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TEMATUKA U KPATKASI AHHOTALIUA HAYYHbIX CTATEW
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BIUAHUE YNIbTPA3BYKOBbIX KONEEAHUIA HA MPONTABNAIOLLYIO CMOCOBHOCTb AYTU

NEPEMEHHOIO TOKA*

UccnedosaHo enusHUe Yyacmombl U MOWHOCMU Yibmpa3sykosbix KonebaHul, eo30elicmeyoujux Ha
dyay nepeMeHH020 MoKa, Ha ee nponsnasnsauyl cnocobHocms. [oka3aHo, Ymo napamempbi nponsasneHud,
8bINOMTHEHHbIX C 8030elicmeuemM Ha Oyey Yibmpa3ssykosbix KonebaHul, 3Ha4umernbHO NPesocxodsm makoeble
6e3 npumeHeHusi Y3K Ha mobbix pexumax (8 Cryyae nNPUMEHEHUs PEe30HaHCHbIX yYacmom 2nybuHa
nponnagneHus nosbiwaemcs 8 2,4 pasa, wupuHa — 0o 1,5 pa3).

KnioyeBble cnoBa: HEMMaBSLLMIACA 3NEKTPOS, YbTpa3BykoBble konebanus, rnybruHa nponnasneHns

The influence of the frequency and power of ultrasonic vibrations acting on an alternating current arc on
its melting ability has been studied. It has been shown that the parameters of penetrations performed with the
influence of ultrasonic vibrations on the arc are significantly superior to those without the use of ultrasonic testing
in any mode (in the case of using resonant frequencies, the depth of penetration increases by 2.4 times, the width
by up to 1.5 times).

Keywords: non-consumable electrode, ultrasonic vibrations, penetration depth
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WCCNEQOBAHUE MUKPOCTPYKTYPbI COEOMHEHWUM CMNIABA 3718, NONYYEHHbLIX AYFOBbIMU
CNOCOBAMU CBAPKU

B craTbe npeacTaBneHo uccrnefoBaHe MUKPOCTPYKTYPbl CBApHOMO LBA M OKOMOLWOBHOW 30HbI (OLU3)
coeauHeHnin cnnasa Ol718 TonwmHon 4 MM, nonydveHHbIX py4Hon TIG-cBapkon (CBapka HennaBALMMCS
9NeKTpoaOM B aproHe) u pobotusmpoBaHHon GMA cBapkoW (CBapka MiaBALWWMMCS SMEKTPOLOM B aproHe) ¢
nonepeyHbiMi  konebaHuaMin anektpoga. [laHHble 3HEeprognCnepCUOHHOM PEHTTEHOBCKOM  CMEKTPOCKOMWM
nokasanu, 4to B OLL3 cBapHbIX COeAMHEHWIA, NOSTYYEHHbIX KaK ABYXNpoxoaHom ceapkoit GMA ceapkoi, Tak u TIG
CBapko B Tpu mpoxopa, Bblgenswtces kapbuabl tina MxCy v YacTuubl SpKO BbipaxeHHble 6enble YacTuubl
pas3mepoM 5—7 MKM. [1ogo6HbIX SpKko BbipaxeHHbIx YacTul B OLLU3 cBapHbIX CoeanHEHWA Npu OSHOMPOXOAHON
CBapKke BbISIBUTb HE yAanocb. B cBapHOM coeduHeHuu, nonyveHHom TIG-cBapkow, B pesynbTaTe U3y4YeHus
MakpoLunmda Bbinu obHapyxeHbl AedekTbl TUNa «nopa» B KOPHe LLBaA.

KnioueBble cnoBa: umnynbcHas GMA-cBapka, pyyHas TIG-cBapka, KaponpouHblii HUKENeBbIi crnas
Ol718, ceapoyHass nposonoka 3M1533, meTannorpaduyeckun aHanua, CBapka, SHEpProancnepCuoHHas
peHTreHoBckas cnektpockonus (EDXS), ucnbitaHns cBapHbIX COEAUHEHUI HA pacTsKEHUE

The article presents a study of the microstructure of the weld and near-affected zone (NAZ) of 4 mm thick
EP718 alloy joints produced by manual TIG welding (welding with a non-consumable electrode in argon) and
robotic GMA welding (welding with a consumable electrode in argon) with transverse vibrations of the electrode.
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EDXS analysis data showed that particles of the MxCy carbides and particles pronounced white parts in size of 5-
7 um are released in the NAZ of welded joints obtained by both double-pass GMA welding and three-pass TIG
welding. It was not possible to identify such pronounced particles in the NAZ of welded joints during single-pass
welding. As a result of studying a macrosection in a welded joint produced by TIG welding were discovered pore
defects at the root of the weld.

Keywords: pulsed GMA welding, manual TIG welding, heat-resistant nickel alloy EP718, welding wire
EP533, metallographic analysis, welding, energy-dispersive X-ray spectroscopy (EDXS), tensile testing of welded
joints
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OCTATOYHbIE HANPAXEHUA U AHU3OTPOMUA MUKPOCTPYKTYPbI MPU PA3NTUYHBIX
TEXHONOrMAX NOABOAHON MOKPOW CBAPKWU HU3KONErMPOBAHHOW CTANK
Pykonucb colepxum pe3yrbmambi ucciedosaHull 0CmamoyHbIX HanpskeHul, MUKpoCmpykmypbl U
meepdocmu npu no080OHOU MOKPOU c8apke HuskoneaupogaHHol cmanu D40 ¢ npumeHeHuem eppumHol
nopowkosol nposonoku [1MC-Al/12. UccnedosaHo npodonibHOE U NONepeyHoe nose HanpPsKeHUU CrOXHOU
KOHGbu2ypauuu ¢ MUHUMYMOM 8 UeHmpe wea U MakCUMyMOM Ha 2paHule wea C 8efuyuHol ebiwe npedena
meky4ecmu cmanu. MccnedogaHo 20pU30HMasbHOE U 8epmukarnbHoe pacnpedeneHue Mukpomeepdocmu wea u
30HbI MEPMUYECKO20 B/IUSIHUSA, KOMOPOe UMeem MakCUMyM Ha epaHuue Wea. YcmaHoerneHa 3asucuMocmb
MexQy  MUKpOCMPYKmypHOU — aHusomponuell 8 NONEepeYyHoM CeyeHuu wea, Mukpomeepdocmbio U
pacnpedeneHueM HanpskeHul. pumeHeHue nodozpesa u mepMou3oIAYUU NO3BOUSIO CHU3UMb 0CMamoYHbIe
HanpsKeHusi, Mukpomeepdocmb U CMeneHb MUKPOCMPYKMYPHOU aHU30mponuu wea U 30HbI MepMUYeCcK020
8/TUSHUSI.
KntoueBble cnoBa: nogBogHas Mokpasi cBapka, HWU3KONerpoBaHHas CTanb, OCTAaTOYHbIE HAMPSHKEHUS,
MUKPOCTPYKTYpa, TBEPAOCTb, NOAOrPEB
The manuscript contains the results of studies of residual stresses, microstructure and hardness during
underwater wet welding of low-alloy steel D40 using ferritic flux-cored wire PPS-APL2. The longitudinal and
transverse stress field of a complex configuration with a minimum in the center of the weld and a maximum at the
weld boundary with a value above the yield strength of the steel was studied. The horizontal and vertical
distribution of microhardness of the weld and the heat-affected zone, which has a maximum at the weld boundary,
was studied. The relationship between microstructural anisotropy in the cross section of the weld, microhardness
and stress distribution has been established. The use of heating and thermal insulation made it possible to reduce
residual stresses, microhardness and the degree of microstructural anisotropy of the weld and the heat-affected
Zone.
Keywords: underwater wet welding, low-alloy steel, residual stresses, microstructure, hardness, heating
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OLIEHKA NMPOYHOCTMN KPECTOOBPA3HbIX CBAPHbIX COEAWHEHWUIN BbICOKOMPOYHbIX CTANEN C
FEOMETPUYECKOW HEOQHOPOLOHOCTbIO HA OCHOBE NTMHEMHOW MEXAHWUKWU PA3PYLLEHWA*
BbicokonpoyHble cmanu & cumy Manol naacmuyHocmu 6 C8apHbIX COeOUHEHUSX GeMOHCmpupyrom
nogedeHue, bruskoe K xpynkomy, ymo mpebyem bonee demarnbH020 npedcmasnieHus O 8/USHUU OCHOBHbIX
2eomempuyeckux napamempos CcoeQuHeHusi, eKmoyas Oepekm muna Henpoeapa, Ha  BENUYUHbI
K03ghehuyueHmMo8 UHMEHCUBHOCMU HanPsKeHUU 8 pamkax fuHelHolU mexaHuku paspyweHus (JIMP). B pabome
paccMompeH criyyall pacmsikeHusi KpecmoobpasHo20 COeAUHEHUS C Henpo8apoM C aHaru30M HanpsXXeHHo20
COCMOSIHUSI C NOMOWbI0 MemoOa KoHeuHblx 3nemeHmos (MK3). [ns npakmuyecko2o ucCnonb3o8aHust
pe3ynbmamog npednoxeHbl Pe2PEeCCUOHHbIE 3a8UCUMOCMU, C8s3blsatoljue Ko3aghguyueHm UHMeHcUsHoCcmu
HanpsxeHusi (KMH) ¢ ceomempudeckumu napamempamu.
KnioyeBble cnoBa: KpectoobpasHble CBapHble COEAMHEHUS, KOIPPUUNEHT  MHTEHCUBHOCTU
HanpsHKeHWM, MeTOA KOHEYHbIX 3rIEMEHTOB
High-strength steels, due to their low ductility in welded joints, exhibit behavior close to brittle, which
requires a more detailed understanding of the influence of the basic geometric parameters of the joint, including a
defect of the non-welding type, on the stress intensity factor in the theory of linear fracture mechanics. In this
article, the case of stretching a cruciform welded joint with non-welded areas with stress state analysis using the
finite element method (FEM) is considered. For practical use of the results, regression models are proposed to
determine stress intensity factors depending on geometric parameters.
Keywords: cruciform welded joint, stress intensity factor, finite element method
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WHCTPYMEHTANBHOW CTANK 40X13
B xode nposedeHH020 aKkchepumeHma Obinu onpedenieHbl 3Ha4YeHUs MakcuMarbHOU MeHO8EHHOU
cKkopocmu pacnpocmpaHeHus ydapHol 801HbI U aerieHus yO0apHOU 807THbI UMNYbCHO20 ONMUYECK020 paspsida
KaKk ¢ghakmopos, enusowux Ha fasepHoe ynpoyHeHue. [JuHamuka obpasosaHusi y0apHOU 807HbI 3a8ucum om
CKOpoCMU U UHMEHCUBHOCMU pacnpoCmpaHsowWe20cs 1a3epHo20 UMNnynbca. Omo 03Hayaem, 4Ymo npu
onpedenieHHbIX ycrnosusix 0asfieHue U CKOpoCMb pacnpocmpaHeHusi y0apHOU B0/HbI 8MUSIOM Ha Cumy, C
Komopol OHa e030elicmgyem Ha NOBEPXHOCMb Memarnnuyeckux Mamepuanos. Takxe cnedyem yyecmb
8/1UsIHUE Ucnorb3yemoll cpedbi 8 Npouecce UMNYIbCHO20 ONMUYECK020 pa3psoa.
KnioueBble cnoBa: yaapHas BOMHa, MEAWUUMHCKUA WHCTPYMEHT, WMMYMbCHbIA ONTUYECKUA paspss,
nasep
In the course of the experiment, the values of the maximum instantaneous velocity of shock wave
propagation and the pressure of the shock wave of a pulsed optical discharge were determined as factors
affecting laser hardening. This means that under certain conditions, the pressure and speed of the shock wave
affect the force with which it acts on the surface of metallic materials. The influence of the medium used during
the pulsed optical discharge process should also be taken into account. The purpose of the experiment was to
determine the highest instantaneous speed of shock wave propagation and pressure as factors influencing laser
hardening.
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K BOMNPOCY NMOBbIWEHUA TOYHOCTU NPU NCMONb3OBAHUW OYIrOBbIX OATYUKOB ANA
NO3NLUMOHUPOBAHUA NIABALWErOCA ANEKTPOOA B PA3AENKE
O0HoU  u3 eaxHelwux npobnem asmomamu3ayuu u pobomusayuu €8apOYyHO20 npou3sodcmea
Ansromes npobrembl OpueHmayusi c8apoyHoU 20perku OMHOCUMeENbHO cmbika. [ns peweHus amol 3a0aqyu 8
kayecmse damyuka Moxem bbimb ucnonb308aHa ceapoyHas 0yea. MccnedosaHue 803MOXHOCMU darbHeliwe20
NOBbIWEHUS1 MOYHOCMU NO3ULUOHUPO8aHUS anekmpoda 6 pa3desike, npu cgapke ¢ KonebaHusMU nnassawe2ocs
aniekmpoda & pasdefike BbINOMHANMU C UCNOMb308aHUEM Memo0d0o8 MamemMamuyecko2o MOoOenuposaHusi
npoueccos, npomekaowux 8 KOHMype «UCMOYHUK numaHusi-Oyea- nnasawulicss 3nekmpod». YcmaHoeneHa
3a8UCUMOCMb CUEHana CMeWeHus 3riekmpoda 8 Cmbike, 8bI0ENAEeMO20 U3 CU2Haro8 moka U HanpsxeHus dyau
ha308bIM OemeKkmopoM, om pexuma ceapku. [TokasaHo, Ymo 3HaKk cusHana ycmolduso coxpaHsiemcsl npu
USMEHEHUU KaK napamempos8 nonepeyHbix KonmebaHull, mak U pexuma CeapKu, Ymo no3eossiem yCcnewHo
ucnonb308ame 3mom ¢nocob 0519 ynpagneHus O8UXEHUEM 20PETKU.
KnioyeBble cnoBa: [yroBas CBapka, NNaBAWMMCH SMNEKTPOAOM, MO3ULIMOHMPOBAHWE arekTpoda B
pasgaenke, AyroBon faTymuk
One of the most important problems in the automation and robotisation of welding processes is the
positioning of the welding torch towards the joint. To solve this task, a welding arc can be used as a sensor.
Research on the possibility of further improvement of the positioning accuracy of the electrode in the groove,
while welding with oscillation using the consumable electrode was carried out applying methods of mathematical
modelling of the processes occurring in the process loop "power source - arc - consumable electrode”. The
dependence of the electrode offset signal in the joint, emitted from the current and arc voltage signals by the
phase discriminator, on the welding mode has been determined. It is shown that the sign of the signal is stable
when changing both the parameters of transverse oscillations and the welding mode, which makes it possible to
successfully use this method for controlling the torch motion. It is shown that the signal is consistently maintained
when both the transverse oscillation parameters and the welding mode are changed, which makes it possible to
successfully use this method for controlling the torch motion.
Keywords: arc welding, consumable electrode, electrode positioning in the groove, arc sensor
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B pabome npedcmasereHbl pesynbmambi OueHKU aghpekmusHo20 Kl npouecca umnynbcHO-0y20800
Hannasku anekmpodom 31533 duamempom 1 mm. OcywecmeneHo cpagHeHue apgpekmusHo2o K1/
pa3pabomaHHbIX aemopamu PexumMos C pexumMamu Hannaeku co CcmpyUHbIM KanienepeHocoM U ¢
npedycmaHosneHHbIMU pexumMamu O ayCmeHUMHbIX 311eKmMpPoOHbIX npogonoK. [lpogedeHa cpagHUMenbHas
OUeHKa kayecmea HannaeneHHbIX 8anukos no ¢hopme U N0 nomepsm Memanna. B 3aknwyeHue npusedeHa
OUEHKa NO20HHOU 3Hepauu npu cgapke npogosokol 31533 xaponpoyHo2o Hukenegoeo cnnasa 31718
monujuHol 3 MM C ymo4HeHHbIM 3hpekmusHbiM Kl no cpagHeHu ¢ peKkoMeHOyeMbIMU pexumamu.
[TokasaHo, Ymo npumeHeHue pa3pabomaHHbIX PEXUMO8 N038osem CHU3UMb mennosnoxeHue Ha 115% no
CPaBHEHUI0 CO C8apKOU Henmassawumes 3nekmpodom ¢ npucadoyHbIM MamepuanoM u Ha 185% no cpasHeHuto
CO ceapKoll nnassawuMcs 3nekmpodom, pekomeHOyeMbIMu On1si CBaPKU XapOnPOYHbIX HUKEeabIX CNiagos.

KnioyeBble cnoBa: CBapka NNaBAWMMCS 3EKTPOLOM B 3aLUMTHBIX rasax, MMNymbCHO-4yroBas cBapka
NnaBsLLYMMCS 3NeKTPOAOM, cBapka anektpogom 31533, cnnas XH45MBTHOBP, kanopumeTpupoBaHue

The article presents the results of estimation of heat transfer efficiency of the process of pulse-arc welding
with EPh533 electrode of 1 mm diameter. Comparison of the effective efficiency of the modes developed by the
authors with the modes of surfacing with spray transfer and with the preset modes for austenitic electrode wires is
carried out. A comparative assessment of the quality of the beads in terms of shape and metal losses is carried
out. In conclusion, the estimation of heat input rate at welding by wire EPh533 of heat-resistant nickel alloy
EPh718 with thickness of 3 mm with the specified heat transfer efficiency in comparison with the recommended
modes is given. It is shown that application of the developed modes allows to reduce heat input by 115% in
comparison with welding by a non-consumable electrode with filler material and by 185% in comparison with
welding by a consumable electrode recommended for welding of heat-resistant nickel alloys.

Keywords: Fusion welding in shielding gases, pulse-arc welding with fusion electrode, welding with
EP533 electrode, KhN45MVTUBR alloy, calorimetry

YIK 621.791.92
Kptoukos .A., acn.
MI'TY um H.O. Baymana
Ko6epHuk H.B., a-p TexH. Hayk,
l'ypkuH C.B., kaHA. TexH. Hayk
Hay4Ho-y4ebHbI LeHTp «CBapka u KOHTPOSbY Mpu
MITY um. H. 3. baymaHa
koberniknv@yandex.ru
BINWAHUE CMELLEHUA CBAPUBAEMbIX KPOMOK HA ®OPMUPOBAHUE KOPHEBOI'O CNOA LUBA
CMOCOBOM YK NPU CBAPKE HENOBOPOTHbIX CTbIKOB TPYB
B cmambe paccmompeHa ceapka KOPHEB020 Crlos Wwea KonbuesbiX coeduHeHul mpyb 60mbuwo2o
duamempa 8 HENOBOPOMHOM NOJIOXEHUU 8 YCTOBUSX BOIMYWEHUS NO CMEWEHUI KDOMOK. [1oka3aHo nusHue
CMeWeHUs1 c8apusaeMbIx KDOMOK Ha Npouecc hopmMupOBaHUsi KOPHEBOR2O C/I0s Wea Npu C8apke UMNYbCHbIM
cnocobom ¢ ynpagnsembiM kannenepeHocom (YKII). YcmaHogneHo, Ymo cmeweHue ceapugaembiX KPOMOK
gbiwe 0,5 mm 6e3 npumeHeHusi AonosHUMeENbHbIX 803delicmeuli npusodum K 0bpasosaHUrd Henposapa.
CehopmynupogaHb! pekomeHdauuu no yMEHbWEHUK B/IUSIHUS 8€/1UYUHbI CMEWEHUS KDOMOK Ha obpa3ogaHue
dechekmos KOPHE8020 Cr1051 Wea, 3aKIoYatouuecs 8 USMeHeHUU 8pemMeHuU 3a0epxKu Ha Kpomkax. OnpedeneHo,
Ymo npu ycrosuu pe2ynuposaHus 8peMeHeM 3a0epXKu Ha KpOMKax MakcumaribHO O0nycmumMoe 3HavyeHue
CMEeWeHUs1 ceapugaeMbIX KPOMOK, Npu KOmMOpbIX 803MOXHO obecne4dums KayecmeeHHoe (hopMuposaHue
c8apHO20 COeOUHEHUS, cocmaensem 3,8 mm.
KniouyeBble cnoBa: [yroBas CBapka, CBapka KOPHEBOro Crnosi, MaructpanbHble TpybonpoBopbl,
ynpaBnsieMblii KannenepeHoc
The article examines the welding of the root layer of a seam of ring joints of large-diameter pipes in a
fixed position under conditions of disturbance by edge displacement. The influence of the displacement of the
welded edges on the process of formation of the root layer of the weld during pulse welding with controlled droplet
transfer (CDT) is shown. It was found that displacement of the welded edges above 0,5 mm without the use of
additional influences leads to the formation of lack of penetration. Recommendations have been formulated to
reduce the influence of the amount of edge displacement on the formation of defects in the root layer of the weld,
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which consists of changing the delay time at the edges. It has been determined that, subject to requlation of the
delay time at the edges, the maximum permissible value of displacement of the welded edges, at which it is
possible to ensure high-quality formation of the welded joint, is 3,8 mm.

Keywords: arc welding, root layer welding, main pipelines, controlled droplet transfer
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WCCNEOQOBAHUE BJIUAHMUA OCHOBHbIX MAPAMETPOB MPOLIECCA HAMJTABKU KONEBNIOLLUMCA

9NEKTPOAOM HA ®OPMUPOBAHWUE HANNABJIEHHOIO METANNA BEEUHUTHOIO KNACCA*

B pabome paccmompeHo enusiHue 0CHO8HbIX hapamempos pexuma 0y2080l Hannaeku Konebnwwumces
a7ekmpodoM 8  3aWUMHOM 2a3e Ha (hOPMUPOBAHUE  HU3KOY2repoducmoa0  HU3KOe2Uupo8aHHO20
HannaeneHHo20 Memarnna co cmpykmypol 6eliHumHo2o heppuma. YcmaHo8meHo, Ymo Haumydywee Kayecmeso
¢hopmuposaHusi HannasneHHo20 8asnuka obecnequsaemes npu yacmome konebarul (f) anekmpoda 1,7 'y, a
cmabunu3ayuu mensio8020 NoJisi N0 WUpPUHe ceapoyHol 8aHHbI docmueaemcs yxe npu 0,7 Y. lNokasaHo, Ymo
HaboMbWyl  4y8CMEUMENbHOCMb K USMEHEHUt0 Yacmombl KonebaHull  nposiensiem  MapmeHCUMHO-
aycmeHumHas cocmaensowasi, codepxaHue Komopol e cmpykmype docmuzaem cgoeeo Haubosbuie2o
3HaveHusi npu f= 1,7y,

KnioyeBble cnoBa: 4actota M amnnuTyaa konebaHuii, cCBapoyHas [gyra, TEPMUYECKMe LWKIbI,
HannaBneHHbI MeTann, CTPYKTypa, TBEPAOCTb

The article examines the influence of the main parameters of the arc surfacing mode with an oscillating
electrode in a protective gas on the formation of a low-carbon low-alloy deposited metal. It has been established
that the best quality of deposited bead formation is ensured at an oscillation frequency (f) of the electrode of 1,7
Hz, and stabilization of the thermal field across the width of the weld pool is achieved already at 0,7 Hz. It has
been shown that the martensitic-austenitic component exhibits the greatest sensitivity to changes in oscillation
frequency, the content of which in the structure reaches its highest value at f= 1,7 Hz.

Keywords: frequency and amplitude of oscillations, welding arc, thermal cycles, deposited metal,
structure, hardness
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