUMU OLIAHKAMU came U
30ILICHIOEMbCSL npoyec naacmuynoi degpopmayii. B motl sce uac y @ioomux pexomeHOayisx He
BKA3VIOMbCS MeAHCT 3MIHU MOBWUHU 3A20MIBOK O/ MEPMIUHOI NpasKku, ma Npucmocy8aHHs
pexomenoayiti 0151 UP0o0OI6 3HAYHOT MOBUJUHUL.

Ananiz npoyecy mepmiuHo2o 0e@opmy8arHs NOKA3VE, WO HEOOXIOHO OOMPUMYBAMUCS
NeBH020 CNiBBIOHOWEHHS Midic 00'emMom Hazpimozo memany (opicHmosno 0o memnepamypu 650-
700°C) ma o6'emom HaskoMUWHLO20 OiNbUL XON0OHO20 Memany. i MUCMOBUX 3a20MIi6OK ye
CRIBBIOHOWIeHHS NpOCmiule 8Uupaj3camu yepe3 moswuHy Hazpimoi wacmunu 3aecomieku R1 ma ne
Haepimitl yacmuni Ry. Llinecnpsimosana oegopmayis memanesux 3a20mieivb MONCIUBA TulULe NPU
cnissionowenni Ri/Ry; = 0,1..0,25. 'V macusnux minax e6iobysacmocs Oe3nepepenull npoyec
BUPIBHIOBAHHS MeMNepamypu, i0N08IOHO 00 KIACUYHO20 PIBHAHHS MeNI0NPO8IOHOCHI.
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Tomy npu 6uKOpUCMAHHI 3A2ANbHOBIOOMUX PEKOMEHOAYIl N0 BUNPABIEHHIO OedeKmie
Gopmu 3a20migok 6 HUX mpeda HOCUMU YIMOUHEHHS 8 MEXHOA02i10 00pOOKU 01 MOBWUHU Oilblle
50 mm.

Kniouoei cnosa: mepmiuna npaska, nazpie 3a20miok, sunpasieHus opmu, degopmayii,
Micyesuti Hazpis.

Loza A. V., Rassokhin D. A., Nosovskyy B. I., Shishkin V. V.
THERMAL STRAIN OF HEAVY PLATE STRUCTURES

Thermal strain is often a big problem for iron and steel and welding processes. Any
alternations in a part’s shape even on a small section of the operating surface can have a sufficient
negative influence upon the precision of its technological application, as well as its operating
characteristics and its service life. In order to avoid residual strain in steel ingots there were
developed recommendations presuming the principles of thermal straightening. However, they lack
detailed elaboration of maximum dimensions of ingot lengths, that can be used for improvement of
geometric dimensions. Still, sometimes, in manufacturing practice, for example in iron and steel
industry, there may arise the need to clarify defects of shape of pieces with considerable thickness.
Thermal straightening is understood to be the most economical method, because there the process
of alternation of shape is ensured by means of local metal heating. As a result of the strengthening
operation it is possible to ensure deformation of plate ingots, rolled sections and other parts by
means of plastic strain, thermal expansion of the heated section of the part being limited by the
adjoining areas of cold metal, possessing superior mechanical properties, i.e. higher strength and
toughness. Local heating with flame of strained parts is performed in such a way so that
compression strain should appear inside the heated area, what is likely to exceed the yield point in
this case the heated section will diminish its dimensions after the part cooling. At that the metal
ingot acts in the section of uneven heating in the mode of «thermal bimetaly, i.e. it possesses two
layers with different properties and hence it has different elongation of the layers. Due to
compression of the heated section by the adjoining cooler sections the process of thermal strain is
performed. At the same time the existing recommendations do not specify the limits of alternations
of ingots thicknesses for thermal straightening as well as the applicability of such recommendations
for parts with considerable length.

The analysis s shows that a certain relationship between the volume of heated metal
(approximately up to 650-700 °C) and the volume of the adjoining cooler metal is to be observed.
For plates this relation can be more easily expressed through thicknesses of the heated section of R,
rather than through the heated section of R,. Purposeful straining of metal ingots is possible only at
Ri1/R, =0,1...0,25. In massive bodies continuous process of temperature equalization goes on, in
accordance of the classical equation of heat conductivity.

So, for application of well-known recommendations, regarding of defects of ingots shape

some adjustments should be applied for treatment of thicknesses exceeding 50mm.
Keywords: thermals rationing in gots heating, correction of shape, deformations, local
heating.
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