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One-pass arc welding under thin slag layer of thick 09G2S steel plate structures o

Yu. V. Poletaevl, V. Yu. Poletaev?”

“2Don State Technical University, Rostov-on-Don, Russian Federation

Bseoenue. Crarbsi MOCBSIIEHAa TEXHOJOTMH OJHOIPOXOIHOM
JNIEKTPOIYrOBOi CBapku moj TOHKHM cioem nmiaka (ACT)
TOJICTOJIMCTOBBIX CBAPHBIX KOHCTPYKIMH B TEIJIOBOM U aTOM-
HOM MAaIIMHOCTPOEGHHH. Martepuana KOHCTPYKIHMH — cCTalb
09I'2C. Lens pa®OTBI — ONBITHBIM IIyTEM YCTAaHOBHUTH BO3-
MOXXHOCTh IpuMeHeHHs1 criocoba ACT BMecTo aBTOMaTHYe-
ckoii cBapku noj ¢iarocom (ACD) 1 31eKTPOILTaKOBOM CBap-
ku (OIIC) mpu HM3roTOBICHHWHM KOPIIYCHOI'O 00OpYIOBaHUS
9HEPreTHYECKHX YCTAHOBOK.

Mamepuaner u memoow:. TexHonmorusi paspabaTbiBajach Ha
OCHOBaHHUH PacyeTOB TEILIOBOTO PEXUMa CBapKH (IIapaMeTpoB
TEePMHUIECKOTO IMKIJIA U pexuma cBapku). KoHTpomsHbIE cBap-
HBIC COCAMHEHUA-TIPOOBI TOMIMHON 100 MM OBUIH M3rOTOBIIC-
HBl W3 HU3KOYIJIEPOMUCTON HU3KOJIETHPOBAaHHOW CTan
09I'2C. Capka BBINOJTHEHA HAa aTTECTOBAHHOM 000pYIOBaHUU
OAO «(OMK — Arommar». KauecTBo cBapHBIX CO€AMHEHUN
OILIEHNBAJIOCH 0 PE3YNBTAaTaM INTATHOTO KOHTPOJISI METOJaMH:
MarHUTHO-TIOpOUIKOBoil nedpexrockonuu (MIIM), ynbrpassy-
koBoro koHTpons (Y3K) m pagmorpadudeckort neeKTOCKo-
muu (PT'/T). Pe3ynbraTel Hepa3pymIaomero KOHTPOJIS AOTOJ-
HSUTM JaHHBIMM MeTayutorpaduueckux uccienoBaHud. [l
M3y9eHHs XapakTepa KPUCTa/UTH3aliy MEeTaJlIa IIBa MO IJTHHE
CBApHOH MPOOBI MEXaHMYECKUM CIIOCOOOM BBIPE3aIN MaKpo-
TEMIUTETHl U3 CEPEANHBI 110 TOJIINHE U Ha paccTostHUH 10 MM
OT MOBEPXHOCTH. B sKcrepuMeHTax UCIOIb30BaIN: METOUKY
u ycraHoBky «TLC-1» mist MomenupoBaHHs TEPMHUECKOTO
[UKJIA CBapKH MeTaia 30HBI TepMuueckoro inusaus (3TB)
CBApHBIX COCIMHEHUIi; CTaHAAPTHBIE METOIbI OINpEIeNICHUS
MEXaHMYECKUX CBOWCTB; IIOKAa3aTeIHM TBEPHOCTH M MHKPO-
TBEPAOCTH; METO]] ONpeeICHHs] BEIMYMHBI 3epHa HA MUKPO-
¢dororpapusx mo 'OCT 5639-82. MukpocTpykTypy H3ydaiu
Ha ONTHYECKHX MHKpockomax MMP-2P u Reichert npu yBe-
mmuenusax a0 1000 kpar. Kpome Toro, ¢ moMoImpio 3J1eKTpOH-
Horo MuKpockorna DMB-100JIM meTomoM pemmk ObUTH U3Y-
YEHBI: XapaKTep pachpenesieHuss W UICHTH(UKALHMS BTOPUY-
HBIX (pa3 HEMeTaJUTMYECKUX BKIIOUCHUH; CBapHBIC 00pas3Ibl U
o6pas3tpl, Moaenupyomue Metam 3TB Ha dyBcTBHTENIBHOCTD
K Hajpe3y; CTaOWJIBHOCTh U CTOMKOCTH CTPYKTYPHl HPOTHB
00pa3oBaHMs TPEIINH IIPH CBapKe.

Pezynomamut uccredosanus. C y4eToM pe3ylbTaToOB TEMIOBO-

“PaGoTa BBIMOJNHEHA B pamkax nHunuaTuBHOM HUP.
“E-mail: anclav51@mail.ru, afshor@mail.ru
"The research is done within the frame of the independent R&D.

Introduction. The technology of single-pass arc welding under
a thin layer of slag (AST) of thick plate welded structures in
the thermal and nuclear engineering is considered. The struc-
ture material is 09G2S steel. The work objective is the exper-
imental study on the applicability of the AST method instead
of the automatic welding under flux (AWF) and electroslag
welding (ESW) under manufacturing the package units of the
power plants.

Materials and Methods. The technology is developed on the
basis of the calculation results of the thermal welding mode
(thermal cycle parameters and welding mode settings). Test
joint weld-samples, 100 mm thick, are made of 09G2S low-
carbon low-alloy steel. Welding is performed on the certified
equipment of “EMC-Atommash” JSC. The welded joints qual-
ity is assessed on the standard control results by the following
techniques: magnetic-particle testing (MPT), ultrasonic control
(USC) and radiographic testing (RT). The non-destructive
testing results were supplemented with the metallographic
study data. To investigate the nature of the weld metal crystal-
lization along the length of the weld, the macrotemplates were
cut out mechanically from the middle through-the-thickness
and at the distance of 10 mm from the surface. The technique
and installation of “TCS-1” for simulating the thermal cycle of
the metal welding of the heat affected zone (HAZ) of the
welded joints; standard methods for determining mechanical
properties; hardness and microhardness indices; and method
for determining the grain size in micrographs according to
GOST 5639-82 were used in the experiments. The microstruc-
ture was studied with MMP-2P and Reichert optical micro-
scopes with increase up to thousandfolds. Besides, the distri-
bution pattern and identification of the second phases of non-
metallics; welded samples and samples modeling the HAZ
metal for the notch sensitivity; structure stability and welding
cracking resistance were studied through the replica technique
using the EMV-100LM electron microscope.

Research Results. Based on the thermal calculation results and
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ro pacuera u MmognenupoBanusi Meraimia 3TB o0GocHOBaHbBI
ONTHMAaJIbHBIC BEIMYMHBI IOTOHHOM OJHEpPIUH, IapaMeTpoB
peXMMa CBapKH U MPOBEIEHA UX SKCIEPUMEHTaNbHAs Mpo-
BepKa. BBINONHEHa OIleHKa KadyecTBa CBApHBIX COSIXUHEHHI
HEpa3pyIIAMUMI U Pa3pyLIAlOIIUMUA METOAaMH. Y CTaHOB-
JIEHO BIHSHHE CII0c00a CBapKW HAa CTPYKTYpPY, KadeCTBO U
MEXaHMYECKUE CBOMCTBA CBAPHBIX COCIMHEHUI.

Obcyscoenue u 3axnioyenus. [lomydeHBl MOJOXKHUTEIBHBIE
pe3yIbTaThl TEOPETHIECKHX W IKCHEPUMEHTATIBHBIX HCCIIENO-
BaHMH. OHU CBHUIETEIHCTBYIOT O TEXHOJIOTMYECKOH M IKOHO-
Mudeckoit 3¢ dexruBHOCTH MpuMeHeHus crocoba ACT (Bme-
cto AC® u DIIC) npu H3roTOBIECHNH CBAPHBIX COCTMHEHUI
tomuuHOH 100 MM u3 Hu3KoJerupoBaHHOM cramu 0912C.
YmepenHoe TemnoBnoxkenue npu ACT mosBoiser 3a oAuH
npoxoJ; chopMHPOBATh CBAPHOE COSIHHEHHE ¢ OoJice MEIKO-
3€pPHUCTON CTPYKTYPOH M BBICOKUMH MEXaHHYECKUMH CBOM-
crBamu 1o cpaBHeHuo ¢ DIIC u AC®D. [lanbl pekoMeHIauu
mo ucnojip3oBaHuio crnocoba ACT B cBapoyHOM TpPOH3BOI-
CTBE.

KioueBble ci10Ba: crocod 3J1€KTpOAYTrOBOil CBApKH; IOTOH-
Hasl DHEPTHsL; TEPMUYECKUH IUKI cBapkw; ctanb 0912C; cBap-
HOE COCMHEHHUE; MeTaIorpaduecKue UCCIeI0BaHus; MeXa-
HUYECKHE CBOMCTBA.

Oobpazey ona yumuposanusn: Iloneraes, 0. B. OgHomnpoxos-
Hasl JIEKTPOAYroBasi CBapKa MO TOHKUM CJIOEM IIIaKa TOJI-
cTOJIMCTOBBIX KoHCTpykumid cramu 0912C / 1O. B. IToneraes,

the HAZ metal modeling, the optimum values of the heat input
and welding variables are validated and experimentally veri-
fied. The welded joints quality is estimated by the nondestruc-
tive and destructive methods. The effect of the welding meth-
od on the structure, quality and mechanical properties of the
welded joints is established.

Discussion and Conclusions. Positive results of the theoretical
and experimental studies are obtained. They indicate the tech-
nological and economic efficiency of the AST method applica-
tion (instead of AWF and ESW) under manufacturing the 100
mm thick welded joints of 09G2S low-alloy steel. Moderate
heat input in AST allows for the one-pass forming of a welded
joint with better fine-grained structure and higher mechanical
characteristics as compared to the ESW and AWF. Recom-
mendations on the use of the AST technique in the welding
production are given.

Keywords: arc welding technique, heat input, welding heat
cycle, 09G2S steel, weld joint, metallographic test, mechanical
properties.
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Beenenue. [Ipy M3roTOBIEHHH TOJICTOJIMCTOBBIX CBAPHBIX KOHCTPYKIMH SHEPTeTHYECKOTO 000PYIOBaHHS U3
YIJIEPOJUCTBIX ¥ HU3KOJIETMPOBAHHBIX CTajed HIMPOKO MCIIOJIBb3YIOT BBICOKOIIPOU3BOIUTENBHBIH CIIOCO0 3JIeKTpolLIa-
koBoit ceapku (DLIC). OnHako y JaHHOM TEXHOJIOTHUH €CTh Psijl KIIFOUEBbIX MpobiieM. B wacTHoCTH, TpH cBapke U Tep-
MHUECKOi 00paboTKe CBapHbIX COCOMHEHHH CIEeIyeT peulaTh 3aJa4yl, CBsI3aHHbIE CO CHIDKCHHUEM CTEINICHHU Ieperpesa,
HU3MENBYEHUEM CTPYKTYpPBI, YIYUIIEHUEM MEXaHUUYECKUX CBOMCTB U TexHOJoruueckoi npounoctd [1-3]. C uemnbio mo-
BBIIICHUS] CTPYKTYPHOH M XUMHYECKOH OJHOPOJHOCTH M MEXaHWYECKHX CBOMCTB cBapHble coequHeHms mocie DIIC
MOJIBEPTalOT 00s3aTENEHON MOTHON TepMHuIecKkoit 00paboTke (HopMmamu3amuu ¢ oTmyckom) [4]. Cmoco6sr DIIIC ¢ pe-
T'YJIMPOBAaHHEM TEPMHUYECKOTO IMKJIa CBAPKH B Psifie CIIydacB OKa3bIBalOTCA 3()(EeKTHUBHBIMU U 00ECIICUNBAIOT Tpedye-
MBI CBOWCTBa CBapHBIX COCIMHEHHH Oe3 mocienyromeil MoiHONH TepMudyecko oOpaborku. OmHaKO 3TO 3aMETHO
YCIIOKHSIET TeXHOJIOTHIO MTPOU3BOJICTBA CBAPHON KOHCTPYKILIMHU U MOBBIIIAaeT ee cedbecroumocts [5—12]. ITpu stom mpo-
osema popMupoBaHHS CTAOWIBHOW CTPYKTYphI, KAYECTBA U MEXaHUYECKHUX CBOMCTB CBapHbIX coenuHenuid mpu DIIIC
ocTaeTcs He 10 KOHIIA PELICHHOM.

Ienbto HacTosimeli pabOThI SBISETCS pa3pabOTKa TEXHOJOTHH U ONBITHO-TPOMBINUICHHOE OMPOOOBaHKE CIIO-
coba cBapk, anbrepHaTuBHOro JIIC. Peub mper 00 OXHONPOXOIHON 3JIEKTPOAYrOBOW CBApPKE IOJ TOHKUM CIIOEM
IIaKa ¢ IpUHYIUTEIHHBIM (popMupoBanreM Metasmia mBa (ACT) cBapHBIX COeANHEHHH.

MarepuaJjbl 4 MeToAbl. [Ipr 3KCIepHIMEHTANBHBIX UCCIEAOBAHNAX TPHMEHSITH:
— MeTtonuKy u ycraHoBKy «TLIC-1» ams momenupoBaHus MeTalia 30HBI TepMudeckoro BiustHus (3TB) mo 3aganHOMY
TEPMHUYECKOMY LIUKITy CBapKH;
— CTaH/apTHbBIE METOIbI OTIPE/ICIICHNS] MEXaHNYECKIX CBOWCTB, TBEPIOCTH M MUKPOTBEPIOCTH CBAPHBIX COCAMHEHNUH;
— METOJ] ONpeICICHUS BEIMYMHBI 3epHa Ha MukpodoTorpadusx mo FOCT 5639-82.

IIpu n3yueHN MUKPOCTPYKTYPBI HCIOIH30BAHBI MUKPOCKOIIBI:
— onrtnyeckue MMP-2P u Reichert npu yBennuenusix no 1000 kpar;
— anextpoHHbI OMB-100JIM (MeTon pemnuk).

IIpuMeHeHHE MeTO/Ia PEIUIHK NPECIeI0BAJIO ABE LEIH:
— U3y4eHHE XapakTepa pachpeneeHus 1 UACHTU(UKAINN BTOPUIHBIX (Da3 HEMETAIITHICCKUX BKITIOUCHHUH;
— WCTIBITaHHUE CBapHBIX 00pasnoB M 00pa3loB MOJAEIHMPOBaHHOTO MeTauia 3TB Ha 4yBCTBHTENBHOCTS K HaJIpe3y, CTa-
OMIBHOCTH CTPYKTYPHI M CBOICTB.

MaIHI/IHOCTpoeHI/Ie 1 MallIMHOBEACHUEC

51



http://vestnik.donstu.ru

U1
[\

Becmnuk /lonckozo zocyoapcmeennozo mexnuueckozo ynugepcumema. ISSN 1992-5980 eISSN 1992-6006. 2018. T. 18, Ne 1, c. 50-58
Vestnik of Don State Technical University. ISSN 1992-5980 eISSN 1992-6006 2018. Vol. 18, no. 1, pp. 50-58

Matepuan — toncrosnuctoBas crans 0912C.

[MTonyuenne onTUManbHON CTPYKTYpHI M cBOMCTB MeTaiuia 3TB mocturaercs mondopoM TEIIOBOTO PeKMMa
CBapKH C y4eTOM 00OCHOBaHHOT'O BEIOOPA BETMYMHBI IOTOHHOW SHEPTUH Ipoliecca (TapaMeTpoB PeKUMa CBApKH).

Ioronnas sneprus O, ¥ MapaMeTphbl peXUMa CBapPKH PACCUUTHIBAINCH C MOMOINBIO TEOPUH TETIIOBBIX MPO-
eccoB Tpu cBapke [13].

Ha ocHoBaHuM pe3ynpTaToB MeTauIorpaMIecKuX HUCCIEOBaHUN yCTAaHOBJICHA B3aMMOCBSI3b MEXKIY MOTOH-
HO¥ Hepruel u pazmepom 3epHa metaiia 3TB (puc. 1).
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Puc. 1. Bimstare moroHHO# 3HEpruu npu cBapke OJcg HA CPeIHUI YCIOBHEIA qruaMeTp 3epHa dm MeTamuia 3TB
Fig. 1. Heat output effect under Qsv welding on the average nominal grain diameter dm of HAZ metal

Bennuunna nmorouHoit 3uepruu Qce HAXOIUTCS B ONTUMANBHBIX TIpeaenax 6,27...15 M/x/m. [lapametpsr Tep-
muueckoro nukna csapku (TLIC) u cooTBeTcTBYromux 3HaueHUil Jce OBbIIM BBIOpAHBI 1O PE3YNbTaTaM SKCIEPHMEH-
TaNBHBIX HcclenoBaHmid obpasnos cramu 0912C ¢ monemupoBannoit 3TB. [amee mapamerpsr TLC Opumi yTOUHEHBI
IIPH CBapKe JIIMHHOMEPHBIX CBAPHBIX COEAMHEHHH C pa3IMYHON TOTOHHOW YHEPIuei.

CrpykTypa MeTajula, XapakTepHas 1js ydacTka mneperpea 3TB CBapHbBIX COEIMHEHUH, CMOJEIMpPOBaHA Ha
ycranoBke «TLIC-1». [lms 3TOro MCHOIBR30BaMCh 00pa3Ibl OCHOBHOTO MeTaiuta pazMepoM 12x20x160 MM, KoTOphIe
HarpeBaJld NPOXOASLIMM TOKOM 1o pexumy BbiOpanHoro TIIC. Ilpu HarpeBe 10 MakCHMaJIbHOM TeMIeparypsl
Tm=1420°C dbopMupoBaach CTPyKTypa, aHAJOTM4YHas CTPYKType ydacTka neperpeBa 3TB mpousBoacTBEeHHOTro
cBapHOro coenuHeHus. OOpa3ibl HarpeBaiau 10 7 ¢ Pa3IUYHBIMU CKOPOCTSIMM HarpeBa M oxiaxaeHus. CremyeT oT-
METHTh NIMPOKUH WHTEPBAJ BPEMEHH, B T€UCHHE KOTOPOTO METAII H3MEHSUICS, TIOABEPrasich TeMIIepaType BHIIIEe Hada-
na uateHcuBHOTO pocta (HUP) 3epua. JlanHoe usmenenue (tyyp), Temmeparypa (Tyyp), a Takke audy3Hbie IpOIeccs
MTO3BOJIFUTH [IEJICHATIPABICHHO YIIPABIATh CTPYKTYPHOU U XUMHYECKON OJHOpoaHOCTEI0 MeTaiuia 3TB (puc. 2).
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Puc. 2. Bonsiane cioco6a cBapkH Ha ITapaMeTphl TEPMHIECKOTO IHKiIa MeTamta 3TB

Fig. 2. Welding technique effect on parameters of HAZ thermal cycle
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CKOpPOCTh OXJaXKACHHUS 00pa3llOB PETyIMPOBAIN IMyTeM MPUHYAUTEIHFHOTO WA €CTECTBEHHOTO OXJIAKICHHUS.
UzBectHO, uTO pasmep 3epHa aycteHnTa Metaiia 3TB 3aBucur ot 7w W Tyyp W, CIEAOBATENBHO, OyIeT MMETh
Hanbomemryto BenuauHy A TLC amekTpomnuiakoBoii cBapKH.

Crroco6 ACT (puc. 3) coxpaHWI JOCTOMHCTBA KaK JYTOBOM, TaK M 3JIEKTPONUIAKOBON CBapKH. 3a CYET TyrOBO-
ro Iporecca 00SCIeYNBACTCS 3HAYUTENBHBIA PAa30TPeB MUIAKOBOW BAaHHBI, B PE3yJIbTaTe YETO YBEIMYHMBACTCS TEILIO-
BJIOXKCHUE B CBaPHBAEMbIC KDOMKH, HX KAUECTBCHHOE MpOILIaBiIieHue U obecneunBaetcs «msrkuin» TLHC meranna 3TB.

8

Puc. 3. [IpunnunuaneHas cxema criocoba ACT: 1 — cBapuBaeMble IeTain; 2 — METaJll CBAPHOTO IIBa; 3 — CBapOYHas BaHHA;
4 — xuaKui nutak; 5 — cioit iroca; 6 — cBapoyHas NPOBOJIOKA; 7 — MEXaHH3M MOJa4ul MPOBOJIOKH; § — 103aTop ¢uioca;
9 — moxBox ¢urroca B 30HY cBapku; 10 — MEIHBIH BOJOOXJIAKIAEMBIi MOJI3YH

Fig. 3. Flowsheet of ACT method: 1 — welded parts; 2 — weld metal; 3 — welding bath; 4 — liquid slag; 5 — flux layer,
6 — welding wire; 7 — wire feeder; 8 — flux feeder, 9 — supply of flux to welding zone,; 10 — copper water-coiled dams

C 9TOH LenbIo BBICOTY CJIOS JKHJIKOTO IIUIaKa, 3aKPBIBAIOIIEI0 CBAPOYHYIO JAYTY, MMOJJICPKUBAIOT PABHOM IIU-
pHuHE cBapo4HOTro 3a30opa (14—18 MM), YTO MOJHOCTHIO MCKIIOYAET pa3OpbI3TMBaHUE IIJIaKa, 00ECIICUUBACT CTAOHIIb-
HOCTB Tpoliecca 1 (popMHpOBaHHE Ka4eCTBEHHOI'O CBAPHOI'O COEIMHEHHMs. BBICOTY CJI0s )KUAKOrO IIJIaka KOHTPOJIUPY-
I0T ¥ TNOJIEPXKUBAIOT C IMOMOILI0 aBTOMAaTHYECKOI'0 YCTPOWCTBA ympaBieHus mopaved ¢uitoca, coOiroas Ipu 3TOM
PaBEHCTBO Macce 110/1aBaeMoro (JIca U pacxojl ero Ha TapHUCAK.

OnTuMaibHBIN CBAPOYHBIN 3a30p 3aBUCHUT OT TOJIIMHBI M JUIMHBI CBAPHBACMBIX JETaJeH M yCTaHABIMBACTCS
9KCTIepUMEHTaIbHO. C IIeIbI0 CBAPKH JINCTOB OOJBIION TONIIMHBI B 3a30p OJXHOBPEMEHHO MOMAAIOT IBE M OoJiee HIeK-
TPOJHBIC ITPOBOJIOKH MaJIOro JuaMeTpa (2 MM), pacHoIOKEHHBIE TT0 OCH Pa3ZAeiKH OHA 3a APYToil.

Caapka pomu3BOgMIACh Ha MOAepHI3UpOoBaHHOU ycTaHOBKe VERTOMATIC-S dupmbt ARCOS nns DUIC. Hc-
TIOJTb30BAJICS TOCTOSTHHBIM TOK. MyHIIITYKH, MOJI3YHBI M MOJAIONINE POJIMKH OBUTH NMPEIBAPUTEILHO KOHCTPYKTUBHO
JIopabOTaHbl. DTO MO3BOJIAIO 00CCIICUUTH:

— MoJia4y NPOBOJIOKK MAJIOTO AuaMeTpa (2 MM) B y3KUH 3a30D,
— BBICOKYIO CKOPOCTH CBAapKH (10 5 M/4) M KpUCTaJIIM3allU1 METalIa 111Ba.

Kpome Toro, Obuti cOpMHUpPOBAaHBI MEJIKO3EPHHCTasl CTPYKTypa M TpeOyeMbli YpOBEHb MEXaHMYECKUX
CBOHCTB. Y CTaHOBKa OCHAIIIEHa YCTPOWCTBOM KOHTPOJISt BBICOTHI CJIOS KHJIKOTO [IIaKa U yHpaBlieHHs mojadeii duiroca.

Pe3yabTaThl HccienoBaHus. B Mpon3BOJICTBEHHBIX YCIOBHSX «ATOMMAIIa» Obla MPUMEHEHa TEXHOJOTHUS
ACT npu cBapke IpoOBI CO CICAYIOMUMH TapaMeTpaMu:

— tommuHa obpasma 100 mm (crams 0912C);
— Hanpspxerue 36...37 B;

— cmyta Toka 500...550 A;

— IMaMETP EKTPOAHON IPOBOJIOKHU 2 MM;
— KOJIMYECTBO MPOBOJIOK 3 IIT.;

— Mapka cBapo4Hoii nmpoBosoku Cs. 08I'2C;
— ¢umroc AH-S;

— CKOpPOCTB I10J1a4¥ MPOBOJIOKH 360 M/4;

— CKOPOCTb CBapKH 2 M/4;

— riryOMHa TOHKOTO cJIos I1aka 18...22 mvm;
— CyXOH BBIJIET 3MeKTpoaa 50 Mm;

— TeMImeparypa nozorpesa — 0e3 MoJorpesa.

MaIHI/IHOCTpoeHI/Ie 1 MallIMHOBEACHUEC
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Caapky npo6 cnocobamu JIIC u aBromatnyeckoii cBapku noxa ¢uocom (AC®D) BBINOIHWIN IO INTATHOH
TEXHOJIOTHH.

W3yden xapakTep KpUCTaIIM3alMy MeTajlla IBa 10 JUIMHE NpoObl. Pe3ynbraThl MeTatorpaduueckux uccie-
JOBaHUH TOKa3alu CTaOMIBHOCTH Pa3MepoB MeTajula [IBa IO JUIMHE M OTCYTCTBHE TEXHOJIOTMYECKHX Ie(eKTOB

(puc. 4).

Puc. 4. MakpoctpoeHne cBapHOTo coequHeHus, BenosHeHHOro criocobom: ACT (a); AC® (b); DUIC, x100; MEKpOCTpYyKTYpa
cBapHOTO coenuHeHus, BemoiaHeHHOTo ACT (c); Metamn cBapHoro mBa (d; metamn 3TB (e); ocHoBHO# MeTamt, X500 (f)

Fig. 4. Macrostructure of welded joint made by the method: AST (a); AWF (b); ESW, % 100; and weld joint microstructure made by
AST (c); weld metal (d); HAZ metal (e); base metal, x 500 (f)

[MuprHa cBapHOTO MmIBa B CpelHel dacTu cocTaBisieT 30 MM, YTO CBHACTENBCTBYET 00 ONTHMAIEHOM TEILIO-
BOM pEeXHME CBapKu. Pazmep cTOIOUATHIX KPUCTAUIOB MeTallla IBa, morydeHHoro crmocobom ACT (puc. 4, a), coms-
MepuM ¢ ACD (puc. 4, 6) 1 IMeeT HECPaBHUMO Malyro BenmduHy B conoctasineHnn ¢ DIIC (puc. 4, g). CronbuaTtsie
kpucrawibl MeTauia msa (ACT) o6pasyior ¢ oceBoil nunueit yro npumepro 45°. KpucTramisl He CpaiMBaTcs B [EH-
Tpe, EHTpaJIbHAasl YacTh 00pa30BaHa PaBHOOCHBIMU KPHCTAJUIAMH, Pa3Mep KOTOPBIX YJOOHO OLEHUTH 10 MUKPOCTPYK-
Type (puc. 4, 2). CTpykTypa ocHOBHOTO MeTayuia — (epput mwioc 10 % mepaura. MeTtamut 30HbI TEPMUYECKOTO BIIHS-
Hust — Qeppur miroc OeHHHUT.

Bb1 mpoBenieH mTaTHBINA Hepa3pyIIalomni U pa3pyIIalouii KOHTPOJIb KauecTBa. Pe3ylbTaThl HOATBEPKIAIOT
COOTBETCTBHE KadecTBa CBApHOTO COeAMHEHUs, BhIMONHEHHOTO ACT, HOpMAaTHBHO-TEXHHYECKHM TpeOOBaHWUSM [4].
Mexanudeckue cBoiicTBa cBapHbIX coenuHeHnH cranmu 0912C, BemonaaeHHbX ACT, mociie pa3nugHbIX BHIOB TEPMHU-
YecKoi 00paboOTKM COOTBETCTBYIOT HOPMATHBHBIM TpeOoBaHISIM (pHC. 5, 6).

G , Mlla S, w,%
600 66
500 55
400 44
300 33
200 2
100 11
0
Hcxonnoe Hopmanuzanus Tlonubi Hopmanuzanus ¢ Bricokmit
COCTOSIHUE + MOJTHBIN MK~ IMKJ OT- BBICOKHM OTITyCK IpU
OTITyCKOB IIyCKOB OTITYCKOM + T=530-650°C
JIOTL.TEXH.OTITyCKa u T=184

Puc. 5. Bmustaue criocoba cBapky M TepMUUECKOH 00pabOTKM Ha MEXaHHYECKHE CBOMCTBA MeTallIa IMBa: 1| — BPEMEHHOE CONPOTUB-
JICHHE Pa3pbIBY OB; 2 — YCIIOBHbIH mpenen Tekydect 60,2; 3 — OTHOCUTEIbHOE YUITMHEHHUE 0; 4 — OTHOCUTEINILHOE CY:KEHHE

Fig. 5. Effect of welding technique and heat treatment on mechanical properties of weld metal: 1 — ultimate strength cs;
2 —yield strength 60,2; 3 — elongation §; 4 —relative reduction
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Puc. 6. Biustue TepMudeckoit 00padboTku Ha yaapHyto Bs3kocts (KCU) pu T =—40 °C, —50 °C u —60 °C. MeTaut cCBapHOTO IIBa:
1 — ucX0aHOE COCTOsIHUE; 2 — I0CJIE BBICOKOTO OTITYCKa; 3 — I0CIIe HOPMAJIN3ALU U BBICOKOTO OTITYCKa; 4 — I10CIe BBICOKOTO
OTITyCKa; 5 — MOCiIe HOpMaIM3aLMU U BBICOKOTO OTIycKa. BiusHue TepMHUUecKkol 00paboTKU Ha peel NPOYHOCTH G, CBAPHBIX

coenunennii cranu 091'2C npu T = 20 °C: 6 — HCXOIHOE TIOCIE CBAPKH COCTOSHHIE

Fig. 6. Heat treatment effect on impact strength (KCU) at T =40 °C, —50 °C, and —60 °C. Weld metal: 1 — initial state, 2 — after
high tempering, 3 — after normalization and high tempering, 4 — after high tempering, 5 — after normalization and high tempering.
Heat treatment effect on ultimate resistance o, of weld joints of 09G2S steel at T = 20 °C: 6 — initial state after welding

Oobcyxnenue u 3akiaouenusi. VccienoBanbl cBapHbIe COSIUHEHMsI HU3KoJerupoBanHoi ctanu 0912C mep-
JUTHOTO Kiacca, BemoHeHHBIe crtocodoM ACT u AC®. Pe3ynpraTsl IpOBEICHHON pabOTHI CBHACTEIBCTBYIOT O TOM,
YTO IIOCII€ BBICOKOTO OTIyCKa IIBBI MMEIOT NPAKTHYECKH OJMHAKOBBIE MaKpO-, MHKPOCTPYKTYPY M MEXaHHYECKHE
cpoiictBa. [Ipu onuHakoBoil Tepmuyeckoii oopaborke cBapHble coepnHenust ACT B cpaBHenun ¢ DIIC umeror Oonee
BBICOKHE MOKA3aTeu y/IapHOI BA3KOCTH U 3aMETHO MEHBIIIUN pa3Mep 3epHa, ¢ y3KOil 30HOM neperpeToro MeTaua.

Taxum o6pas3om, TemnoBoit pexxum ACT B coueTaHHH € MOCIEAYIONIMM BBICOKAM OTITyCKOM (hopmupyet Gosee
MEIIKO3EPHUCTYIO CTPYKTYPY € OOJIBIINM KonndecTBoM (heppura u kapoumos Me,;Cq 1o cpaBHenuto ¢ DIIC. Dto cno-
coOcTByeT nonydenuto metauia 3TB onTtumanbHON IPOYHOCTH, ¢ BRICOKOH yJapHO! BA3KOCTBIO M HU3KOM TeMmepaTy-
poii xpynko-Bsa3koro nepexozaa (10 Tk, =—20 °C). DTUM MOKHO OOBACHUTH BBHICOKYI) TEXHOJOTMYECKYIO IPOYHOCTD
MeTaljIa CBapHOTO COEANHEHNS, BRIIOJIHEHHOTO criocoboM ACT mpu cBapke U TepMUUECKOH 00paboTKe cBapHOW KOH-
CTPYKIIHH.

B niporiecce BbIoJIHEHUS] pabOTHI YCTaHOBJICHBI ClIeIytonre TocTonHcTBa crocoda ACT:

— CBapHBIE COEIMHEHHS II0ABEPTatOTCS TOJIBKO BHICOKOMY OTITYCKY;
— BBICOKasi CKOPOCTb CBapKH (10 5 M/u);
— TEXHOJIOTHYHOCTH CIIOC00a M BRICOKOE KauYeCTBO CBAPHBIX COETMHEHUI;
— MHUHHUMAJIbHBIE YTJIOBBIE JeopManny Ipu CBapKe;
— He TpeOyeTcs MexaHn4ecKkast 00paboTKa KpOMOK I10]1 CBAPKY;
— CBapKa BEINOJIHACTCS 0e3 MpeIBAPUTEIHHOTO U COMTYyTCTBYIOIETO MOJOTPEBa;
— MaTblid pacxon (hiroca;
— ¢QopmupoBaHHE CBapHBIX COCAMHEHUI C BBHICOKOW CTOMKOCTBIO NPOTHB OOPa30BaHUS MEK3EPEHHOTO Pa3pyIICHHS
MIPY CBapKe U TePMUIECKO 00paboTKe (OTITyCKe);
— HHU3KHE 3aTPaThl HA TEPMUIECKYIO 00pabOTKy U MOCIEAYIOMIYI0 MEXaHHIECKYI0 00pab0TKy CBapHBIX COCTUHEHUH OT
OKaJIUHBI.
Y4uThIBasi BRICOKHE TEXHUKO-I)KOHOMHYECKHUE TT0Ka3aTesIl pa3paboTaHHOI TeXHOoIornu (Tabil.), peKOMEHIyeT-

cst mpuMeHATs ACT 11 M3TOTOBJIEHHUS CBAPHBIX KOHCTPYKIHH B SHEPTETHIECKOM MAITHHOCTPOCHHUH.
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Tabummna 1
Table 1

TeXHUKO-3KOHOMHUYECKHE MMOKa3aTeIn Pa3INIHBIX cIroco0oB CBAapKH Ha 1 mor. M mBa CBApHOT'0 COCAUHCHUA

Technical and economic indicators of different welding techniques for 1lim m of weld joint

Cmoco0 Bec nam. Pacxox o CKOpOCTB CBapKH, Benmunna 3a3opa, Bamn

CBapKH MeTaJuia, KT SHepruu, KBT/4 M/9q MM 3epHHUCTOCTH
ACO 5,6 56,88 36-38 - 5-6
SUIC 9,6 26,7 1,0-1,2 28-32 0—(-1)
ACT 52 6,6 4,3-4.9 16-18 4-5

BeiBoabl. B mpousBoncTBeHHBIX ycnoBmaxX ¢(uimana «Atommamay AO «ADM-TexHOIOTHI» BBIIOIHEHO
OTIBITHO-TIPOMBININIEHHOE OMPOOOBaHME pa3padOTaHHON TEXHOJOTHH OJHOIPOXOMHOH AIIEKTPOAYTOBOW CBApKH TOX
TOHKHM CJIOEM IIIaka. MeTai mBa (GOpMUPOBAJICS MPUHYIUTEIHHO B BEPTHKAIHFHOM MoJ0XeHnH. CBapHbIE coenHe-
Hus TommuHOW 100 MM W3roTaBIMBAIMCh W3 HU3KOJIETUPOBAHHOW CTayin mepiuTHOro Kiacca mapku 09I2C. Tlpose-
JIeHHbIE HAay4YHBIE U3BICKaHMS MO3BOJISIIOT CACTATH PSIT BEIBOAOB.

1. YcTaHOBIICHO, YTO y CBapHBIX coequHeHuil, BeinoiaHeHHBIX ACT ¢ moronHo# sueprueit mo 15 M]Jlx/m,
(dhopmupyercs OiaronpusITHas MAaKPOCTPYKTypa 0e3 KPYIMHBIX CTOI0YAThIX KpUCTaioB. OHA MMEET MUHUMAIIbHYIO (HE
Oonee 1 MM) MPOTSHKEHHOCTh Y4acTKa IEPerpeThiXx KPYIHBIX 3€pEeH Y 30HBI CIUIaBICHUS. J[MCIIEpCHOCTH CTPYKTYPHI
yBeruuuBaercs (0T DIIC — k ACT u ACO).

2. IlokazaHo, yTo cBapHble coequneHus, BoinonHeHHble AC® u ACT, mocie BBICOKOTO OTITyCKa XapaKTepH-
3YIOTCSI OJMM3KUMH CTPYKTYPOH M MEXaHHYECKHMMH cBoiicTBaMu. OIIHAKO B CBS3U C 3arpsS3HEHHOCTHIO IMUIAKOBBIMH U
KapOOHUTPHUIHBIME BKIIOYCHUSIMH METalll IIBa, MOJIYYCHHBIH crocoOom MHorompoxomHoit AC®, mmeer B 2 pasa
MEHBIITYIO0 BeTTHYNHY YAapHOH BI3KOCTH 0 CPaBHEHHIO ¢ MeTaiuioM mmBa poosr ACT.

3. DJIEKTPONIIAaKOBBIC CBAPHBIE COCIUHEHHS B COCTOSHUU TTOCJIE OCHOBHOW TEPMOOOPAOOTKH (TEXHOJIOTHYE-
CKHH OTITyCK + HOpMaJIM3aIys + BEICOKUI OTITycK) Mo cpaBHeHuto ¢ npodamu ACT (mocie BEICOKOTO OTITyCKa) UMEIOT
NPaKTHYECKH OJMHAKOBBIE MEXaHHMYECKHE CBOMCTBA, HO TIOHMKEHHYIO yJIapHYIO BSI3KOCTb.

Budimorpadguueckuii cnucox

1. TTonetaes, 0. B. Biusiaue cioco6a BeiiaBku ctanu Cr-Ni-Mo-V Ha CKIOHHOCTB K MEXK3EPECHHOMY Pa3py-
LIEHHUIO TIpH 3JekTpoluuiakoBoM neperuiase / FO. B. [loneraes, B. 1O. [Toneraes // TexHOnOruss MalnHOCTPOSHHS. —
2016. — Ne 8 (170). — C. 5-10.

2. Ioneraes, 10. B. Bausane TepMHYecKOro IUKIA CBAPKHA U MOBTOPHOTO HAarpeBa Ha CTPYKTYPHO-(a30BEIe
M3MEHeHUs1 Hu3koJerupoBanHoi cramu Cr-Ni-Mo-V'/ 10. B. IToneraes, B. O. ITonetaes / Bectauk J[oH. TOC. TeXH.
yH-Ta. — 2016. — T. 16, Ne 4 (87). — C. 96-103.

3. ITometaes, 0. B. BimsHue Hagpe3a Ha CKIOHHOCTh CBAPHBIX COSAMHEHUN K MEK3EPEHHOMY pa3pyIICHHUIO /
1O. B. IToneraes, B. 1O. TToneraes, /. B. Poro3un // Bectauk JloH. roc. Texn. ya-ta. — 2015. — T. 15, Ne 3 (82). —
C. 28-34.

4. OGopynoBanue u TPYOONIPOBOJBI ATOMHBIX SHEPreTHYECKUX ycTaHOBOK. CBapka M HarutaBka. OCHOBHBIC
nonoxenus. [TH ADI-7-009-89 / denepanpubiii Hanzop Poccum mo simepHON M pagvalMoHHOW Oe3omacHOCTH. —
MockBa : HayuHO-TeXHHYECKHI LIEHTP IO SIACPHON M paanannoHHO# 6e3onacHocTH, 1989. — 145 c.

5. [ometaes, B. }O. Cioco0bI MOBEINICHAS KAYECTBAa CBAPHBIX COCTUHECHUH, BBITOIHCHHBIX AJICKTPOILIAKOBOM
cBapkoii / B. 1O. [Toneraes // AxryansHbie poOieMbl Hayku X XI Beka : ¢0. cT. V MexayHap. Hayd.-TIPakT. KOHD. —
Mockaa ; Cankt-Iletepoypr : Cognitio, 2015. — Y. 2. — C. 131-139.

6. [Toneraes, B. 0. Bimsane XuMu4eckoil akTHBHOCTH (DITFOCA JUIS SJICKTPOILIAKOBOW CBAapKH Ha CTOHKOCTB
MeTala [IBa NPOTHB TPELIMH NpH TepMmudeckoil oOpaboTke / B. 1O. [Toneraes, 0. B. [Toneraes, A. H. I'punpina //
VHHOBAIIMOHHBIC TEXHOJIOTHH B MAITUHOCTPOCHUU M MeTauryprud : ¢0. cT. VII Hayd.-mpakT. koHp. — PocTtoB-Ha-
Hony : U3n. uentp AI'TY, 2015. — C. 258-271.

7. Menosap, b. U. DnekrporniakoBas TexHoyorus 3a pybekom / b. M. Memosap, A. K. Ilukynenko,
A.T. borauenko. — Kues : HaykoBa nymka, 1982. — 320 c.

8. Brandi, S.-D. Electroslag and electroslag welding / S.-D. Brandi, S. Liu, R.-D. Thomas / AWS Welding
handbook. — 2012. — Vol. 6A. — P. 365-379.

9. Komman, . H. DnektpomakoBas cBapka W HamlaBka ¢ ympasisiembiMu MIJI-niponieccamu /
4. 10. Komman, . B. lllepounna. — Mocksa : MamuHocTpoenue, 1989. — 272 c.



10. B. Ilonemaes u o0p. O0nonpoxoonasn 31eKmpooyzo6asn c6apka OO MOHKUM C/I0eM WAKA MOIACHMOAUCIO6bIX KoncmpyKyuii cmanu 0912C

Yu. V. Poletaev and the orhers. One-pass arc welding under thin slag layer of thick 09G2S steel plate structures

10. TIIporokoemnoB, W. B. VYmpaeneame ¢dopmupoBanueM cBapHBIX coenuHeHuit mnpu JLIC/
W. B. IIporoxosunos, B. b. ITopoxonsko // ABromatnueckas cBapka. — 2012. — Ne 10. — C. 54-59.

11. Krishna, K. Narrow-gap improved electroslag Welding for bridges / K. Krishna // Welding in the World.
— 1996. — Vol. 38, Ne 11. — P. 325-335.

12. Hobeev, A. E. Influence of weld joints Damaging at the Stage of Manufacturing on Operating Reliability /
A. E. Hobeev, YU. V. Poletaev // Influence of weld joints damaging at the stage of manufacturing on operating reliabil-
ity. Material issues in design, manufacturing and operation of nuclear power plants equipment: proceedings of the Sev-

enth international conference. — St. Petersburg : CRISM «Prometey» ; St. Petersburg ONTZ in cooperation with
IAEA ; Joint Research Center of European Commission. — 2002. — Vol. 1. — P. 438-447.
13. KomxkapeB, b. T. Teopus cBapounsix mporeccoB/ b. T. Komxkapes. — PoctoB-nHa-Jlony : M3a. nieHTp

IT'TY, 2003. — 217 c.

References

1. Poletaev, Yu.V., Poletaev, V.Yu. Vliyanie sposoba vyplavki stali Cr-Ni-Mo-V na sklonnost' k
mezhzerennomu razrusheniyu pri elektroshlakovom pereplave. [Effect of smelting method of Cr-Ni-Mo-V steel on ten-
dency to intercrystalline failure under electroslag remelting.] Tekhnologiya Mashinostroeniya, 2016, no. 8 (170), pp. 5—
10 (in Russian).

2. Poletaev, Yu.V., Poletacv, V.Yu. Vliyanie termicheskogo tsikla svarki i povtornogo nagreva na strukturno-
fazovye izmeneniya nizkolegirovannoy stali Cr-Ni-Mo-.V [Effect of thermal cycle of welding and reheating on struc-
tural-constitutional changes of low-alloyed Cr-Ni-Mo-V steel.] Vestnik of DSTU, 2016, vol. 16, no. 4 (87), pp. 96-103
(in Russian).

3. Poletaev, Yu.V., Poletaev, V.Yu., Rogozin, D.V. Vliyanie nadreza na sklonnost' svarnykh soedineniy k
mezhzerennomu razrusheniyu. [Notch effect on the liability of welded joints to intergranular fracture.] Vestnik of
DSTU, 2015, vol. 15, no. 3 (82), pp. 2834 (in Russian).

4. Oborudovanie i truboprovody atomnykh energeticheskikh ustanovok. Svarka i naplavka. Osnovnye
polozheniya. PN AEG-7-009-89. [ Equipment and pipelines of nuclear power plants. Welding and surfacing. Main prin-
ciples. PN AEG-7-009-89.] Federal Inspectorate of Russia for Nuclear and Radiation Safety. Moscow: Research and
Development Center for Nuclear and Radiation Safety, 1989, 145 p. (in Russian).

5. Poletaev, V.Yu. Sposoby povysheniya kachestva svarnykh soedineniy, vypolnennykh elektroshlakovoy
svarkoy. [Ways to improve quality of welded joints made by electroslag welding.] Aktual'nye problemy nauki KhKhI
veka: sb. st. V Mezhdunar. nauch.-prakt. konf. [Current problems of science of XXI century: V Int. Sci.-Pract. Conf.:
Coll. of papers.] Moscow; St.Petersburg: Cognitio, 2015, part 2, pp. 131-139 (in Russian).

6. Poletaev, V.Yu., Poletaev, Yu.V., Gritsina, A.N. Vliyanie khimicheskoy aktivnosti flyusa dlya elektroshla-
kovoy svarki na stoykost' metalla shva protiv treshchin pri termicheskoy obrabotke. [Chemical activity effect of flux for
electroslag welding on resistance against cracking of the weld metal under heat treatment.] Innovatsionnye tekhnologii
v mashinostroenii i metallurgii: sb. statey VII nauch.-prakt. konf. [Innovative technologies in machine building and
metallurgy: Proc. VII Sci.-Pract. Conf.] Rostov-on-Don: DSTU Publ. Centre, 2015, pp. 258-271 (in Russian).

7. Medovar, B.., Tsikulenko, A.K., Bogachenko, A.G. Elektroshlakovaya tekhnologiya za
rubezhom. [Electroslag technology abroad.] Kiev: Naukova dumka, 1982, 320 p. (in Russian).

8. Brandi, S.-D., Liu, S., Thomas, R.-D. Electroslag and electroslag welding. AWS Welding handbook, 2012,
vol. 6A, pp. 365-379.

9. Kompan, Ya.Yu., Scherbinin, E.VElektroshlakovaya svarka i naplavka s upravlyaemymi MGD-protsessami.
[Electroslag welding and surfacing with controlled MHD processes.] Moscow: Mashinostroenie, 1989, 272 p. (in Rus-
sian).

10. Protokovilov, I.V., Porohkonko, V.B. Upravlenie formirovaniem svarnykh soedineniy pri EShS. [Control
of welded joints formation under ESW.] Avtomaticheskaya Svarka, 2012, no. 10, pp. 5459 (in Russian).

11. Krishna, K. Narrow-gap improved electroslag. Welding for bridges. Welding in the World, 1996, vol. 38,
no. 11, pp. 325-335.

12. Hobeev, A. E., Poletaev, Yu.V. Influence of weld joints damaging at the stage of manufacturing on operat-
ing reliability. Material issues in design, manufacturing and operation of nuclear power plants equipment: Proc. 7th Int.
Conf. Saint Petersburg, CRISM «Prometey»; St. Petersburg ONTZ in cooperation with IAEA; Joint Research Center of
European Commission. 2002, vol. 1, pp. 438-447.

13. Koshkarev, B.T. Teoriya svarochnykh protsessov. [Theory of welding processes.] Rostov-on-Don: DSTU
Publ. Centre, 2003, 217 p. (in Russian).

MaIHI/IHOCTpoeHI/Ie 1 MallIMHOBEACHUEC

57



http://vestnik.donstu.ru

Becmnuk /lonckozo zocyoapcmeennozo mexnuueckozo ynugepcumema. ISSN 1992-5980 eISSN 1992-6006. 2018. T. 18, Ne 1, c. 50-58
Vestnik of Don State Technical University. ISSN 1992-5980 eISSN 1992-6006 2018. Vol. 18, no. 1, pp. 50-58

IMoctymuna B pemakimio 02.09.2017
Cnana B pengaxmmro 02.09.2017
3amaanpoBana B Homep 15.01.2018

06 asmopax:

Ioaeraes Opuii Beanamunosuy,

npogeccop kaheapsr «MarmnHB 1 aBTOMaTH3AIHA CBa-
POYHOTO MPOU3BOACTBA» JJOHCKOTO rOCYAapCTBEHHOTO
TexHn4eckoro yHusepcureta (P®, 344000, r. Pocro-Ha-
Hony, . "'arapuna, 1), ZJOKTOp TEXHUYECKUX HAYK,
CTaplIui HAYYHBIH COTPYIHUK,

ORCID: http://orcid.org/0000-0001-5465-1886
Anclav51@mail.ru

oneraes Bauepuii IOpbreBny,

cTapImuii mpenoaaBartensb Kadeapsl « MalmHBI ¥ aBTOMa-
TH3aIU CBAPOYHOTO IMPOU3BOACTBaY JJOHCKOTO Tocyaap-
CTBEHHOT'0 TeXHUUecKoro yHusepcureta (P®, 344000,

r. PoctoB-nHa-Jlony, . I'arapuHa, 1),

ORCID: http://orcid.org/0000-0003-3677-7500

afshor@mail.ru

Received 02.09.2017
Submitted 02.09.2017
Scheduled in the issue 15.01.2018

Authors:

Poletaev, Yury V.,

professor of the Welding Fabrication Machines and
Automation Department, Don State Technical University
(RF, 344000, Rostov-on-Don, Gagarin Square, 1), Dr.Sci.
(Eng.), Senior Research Scholar,

ORCID: http: //orcid.org/0000-0001-5465-1886

Anclav5 1 (@mail.ru

Poletaev, Valery Yu.,

senior lecturer of the Welding Fabrication Machines and
Automation Department, Don State Technical University
(RF, 344000, Rostov-on-Don, Gagarin Square, 1),
ORCID: http://orcid.org/0000-0003-3677- 7500
afshor@mail.ru




