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Annotanus. [IpuBeneHsl pe3ynbTaThl HCCIEI0BAHUS BIUSIHUS PEKUMOB CBAPKH C ITOCIEAYIOIEH H30TepMUIECKON
BBIJICP’KKOM 00pa3LioB M3 PEIbCOBOI CTallM, TPOM3BOANMOH ITyTE€M IPOITyCKaHHS UMITYJIbCOB TIEPEMEHHOTO AIICKTPHYE-
CKOT0O TOKa rocie cBapku. CBapka 00pa3IoB IIPOU3BOAMIACH B TAOOPATOPHBIX YCIOBHAX Ha MOAECPHU3MPOBAHHON Ma-
IIUHE 71 KOHTAKTHON CTBhIKOBO# cBapku MC-2008M.

Ha ocHoBaHuM JaHHBIX J1a0OPAaTOPHBIX MCCIIEAOBaHUI pa3paboTaH criocod KOHTAKTHOW CTHIKOBOW CBapKH, 3allH-
eHHbIH matenToM P®, mo3Bossttomuii noryyaTs CBapHOE COEANHEHUE U3JICITUIA U3 PEIbCOBON CTallM C pAaBHOMEPHBIM
pacripesielieHieM TBEpAOCTH W MaJIOH 30HOM TEPMUYECKOTO BIMSHHS, YIOBJIETBOPSIOMMH pa3paO0TaHHBIM TEXHHYE-
ckuM tpeboarnsiM AO EBPA3 3CMK k mepcrieKTHBHOMY CBapHOMY CTHIKOBOMY COSAMHEHHIO penbcoB P65 katero-
pum JIT350. Ipeanaraemslii cioco0 mMo3BOJISET MPOU3BOANTE PETYIUPOBAHNE CTPYKTYPHI CBAPHOTO COSAWHEHHS Pelb-
COB, He TIpuberast K JOMOJHUTEILHON JTIOKAIBHON TepMuieckorr oOpaboTke.

KaioueBble ci10Ba: xesie3HOIOPOKHBIE PENICHI; PENIbCOBAsI CTajlb; KOHTAKTHAs CTHIKOBAsi CBapKa; KaueCTBO CBap-
HOTO CTBIK; CTPYKTYpa CBaPHOTO COEIMHEHHSI.
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B Poccun ocHoBHas YacTb penbcoB CBapMBaeTCs
3NEKTPOKOHTaKTHLIM criocobom [1, 2], npu aToM npo-
WCXOOUT HarpeB W HenpepbiBHOE OXnaXaeHwe Me-
Tanna B 3oHe TepMuyeckoro BnusHus (3TB). MNpuyem
B 3aBMCHMMOCTM OT XMMWYECKOro CocTaBa CcTanm Bblbu-
paeTcs TEXHOMOTMYECKUA NPOoLEeCC CBapku C MUCMOSb-
30BaHWEM CYLLECTBYIOLLMX METOAOB OMriaBneHns: He-
NPEepbLIBHOTO UKW NyNbCUPYOLLEro, onpeaensiowmx
NMHENHYIO BENMUYUHY N TemnepaTypHble nons B 3TB
CBapHOro cTbika [3, 4]. Beibop TennoBoro pexuma oc-
HOBaH Ha WCKIOYeHUn obpasoBaHusA CTPYKTYp 3a-
Kanku (mapteHcuta M 6einHuTta), Bbi3blBalOLMX [O-
MONHUTENbHbIE HanPsXeHWS U TPELUMHbI, KOTopble
NPUBOAAT K paspyLLeHWio penbcos [5]. B cBasu ¢ aTum
[6, 7] ocoboe 3HaueHne npuobpeTaeT paspaboTka pe-
XMMOB CBapKW >ene3HoOOPOXHbIX PernbCcoB ANS Bbl-
COKOCKOPOCTHbIX Maructpanen, W3roToBfeHHbIX W3
xpomucTbix ctanen 90XAD, 76XAD, 76XPD, 76XCP no
FOCT P 51685-2013.

M3BecTHO, YTO yBenuMyeHne cCoaepXKaHusi Xxpoma
B CTanu Bbi3biBaeT cMmelleHne BnpaBo C-obpasHbix
KPMBbIX Hayana W KoHua pacnaga aycTeHuta Ha
anarpamme U3oTepMMYECKOro pacnaga aycTeHuTa,
4YTO, B CBO O4yepedb, NPUBOOUT K CHIDKEHWUIO KpW-
TUYECKOW CKOPOCTU OXMaKOeHWs, Npu KOTOpPOW ay-
CTEHUT npeBpaLllaeTcs B MapTeHcuT [8, 9]. MNpwn ObI-

CTPOM HarpeBe CBapHOro CTbika, KOTOpbIA obecne-
YMBaeTCqd METOAOM MyrbCUMPYIOLLEro OMnaBrneHns u
nocrneayLwmMMm MHTEHCUBHBIM oxnaxaeHnem 3TB,
Ha MecTe MWKPOOOBHLEMOB C MOBbIWEHHBIM COAEp-
XaHuem xpoma, HuKens u yrnepoga dopmMmupyeTcs
BbICOKOMPOYHbINA CMON CO CTPYKTYPOW MapTeHcuTa.
Y4yactkn mapteHcuTa [5] urpatoT pornb KOHLUEeHTpa-
TOPOB HamnpsbkeHWss M NpuMBOAAT K 0BpasoBaHMio
OeeKkToB B CBApHbIX CTblkax (pasBuTue ycTanoct-
HbIX TPELLUMH B rOMoBKe, LIEeNKe 1M nogowse penbca
C XPYMKNUM N3FTIOMOM).

HdaHHas npobnema B npouecce W3roTOBIEHUS
BeccTbIKOBOro NyTu Mpu CBapke penbCcoB peluaeTcd
obsaszaTenbHON TepMmmnyeckon obpaboTkon CBapHOro
CTbika. TepMoobpaboTKy Npom3BoAAT C MOMOLLbIO
WHOYKUMOHHBIX YCTaHOBOK, 4YTO, B CBOK oOuvepefb,
yBenu4mBaeT 3atpaTbl. OTOT HEQOCTAaTOK Ha npak-
TMKe npegnaraeTcsa UcnpasBnsaTb COBMELLEHNEM He-
NpepLIBHOMO M NyNbCUPYHOLLEr0 METOAOB Onnasne-
HUSl, M3MEHEHWEM WHTEHCMBHOCTM Harpesa npu
CBapke W perynvpoBaHMEM CKOPOCTU OXMNaxaeHus
[6]. Mpu 3aTomM yacTM4HOE UCnonb3OBaHWE MeToAda
HenpepbIBHOMO ONMaBneHns MOXeT NPUBECTU K Mo-
ABMNEHUI0 OedeKToB CBapoOvHOro xapakrepa, npu-
CYLLIMX HEMPEPbIBHOMY OMNSiaBreHuto.
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OCHOBHOM MPOU3BOAUTENL PENIbCOBON NPOAYK-
umn AO “EBPAS3 3anagHo-Cubupckunin metannypru-
yeckun kombuHat (3CMK)” cchopmynupoBano Tex-
Hn4yeckne TpeboBaHMs K NepCnekTMBHOMY CBapHOMY
CTbIKOBOMY COeAMHeHMo penbcoB P65 kateropum
[T350, KoTOpble 3HAYNTENBHO NPEBOCXOAsT Tpebo-
BaHusl, ycTaHoBneHHble CTO PXKI 1.08.002-2009
“Penbcbl xene3Ho40pOXHbIe, CBApEHHbIE 3MEKTPO-
KOHTaKTHbIM cnocobom”. OaHMM n3 BaxHbIX Tpebo-
BaHWIN, KOTOPOE MpU CYLLECTBYHOLLEN TEXHOSOMMN He
pocTturaeTtcs, ABnsieTcst TBepaocTb meTanna B 3TB
penbcoB Ha MOBEPXHOCTWU KaTaHws, TBEPAOCTb He
[OoImKkHa oTnmnyaTbesa 6onee Yem Ha 10 % ot Tpebo-
BaHWi, ycTaHoBneHHbix TOCT P 51685-2013: Ha
rmybuHe 10 n 22 MM OT NMOBEPXHOCTW KaTaHWsi OHa
[OoImKkHa coctaenATb He meHee 270 HV. [nuHa 3TB ¢
MOHVPKEHHON TBEPOOCTHIO, M3Mepsaemasi Kak paccTosi-
HVe Mexady OBYMS KpavHMMK TOYKamu C TBEPAOCTbIO,
COOTBETCTBYIOLLIEN OCHOBHOMY MeTanny pernbca,
[OrKHa cocTaBnaTb He 6onee 10 MM. B MukpocTpyk-
Type cBapHoro coeguHeHuss n 3TB He gonyckaetcs
Hanuumne y4yacTKOB MapTeHcuTa u 6enHuTa.

B pabote [9] npeonoxeHo pelleHne AaHHOW
I'IpO6J'IeMbI C ucnonb3oBaHMeM npouecca KOHTaKT-
HOW CTLIKOBOW CBapKu OMNMaBfeHNEM penbCcoB Ha
obopynoBaHuM kKomnaHum Schlatter: ctaunoHapHom
penbcocBapodHon MawmuHe GAA100. TMonyyeHsl
TepMUYECKMe LUMKIbl CBApKU PEenbCOB C MOMOLLbIO
TepmMornap, YCTaHOBNEHHbIX Ha obpasue penbca
KOHOEeHcaToOpHOM cBapkon. [Npouecc pasgensoT Ha
Tpu aTana. NMepBbI 3Tan — pa3orpeB CBapMBaAEMBbIX
NOBEPXHOCTEN, BTOPON — paKkTuyeckas cBapka,
TpeTUA — OXNaXZeHue CBapHOro COeOUHEHMS.
[NepBbI 3Tan pasorpesa, B CBOKW ovepenb, Oendar
ewe Ha Tpu: 1 — “HamepeHHOe onnaenexHue”, 2 —
“npeaBapuTtenbHoe HarpeBaHue”, 3 “‘onnaene-
Hue”. BTopown aTan (hakTudecKkon cBapku SBNSETCS
ocagkoh nog TokoM. Bo Bpemsa nocnegHero
TpeTbero atana nocre CBapku MPUMEHSIETCs Tep-
Moob6paboTka NogobHO MpeaBapuUTENbHOMY MOAOT-
peBy ONA CHUXEHUA CKOPOCTU OXNnaaeHua nocne
CBapkMu — TMpOn3BOAAT MpOMycKaHne arnekTpuye-
CKOTO TOKa 4epe3 CBapHOW CTblK HECKOMBbKMMU UM-
nynscamu. [aHHble WMMynbCbl TOKa MpeaHasHa-
YeHbl NULLIb OS99 CHUKEHMWS CKOPOCTU OXMaXAEHUs U
UCKIMoYeHns1 0Opa3oBaHMsa 3aKanoyHbIX CTPYKTYp B
MeTarse CBapHOro CoeanHeHus.

B ycnoBusix Cnbmpckoro rocyaapCTBEHHOIO WH-
OyCTpuanbHOro yHmBepcuteTa paspaboTaH 3awum-
WeHHbIN nateHToM P® [10] anbTepHaTUBHbLIN CMNo-
cob pelweHnss npobnembl, KOTOPbI Npegnonaraet
nocrne ocagkM W OxfaxgeHus CBapHOro CTblika B
MOMEHT [OOCTUXEHUS Heobxooumon TemnepaTtypbl
yOepXKMBaTb 3agaHHyl0 TemnepaTypy nyTem npo-
NyCcKaHUs NMMYMbCOB MEPEMEHHOTO 3NIEKTPUYECKOrO
TOKa Yepes CBapHOW CTbIK. TemnepaTypa BblOep>KKU
BbIOMpaeTca mncxoga M3 nonyvyeHus bornee Mernko-
OucnepcHon CTPYKTypbl MeTanna wea. Bpems Bbl-
OEpXKn onpegensieTcd MHKyH6auMOHHbIM Nepruogom
obpasoBaHMs HEOOXOAMMOW CTPYKTYpbl U perynu-
pyeTcsi KONM4YeCcTBOM MMMYNbCOB Toka [11, 12].
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B paHHom paboTe npvBedeHbl uccregoBaHus No
BMMSHUIO PEXMMOB CBapKu C nocreayoLlen u3ortep-
MUWYECKOI BbIOEPKKON 00pasLIoB M3 penbCoOBON CTanm,
NpoM3BOAMMON MyTEM MNPOMYCKaHWS UMMyNbCOB mne-
PEMEHHOro 3MEKTPUYECKOro TOoKa MOcne CBapKu, Ha
Ka4eCTBEHHbIe MoKa3aTenu CBapHOro CTbIKa.

Ceapka o6pasuoB NpouM3BOAMTCS Ha MOOEPHU-
3MPOBaHHOM MallMHe [N KOHTaKTHOWM CTbIKOBOW
cBapkn MC-2008M. J3nekTpuyeckoe YCTPOMCTBO
MalUVHbl  OOMOMHWUTENBbHO CHabXeHO KOHTponne-
pOM, KOTOPbIA COEAMHEH C 3NeKTpoABuraTenem
npvBoda OMMaBfeHVs M OCadku 4Yepe3 KOHLEeBOW
BbIKMOYaTenb, YCTAHOBMNEHHbIV B GIIOKe KOHLEBbIX
BbIKNtoYaTenen w npegHasHaveHHbl Ons nogadn
curHana Ha KOHTponnep O Hayane atana Tepmoob-
paboTkn, a CO CBaApOYHbIM TPaHCOPMaTOPOM KOH-
Tponnep coeavHeH C MOMOLLbID CUMUCTOpa, KOTO-
pbii, B CBOI OYyepedb, COeAVMHEH C KOHTaKTOpOM
BKITHOYEHUSA CBAPOYHOro TOKAa NMpPW MOMOLLM KOHTaKT-
HOro perse, yCTaHOBMEHHOMo Ha penenHon naHenwu.
OTO NO3BOMNSET NPON3BOANTL U3OTEPMUYECKYHO Bbl-
OEpXKKy Mocrne OKOHYaHus CBapkwu. YnpasneHue pe-
XMMaMu OCYyLLECTBNSAETCA C NMOMOLLbIO NepcoHanb-
HOro KOMMboTEPA.

CeapouHasa mawmHa MC-2008M

v Y A
MNamepuTenbHbIA
KOMMneKkc AmnepMETp HotFind-D
Tempol
MK

Puc. 1. brok-cxema obopyoosanus

Fig. 1. Block-diagram of the equipment

[ns nonyyeHus wmHdOpMauMnM O TEepPMUYECKOM
BMWSHUWN Ha CTPYKTYpYy meTanna paspaboTaHa me-
ToAauka uamepeHus Temnepatyp B 3TB BO Bpems
cBapku. py 3TOM NPoOM3BOANTCH U3MEPEHUE CUIbI
CBapPOYHOro Toka AN ganbHewuwwen KoppeKTUPOBKY
pexvmoB. Cxema B3auMOOENCTBUSA UCMOMb3yeMOro
obopynoBaHus npueegeHa Ha puc. 1. Ana namepe-
HUs Temnepatypbl MeTanna B 3TB wcnonb3ytoTcs
Tepmonapbl XA (xpomenb-antomenesble). Coop u
obpaboTka AaHHbIX, MOMYyYeHHbIX OT Tepmonap,
NPOM3BOAMTCA C MOMOLLLID U3MEPUTENBLHOrO KOM-
nnekca Tempol. TemnepaTypa meTanna cBapHOro
WBa, rae HeT BO3MOXHOCTU YCTaHOBUTbL Tepmonapy,
nsmepsieTcs ¢ nomoLlbo Tennosusopa HotFind-D.

[ns noucka oNTUMAanbHbIX PEXUMOB CBapKu
npoBedeH MOMHbIA  (PakTOPHbIA  AKCMEPUMEHT
N = 2x3* (tabn. 1). WiccnegyembimMm napameTpamm
ABMNAMUCH:
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X| — BpeMs oxnaxgeHus nocrne ocagku, xapak-
Tepu3yeTcss CKOPOCTbIO OxNnaxpaeHus (cTeneHb ne-
peoxnaxaeHus aycteHuTa) U Temnepatypon 1), 4O
KOTOPOW NPOMUCXOAUT OXIaKaeHue;

X, — BpeMmsi NOAOorpeBa, xapakTepusyeTcs Tem-
nepaTypow T», 4O KOTOPOW NPOUCXOAUT Harpes;

X; — Bpems oxnaxaeHusi nocne nogorpesa, xa-
pakTepusyeTtca Temnepatypoun T, 4O KOTOPOW Mpo-
NCXOOUT OXNaxaeHue;

X4 — KOMMYeCcTBO MMNYIbCOB MOAOIPEBa, Xapak-
TepusyeTcs UHKyBauMOHHBLIM NepnoaoM npespalLe-
HUS ayCTeHWTa B NepnuT.

OnuTensHOCTE BbIAEPXKKM X, Heobxoammo no-
pobpatb Takum obpasom, 4Tobbl CBapHOM CThbIK OC-
ThIfT 4O 3HA4YeHUW TemnepaTypbl, NPM KOTOPOW 00-
pasyeTcsa Heobxogumasa CTpyKTypa MeTanna Lisa.
MmMnynbcbl NnponyckaHWs Toka 3agasBanuncb C onpe-
OeneHHbIM WHTepBanom. [nuTenbHOCTb MMMynbca
X, onpegenseTcd TemnepaTypon CBapHOro CTblka,
KoTopasi He OOSMKHA MOAHUMATLCH BbIlLE 3HAYEHUN
Temnepatyp, Tpebyembix Ans obpasoBaHus Heob-
XOAMMOW CTPYKTYpbl. OnuTenbHOCTb uHTepBana X;
noabupaetca Takum obpasom, 4Tobbl TemMnepatypa
CBapHOro CTblka HE oOnyckanacb HWXe 3HavYeHwui
TemnepaTyp, npu KoTopbix obpasdyeTcd Heobxoau-
Masa CcTpykTypa meTtanna wsa. KonuyectBoM wm-
nynbcoB X, 3afjaeTcs BpeMms, B TeYEeHUe KOTOPOro
noadepxmBaeTca cpefHsis TemnepaTypa CBapHOro
CTblka, Heobxoanmasa ana dopmupoBaHus Tpebye-
MOW CTPYKTYpbI NPpKN CBapke.

Boipeska obpasuoB pasmepoM 90x30x10 mm c
M3BECTHbIM XMMWYECKMM cocTaBoM (Tabn. 2) ocy-
LLeCTBNANAack M3 rofioBKU penbcoBoro npoduns. B
AanbHenwem nNpou3BOAMIAach KOHTAKTHAs CTbIKO-
Bas CBapka Ha MOAepHU3MpoBaHHOW MaluvHe MC-
2008M npu pasnuyHbIX pexumax COorflacHo uccre-
ayemon matpuue. lNocne cHATMSA rpaTa Npou3Boau-
nocb u3MepeHwe TBepaocTU. TBepaoCcTb M3ydae-
MbIX 06pa3LoB M3MepsAnacb C MOMOLLbLIO TBEpAo-
mepa Y3UT-3. Janee obGpa3supbl paspesanucb nep-
NeHAMKYNSpHO CBapHOMY LWBY Ha pfABa obpasua
3NEKTPO3PO3MOHHLIM CMOCOBOM Ha 3NEKTPOIPO3M-

OHHOM MpPOBOMOYHO-BLIPE3HOM CcTaHke c UYI1Y
ctpynHoro tuna OK7732 M11. U3 ogHoro obpasua
BolTaumBanu no NOCT 1497-84 uumnuHppuyeckne
o6pasubl Tuna lll Ne 6 ¢ pacyeTHown anuHon pabo-
yer yactn 30 mm. BTopon obpasel, rotoBunca ang
MeTannorpaguyeckoro aHanu3a Ha HemeTannuye-
CKME BKIMIOYEHUS U MUKPOCTPYKTYPY CBapHOro co-
eaonHeHus. ViccnegosaHne NpoBOAWAM C NMOMOLLbIO
onTuyeckoro mukpockona Olympus GX-51 B cBeT-
nom none npu gnanasoHe ysenudexnun B 100—-1000
KpaT nocne TpaBfeHUss B CNUPTOBOM pacTBOpe
a3oTHOM kucnotbl. MMKpOTBEPAOCTL U3Mepsanach ¢
nomoubo MukpoTeepgomepa HVS-1000.

TABJIALA 1. MATPUIIA ILIAHUPOBAHUSI
SKCHEPUMEHTOB N = 2x3%

TABLE 1. MATRIX OF EXPERIMENTS PLANNING

N =2x3*

Homep 3nayenne pakTopa

obpasua X, ¢ Xy, ¢ X, ¢ X,
1 25 0,4 20 2
2 25 0,2 15 3
3 20 0,2 10 2
4 20 0,2 20 4
5 20 0,4 15 4
6 20 0,4 10 3
7 20 0,6 20 3
8 25 0,6 10 4
9 20 0,6 15 2

B Tabn. 3 npeacraeneHbl pe3ynbTaTbl 3KCNepu-
MeHTa U nonyveHHble (PU3MKo-MexaHNYeckue CBOn-
cTBa obpasuoB. Kpome Toro, npoBeaeH pacyet oT-
KNMOHEHW TBEPAOCTU OTHOCUTENbHO TpeboBaHWN,
yctaHoBneHHblx TOCT P 51685-2013 Ha nosepx-
HOCTW CBapHOro coeguHeHus obpasLoB: NMOHMKEHNE
TBEepaoCtT Ani, = (350HB — HB,,;,)/350HBx100 % wn
nosbilleHne  TBepaoCtTM  An.e =  (HBnax
— 350HB)/350HBx100 %, cymmapHOe OTKIIOHEeHue
TBepOoCT” A = Apin + Amax, %0.

TABJINLA 3. PE3YJBTATBI DKCHEPUMEHTA

TABLE 3. RESULTS OF THE EXPERIMENT

Homep HB.. HB Amins Amaxs A, % IpoTsizkeHHOCTH Gy, Gy, 5. % o Hagwame
oGpasua min max o, o, s Y0 3TB, Mm Hie | Hiv? 5, Yo v, % HeMeTaITHYeCKUX
BKJII0YEHHiT

1 290 414 17,40 18,29 | 35,69 10,0 660 990 32 4.4 +

2 297 364 15,20 3,90 19,1 6,5 650 750 1,7 4,7 +

3 322 370 8,00 5,81 13,81 6,0 530 570 1,2 3,6 +

4 326 385 6,85 10,00 | 17,43 5,0 720 870 0,4 43 +

5 279 364 20,23 4,00 24,23 16,0 800 810 1,2 4,3 +

6 280 391 20,00 11,71 | 31,71 16,0 770 980 1,5 49 +

7 264 404 24,48 15,33 | 39,81 20,0 880 1080 2,8 5,7 -

8 319 601 8,76 71,83 | 80,59 26,0 970 1010 1,2 5,0 -

9 281 378 19,71 8,00 27,71 17,0 — 465 0,8 3.8 +
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B paHHOM paboTe npuBedeHbl pesynbTaTbl UC-
crnegoBaHMn No Asym obpasuam: obpasewn Ne 8 — ¢
PEXVMOM CBapku, HEe yOOBIETBOPSAOLNM TEXHUYE-
Ckum TpeboBaHusiM, 1 obpasel, Ne 4 — ¢ pexxMMoM
CBapku, YOOBNETBOPSNLIMM TEXHUYECKMM Tpebo-
BaHuAM (puc. 2 n 3). CnegyeT oTMETUTL, YTO obpa-
3ey Ne 4 cooTBeTCTBYET nokasaTtensM TBEPAOCTU
meTtanna B 3TB un He otnnyaetcs Gonee yYem Ha
10 % ot TpeboBaHui, paspaboTtaHHbix AO EBPA3
3CMK. OnnHa 3TB ¢ NoHWXeHHOW TBEPAOCTbIO, 13-

MepsaeMas Kak paccTostHue mexay OBYMS KpanHUMu
TOYKaMU C TBEPOOCTbHO, COOTBETCTBYHOLLEN OCHOB-
HOMYy MeTanny penbca, He npesblwaetr 10 mm. B
MWKPOCTPYKTYpe cBapHoro coeaunHeHus n 3TB Het
y4acTKoB MapTeHcuTa u beriHuta. Obpasey Ne 8 He
yAOBNeTBOpSeT AaHHbIM TpeboBaHusiM, B MeTarnrne
wea 1 3TB npucyTCTBYET CTPYKTypa MapTeEHCUTa n
OeliHuTa, a no TBepagoctM Metann B 3TB otnnya-
etca 6onee yem Ha 10 % OT yCTaHOBMEHHbIX Tpe-
toBaHun.

HB  HV
920~ 940 q
8s0— 920 5
840 880 - o 1 T
800— 820 . I\ ¢ i
760 780 1 o A
720— 740 P 4 R
680— 700 HY - ' 3 \
640— 660 o | y X
00— 620 - - X | o A .
560— 580 o0 ) © . LU
520~ 540 Yo AR
480 500 A FE U B T -
as0-| 460 e W " . IR
a0 420 d™, o
60— 380 LA - N PO SN
320— 340 je=° 0 &7 °
280— 300 = e
240 — 260 :
2004 220 - e
-30 -28 -26 -24 22 -20 -18-16 14 -12 10 -8 6 -4 -2 0 2 4
TN e
x100 5
x500
x1000 §
x100 -

Puc. 2. Pacnpeodenenue meepoocmu, MUKpOMEEPOOCHIU, HEMEMANIUYECKUX SKIFOUEHUL U CIPYKNTYPbl
6 ceapHom coedunenuu oopasya Ne 8

Fig. 2. Distribution of hardness, microhardness, nonmetallic inclusions and structure in the welding joint of specimen No. 8
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Puc. 3. Pacnpedenenue meepoocmu, MUKpOmseepooCmu, HEMemaiiuieckux KI0YeHUll U CmpyKmypol
6 ceapHoM coeounenuu obpasya Ne 4

Fig. 3. Distribution of hardness, microhardness, nonmetallic inclusions and structure in the welding joint of specimen No. 4

PesynbTaTbl MexaHWU4YeckMX WCMbITAHUIA MoKa-
3anu, 4To Y BCeX CBapHbIX COEAUHEHW Habnoga-
I0TCS HM3KME NNacTMYeckMe CBOWCTBA, KOTOpble
06BbACHATCA NMMBO HanMuMem 3aKanoYHbIX CTPYK-

Typ MeTanna (obpasubl Ne 5-9), nnbo ckonneHnem
HeMeTanmnMyeckux BKMYEHUA B 30HE CBApHOro
wea (obpasubl Ne 1-4).

BbiBoabl

1. PaspaboTaH, 3awuiieHHbIn naTteHTom PO
crnoco® KOHTaKTHOWM CTbikoBOM cBapku [10], no3eo-
NSAWWA nonyyaTb CBaApHOE COeAWHEHVE U3aenui
U3 penbCcoBOW CTanu C paBHOMEPHbLIM pacnpeaene-
Huem TBepgoctu u manon 3TB, ygoBneTBopsito-
LWMMK pa3paboTaHHbIM TEXHUYEeCKUM TpeboBaHMAM
AO EBPA3 3CMK Kk nepcrnekTMBHOMY CBapHOMY

BIOJINIETEHb «YEPHASI METAJIITYPI USI» » 8 2018

CTbIKOBOMY COeAMHeHU0 penbcoB P65 kateropum
OT350.

2. MNpegnaraembin cnocob nNo3BonsieT NPou3Bo-
OWTb perynupoBaHue CTPYKTYpbl CBapHOro coeam-
HeHUs1 penbcoB, He npuberasi K AOMNONHUTENBHON
noKarnbHOW TepMuyeckorn obpaboTke.
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DEVELOPMENT OF A NEW TECHNOLOGY OF WELDING OF HIGH SPEED MOVEMENT RAILS

N. A. KOZYREV, HD (Tech), Head of Dpt of materials science, foundry and welding, kozyrev_na@mtsp.sibsiu.ru;
R. A. SHEVCHENKO, postgraduate of Dpt of materials science, foundry and welding;

R. E. KRYUKOV, PhD (Tech), Associate Professor of Dpt of materials science, foundry and welding;

A. A. USOL’TSEV, PhD (Tech), Associate Professor of Dpt of materials science, foundry and welding

(Siberian State Industrial University, Russia, Novokuznetsk)

Abstract. Results of the study of welding modes influence following isothermal exposure of rail steel samples, made by
admission of alternative current pulses after the welding quoted. The welding of the samples was made under laboratory conditions
using the modernized machine for contact joint welding MC-2008M.

Based on laboratory study data a method of contact joint welding, protected by a RF patent, was developed, enabling to obtain a
welding connection of parts made of rail steel with uniform hardness distribution and small zone of thermal influence, meeting the
elaborated by JSC EVRAZ ZSMK technical specifications for perspective welded joint connection of R65 rails of DT350 category.
The proposed method enables to control the structure of welded rails connection without additional local thermal treatment.

Key words: railway rails; rail steel; contact joint welding; quality of welded joint; structure of welded connection.

For citation: Kozyrev N.A., Shevchenko R.A., Kryukov R.E., Usol’tsev A.A. Development of a new technology of welding of
high speed movement rails. Chernaya metallurgiya. Byulleten nauchno-tehnicheskoj i ekonomicheskoj informacii = Ferrous

metallurgy. Bulletin of scientific, technical and economic information, 2018, no. 8, pp. C. 50-57. (In Russ.).
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