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PazpaboTaHbl 7EKTpOAB! AT CBApKH TPYyOOIPOBOJOB, B TOM UHCIE ¢ 00pa3oBaHHEM OOpaTHOTO BalHKa
IPY CBapKe KOPHS IIBa, 00ECIIeYMBaIONIe BRICOKHE MEXaHUUECKHE CBOMCTBA CBAPHOTO COCIIMHEHHUS.

Jnst py4HO# TyroBoil CBapKH 0COO0 OTBETCTBEHHBIX KOHCTPYKIMH M3 YIIIEPOJUCTBIX U HU3KOJIETUPOBaH-
HBIX CTaJeil, a TaKk)Ke KOHCTPYKIM, pabOTaIONIMX B YCIOBHAX IMOHM)KCHHBIX TEMIIEPATYp, HONYYHIN IIHPOKOE
pacIpocTpaHeHHe 3JIEKTPOAbl C OCHOBHBIM BHUJaM HOKpbITUsA THa Y OHU. Mexanunueckue cBONHCTBA CBapHBIX
COCIMHEHHUH, BBITOJHEHHBIC YTUMH 3JIEKTPOAAaMH, 00eCHedHBAOT BBHICOKHE MOKA3aTeNN MO MPOYHOCTH, IIa-
CTUYHOCTH M YAAPHOI BA3KOCTH, B TOM YHCIIC P MOHIDKEHHBIX TeMIEpaTypax.

OIHAKO 3TU 3IEKTPOABI KIACCHYECKOTO COCTaBa YCTYMAIOT IO CBAPOYHO-TEXHOIOTHYECKHIM CBOMCTBAM
3NIEKTPO/IAaM 3apyOeKHOTO IIPOU3BOACTBA, YTO OTPAHNYUBACT UX NPHMEHEHHUE IIPH CBapKe TPYOHBIX KOHCTPYK-
uii. [IpuMeHsieMble IMIOPTHEIE 3JIEKTPOJIBI AaHAIOTHIHOTO HAa3HAYCHUs NMPUMEPHO B 2,5 pasza AOpoxke dIeK-
tponoB Mapku YOHU-13/55. JlocToitHas 3aMeHa UMIIOPTHBIX 3JICKTPOIOB TTO3BOJIKT B OMPEICICHHON Mepe ra-
30BOH U HETEXMMHYECKON MPOMBIIUIEHHOCTH YITH OT MMIIOPTHOW 3aBUCHMOCTH, IIPH STOM COXPAHSTCS OTe-
YEeCTBEHHbIE IIPOU3BOICTBA CBAPOYHBIX 3JIEKTPOJIOB.

3agava COCTOHUT B TOM, YTOOBI IIPU COXPAHCHUH MEXaHMYECKHX CBOMCTB CBapHBIX COSITUHEHHI MOIYYHUTh
YIydIIeHHBIE CBApPOYHO-TEXHOJIOTHUECKUE CBOMCTBA, IO3BOJIIONINE IPOBOJNUTH CBAPKY TPYOHBIX KOHCTPYK-
Ui, B TOM YHCIIC HEOBOPOTHBIX CTHIKOB C BO3MOXHOCTBIO 00pa30BaHMsl 0OpAaTHOTO BajMKa MPHU CBApKe KOP-
HEBBIX MpoxonoB. J{ist 3Toro pazpadoTtansl dmekTpoasl Mapku JIB-52MK u pekomeHmanuy K UX UCIIONB30Ba-
HUIO NP CBapKe TPYOOIIPOBOIOB.

[Tomy4eHs! MOJOXXUTENbHBIE OT3BIBBI OT MHOTHX notpeduteneil. [IpoBenéH 1enblii KOMITIEKC HCIBITaHUI
[0 XUMHYECKOMY COCTaBY M MEXaHMYECKHM CBOICTBaM HalulaBlIeHHOro MeTtaia; B CaHkr-IlerepOyprckom rocy-
JAPCTBEHHOM TOJIMTEXHUYECKOM YHUBEPCHTETE OIpEeIeH0 KOIMYeCTBO AU(G(Y3HOHHOTO BOJOpPOAA B HAILIAB-
JICHHOM MeTaJule BaKyyMHbIM MeToZioM B cooTBeTcTBUH ¢ [[OCT 23338-91 Ha anekTpozpax 1uamerpom 3,2 Mm.

B pesynbraTte ycTaHOBIEHO, UTO pa3paboTaHHbIe 37eKTpoabl Mapku JIB-52MK mo MmexaHH4ecKUM CBOHCT-
BaM HAIUIABJIIEHHOTO MeTaiia cooTBeTcTBYIOT TUIy D50A mo 'OCT 9467-75. Ilo kmaccudukanui B COOTBET-
ctBur ¢ AWS AS5.1 oru otHOcsTes K TrITy 7015-1. [lpu cBapke KOPHEBBIX MMPOXOIOB ¢ 0OpaTHOI CTOPOHBI IIBa

o0pasyeTcs BaJMK MPaBIIILHON GOPMBI O€3 MOpe30B Ha OCHOBHOM METaJlIe.

Jlnsa yno6ceTBa moTpeOuTENeii, KOTOPBIC B HACTOSIICE BPeMs IPUMEHSIOT JIEKTPOIbI HMIIOPTHBIX IPOM3BO-
JUTeNel, IIaHuPyeTCsl MPOU3BOIUTH MEKTPO Ikl AruaMeTpoM 4,0; 3,2, a B epcriekTuBe — 2,6 MM.

Knrouesvle crnosa: ceapxa; s1ekmpood, nokpeimue; mpyoonposoo; Kopehv uieéd; 0Opamubwlil 6anuK.

B CCCP, a 3zatem u B PO mns pyuHoil nyroBoi
CBapK# 0c00O OTBETCTBEHHBIX KOHCTPYKLHUH M3 yrie-
POIUCTBIX M HU3KOJIETMPOBAHHBIX CTalel, a TakKxkKe
KOHCTPYKLMH, pabOoTaronIMx B YCIOBHUSX IOHIKEH-
HBIX TEMIIEPATYp, NOIYYHIN MIHPOKOE PACIPOCTPaHeE-
Hue anektponsl Mapkn YOHMU-13/55 tun D50A mo
T'OCT 9467-75 [1]. Mexanuueckue cBOIcTBa cBap-
HBIX COCIMHEHHH, BBIOJHEHHBIE 3TUMH 3JIEKTPOJAA-
MU, 00€CIeUNBAIOT BBICOKHE ITOKA3aTeIH 10 IPOYHO-
CTH, IUTACTUYHOCTH M YAAPHOH BA3KOCTH, B TOM YHCIIE
IIPY TOHIKEHHBIX TEMIIepaTypax.

OnHako B CpPaBHEHMM C UMIOPTHBIMU JIIEKTPO-
JaMH C OCHOBHBIM IOKPBITHEM, 3IEKTPOJBI MapKu
YOHMU-13/55 knaccudeckoro cocraBa yCTYHaroT II0
CBapOYHO-TEXHOJOTMYECKUM CBOMCTBAM 3JIEKTPOJIaM
3apyOeKHOTO TPOW3BOJCTBA, YTO OTPAaHUYMBACT HMX
NPUMEHEHHEe TPH CBapKe TPYOHBIX KOHCTPYKIHH.
B P® qya cBapku OTBETCTBEHHBIX KOHCTPYKLHUH B
ra3oBoil M HE(PTEXUMHUYECKOW MPOMBIIIJICHHOCTH B
OCHOBHOM MPHUMEHSIOTCS 3JEKTPOJBl HMIIOPTHOTO

npousBojcTBa. Eciau rosopute o tume I50A, 370
anekTpoapl Mapok LB-52U (SImomms) m OK 53.70
(IlIBennst), KOTOpBIC TMPUMEPHO B 2,5 pa3a JOpOKe
anekTpoaoB Mapkn Y OHU-13/55.

B nHacTosmee BpeMst MHOTHE OT€YECTBEHHBIE IIPO-
W3BOJIUTENN CBAPOYHBIX TMOKPBITHIX 3JEKTPOJIOB ITBITA-
FOTCS BBITH HA PBIHOK C JOCTOMHON 3aMEHOM MMIIOPT-
HBIX DJIEKTPOAOB. DTO IMO3BOJUT I'a30BOH M He(pTEXH-
MUYECKOH MPOMBIIIJIEHHOCTU YUTH B KaKOI-TO Mepe OT
HUMIIOPTHOH 3aBUCHMOCTH, IIPU 3TOM COXPAHATCS OTe-
YECTBEHHBIC TPOM3BOCTBA CBAPOYHBIX IEKTPOJIOB.

Ha OAO «MMK-METU3» nBa roga Hazan npu-
CTYNWIN K pa3paboTKe HOBOH MapKH 3JIEKTPOIOB C
OCHOBHBIM BUJIOM MOKPBITHS B3aMEH UMIIOPTHBIX JIEK-
TponoB. 3amava ObLIa ITOCTABIEHA TAKUM 00pa3oM,
YTOOBI NPH COXPAHEHNH MEXAaHWYECKHX CBOMCTB CBap-
HBIX COCAMHEHMH (He HIKE, YeM IIPU CBapKe IIEKTPO-
mamu YOHMU-13/55) monay4uTh yiydiieHHbIE CBapoOY-
HO-TEXHOJIOTHYECKUE CBOICTBA, MO3BOJIAIOIINE MPOBO-
JIUTH CBApKy TPYOHBIX KOHCTPYKIIHH, B TOM YHCIIC He-
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Ta6nuua 1
XuMuyeckuit coctTaB HannaBneHHOro meTanna
HanMeHoBAHME MADKH MaccoBas 1o 3JIeMeHTOB, %

P C S 3 Mn Si
JIB-52MK
(OAO «MMK-METH3» 0,08-0,09 0,006-0,007 0,012-0,013 0,98-1,14 0,28-0,34
LB-52U 0,06 0,005-0,006 | 0,011-0,013 1,0-1,02 0,49-0,52
(pexIaMHBINA IPOCTIEKT)
OK53.70 0,06 max 0,015 max 0,015 11 0.4
(pexIaMHBINA IPOCTIEKT)

Tabnuua 2
MexaHunuyeckue CBOWCTBA HanNaBMNeHHOro MeTanna
MaDKa SICKTPOLOR [penen [penen OTHOCHUTEIIBHOE OTHOCHUTEIIBHOE
P polt npounocty, H/mm® | texyuectu, H/mm® yanuHeHue, % cyxenue, %

J1b-52MK 547-565 430-455 28,7-31,0 75,5-77,5
(OAO «<cMMK-METH3» ’ ’ ’ ’
LB-52U 530-546 441-455 31-34 -
(pexIaMHBINA IPOCTIEKT)
OK53.70 530 440 30 -
(pexIaMHBINA IPOCTIEKT)

Mapka 371eKTpo0B

Temneparypa ucnsitanus, °C

V napuas siskocts KCV, Jhx/cm?

+20 217
JIB-52MK =20 191-194
OAO «MMK-METHU3» —40 126-166
(
—60 108-115
LB-52U . Hert nanHbix 130
(pexIIaMHBIN TIPOCTICKT)
OK53.70 —20 150
(peKJIaMHBIH MTPOCIIEKT) 40 120
P P 50 100

Tabnuua 3
KonuyecTBo Boaopoaa B npo6ax, cm*/100 r Hanm. MeT.
Ne obpasua Cpennee 3HaYCHHE
1 2 3 4 pea
4,58 5,06 422 4,16 4.5

MTOBOPOTHBIX CTBIKOB C BO3MOYKHOCTBHIO OOpa3OBaHHS
00paTHOTO BaJlMKa MPU CBapKe KOPHEBBIX ITPOXOJIOB.

Ha ceropHsmHUN NEHP MOXYYEHBI MOJIOKUTEIh-
HBIC OT3BIBBI Ha pPa3pabOTaHHBIC AIIEKTPOABI MapKd
JIB-52MK u pekoMeHOalMy K HCIOJIB30BAHUIO IPH
cBapke TpyOompoBoaoB. [lo TOHATHBIM MPHYUHAM,
Ha3BaHUEC MapKH B3SUIM CO3BYYHBIM OpPHUTHHANTY.
OIBITHBIE 3JIEKTPOJIBI TI0 CBAPOYHO-TEXHOJIOTHUECKUM
ceorictBam oneHunu: OO0 «APT'YC Tasuduxanus»,
000 «Crpoituasect», OO0 «YpanbCKuii UHCTUTYT
CBapKm».

IIpoBenéH uenblii KOMIUIEKC HCHBITAHUM MO XH-
MHUYECKOMY COCTaBy M MEXaHMYECKUM CBOWCTBaM
HAIUIABJICHHOTO METaJUIa; OIPENEICHO KOJIHMYECTBO
I PY3HOHHOTO BOAOPOAA B HAIUIABICHHOM METaJlIe
(8 Cankr-IletepOyprckoM ToCyAapCTBEHHOM ITOJH-
TEXHUYECKOM YyHHUBEpcUTeTe). Pe3ynpraTel HCHBITA-
HUI ¥ CPAaBHUTEJIBHEIA aHATIH3 C IMIIOPTHHIMHU aHAJO-
raMHy IpeACTaBICHBI B Ta0I. 1-3

Onpenencare audpy3nOHHOTO BOIOPOIA B Ha-

IUTaBJICHHOM MeETaJlIe, BBIMIOJIHEHHOM 3JIEKTPOJaMHU
mapku JIB-52MK, npou3Boanioch BaKyyMHBIM METO-
oM B cootBercTBUU ¢ ['OCT 23338-91 Ha a3nexTpo-
Jax auamerpoM 3,2 mMm. HamaBka nmpou3Boauiiach Ha
MJIaCTUHBI U3 cTanu Mapku Ct3cn NOCTOSIHHBIM TOKOM
120 A oOpaTHOIl TONAPHOCTH, aOCONIOTHASs BIAX-
HOCTb BO3/lyXa MPH CBapKe cocTaBmma 12,1 r/m.

BriBoabI

Onextpoasl Mapku JIB-52MK mo mexaHudeckum
CBOWMCTBaM HAIUIABJICHHOTO METajla COOTBETCTBYIOT
tuny 350A o 'OCT 9467-75. Io knaccudukanuu B
cootBeTcTBUM ¢ AWS AS5.1 OHH OTHOCATCA K THITY
7015-1. Ilpu cBapke KOPHEBBIX MPOXOA0B C 0OpaTHOH
CTOPOHBI IIIBa 00pa3yeTcsl BaJUK MPaBUIEHOU (POPMBI
0e3 moIpe30B Ha OCHOBHOM METAJIIE.

Jns ymoOcTBa moTpeOuTeneii, KOTOphle B Ha-
CTOsIIeEe BPeMs MPUMEHSIOT 3JCKTPOIBI UMIOPTHBIX
npousBoauteneir, Ha OAO «MMK-METU3» nnanu-
pyeTcst MpOU3BOIUTE 3JEKTPOobl quameTpom 4,0; 3,2,
a B TIEpCIEKTHUBE — 2,6 MM.
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ELECTRODES FOR MANUAL ARC WELDING IN OIL
AND GAS COMPLEX
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Electrodes were designed for pipe welding including the formation of a back bead in welding a joint root,
providing high mechanical properties of a welded joint.

For manual arc welding of constructions made from carbon and low-alloy steels, as well as for structures
operating at low temperatures the electrodes with the main types of coverage such as SSSI are widely used.
The mechanical properties of welded joints formed by these electrodes provide high strength, ductility and
toughness even at low temperatures.

However, these electrodes having standard composition are worse in weldability than the electrodes of for-
eign manufacturers. This fact limits their usage in pipe welding. However, the analogous foreign electrodes are
about 2.5 times more expensive than the SSSI-13/55 electrodes. If we find a replacement for imported elec-
trodes, it will allow gas and petrochemical industries to depend less on the import, while maintaining domestic
production of welding electrodes.

The task is to get improved welding characteristics, while maintaining the mechanical properties of welded
joints. It will allow welding pipe constructions, including pipe joints with a back bead while welding root
passes. For this purpose, the electrodes LB 52MK were developed and the guidance to their use in pipe welding
was worked out.

Positive feedback from many customers was received. A range of tests on the chemical composition and
mechanical properties of the weld metal was conducted In St. Petersburg State Polytechnic University.
The amount of diffusible hydrogen in the weld metal vacuum method in accordance with GOST 23338-91
on the electrodes with a diameter of 3.2 mm was determined.

As a result, the mechanical properties of weld metal of LB-52MK electrodes correspond to the type ESOA
GOST 9467-75. According to the classification AWS AS5.1 they relate to the type of 7015-1. When welding the root
passes on the back side of the pipe the back bead of regular shape without undercut on the base metal is formed.

For the convenience of consumers who currently use the electrodes of foreign manufacturers it is planned
to produce electrodes with a diameter of 4.0 mm; 3.2 mm; and in the future — with a diameter of 2.6 mm.

Keywords: welding, electrode coating, pipe, weld root, back bead.
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