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K PACYETY PEXXUMA YETbIPEXQYIOBON CBAPKU

TPYB BOJIbLLOIoO AUAMETPA
A.M. YnaHoe, M.A. UsaHoO8

FOxHo-Ypanbckuli 2ocydapcmeeHHbIl yHUgepcumem, 2. HensabuHck

[TpoBesieH aHaNU3 CyIIECTBYIOLIMX HCTOYHUKOB B 00JaCTH MHOT'OYTOBOM CBApKH, U3JI0KEHBI MIPEANOCHUI-
KU K CO3/[aHMI0 MaTeMaTHYeCKOW MOJENH TI0 pacueTy MapaMeTpoB PeXMMa MHOTOAYTOBOM CBapKH, aJrOPUTM
KOTOPOI1 OBLT B3AT 32 OCHOBY IIPU CO3JaHUH MporpaMMHOro komriekca WeldCalc.

Ioxazano, uto ogHMM K3 Hanbojee BaXHBIX (PAKTOPOB, BIHMAIOMNX HAa KAUECTBO CBAPHOTO COCIMHEHUS,
a UMEHHO, Ha MOJIydIeHHE 3aJaHHOH I€OMETPHU CBApHOTO COSIMHEHUS, SBISICTCS ONPENENICHNE ONTHMAIbHBIX
TapaMeTpoB peKMMa MHOTOIYTOBOH cBapkd. ITockombKy oboe m3MeHeHHe XOTsI OBl OZHOTO M3 IapaMeTpoB
pexXrMa MHOTOAYTOBOM CBapKH TPyO OOJBLIOTO AMAMETpa MPHUBOJHUT K CEPhE3HBIM IKOHOMUYECKHM 3aTpaTam
Ha J1abopaToOpHbBIC HCCIIEOBaHMs CBAPHBAEMOCTH 00PAa3IOB, OTCYTCTBHE TEOPETHYECKOTO pacyera MapaMeTpoB
pexurMa MHOrO(aKTOPHOTO IPOIecca MHOTOAYTOBOM CBapKH YCIOXKHIET BHIOOP OKOHYATEIBHOI'O TEXHOJIOTH-
yeckoro penieHus. [Ipo6iema pa3paboTKi MaTeMaTH4eCKOil MOENH, KOTOpast ONpeielsieT B3aUMOCBSI3H MEXKIY
TIapaMeTpaMy MHOTOYTOBOTO TIPOLiecca CBApKU M ABTOMATH3AIUH PAacdeTa TUX I1apaMeTpPOB, SIBISICTCS aKTyallb-
HOH TEXHOJIOTMYECKOH 3aJauei.

Ha xadenpe «O6opynoBaHue U TEXHOJOTHS CBapOYHOTO IPOM3BOACTBAY HOKHO-Ypambckoro rocymapet-
BEHHOTO YHHBEPCHUTETA CO3JaHa MaTeMaTHdecKas MOJENb M KOMIIBIOTEpHas IPOTpamMMa, ITO3BOJIIONIAs pac-
CUUTATh aBTOMATHU3UPOBAHHBIM CIIOCOOOM PEXKHUMBI MHOTOYTOBOM CBapKH. [IpuBe/ieH pUCYHOK BHELITHETO BHIa
HpOrPaMMBL.

B kauecTBe mprMepa BBIIOJIHEH IPOBEPOYHBI pacueT MHOTOAYTOBOM CBapKH YeThIpeX IyT IS MeTajia
TOJIIMHOM 15,7 MM, COEANHAEMOTO BCTHIK, IIPOBENICHO €r0 CPaBHEHHE C PEATBbHBIM PEKUMOM, BBITOJHEHHBIM B
naboparopun. [TorydeHHbIe 3HAUCHUS] COOTBETCTBYIOIINX KO (PUIIMEHTOB B3aUMOCBA3U MEXIy NapaMeTpaMu
BBIHECEHBI B TAOJHIIBI, TIPEICTaBICHB! ()OPMYITEI JOIEBOTO COOTHONICHHS MEKAY TOKAaMH B JaHHOW MaTeMaTH-

yeckoii Mozienu. I1oydeHHbIe JaHHbBIE YOBJICTBOPHTEILHO KOPPETIUPYIOT C PACUCTOM.
Knrouesvie cnosa: TpyObl OONBIIOTO qHaMeTpa, PEeXKUM CBapKH, YeThIpeXayroBas cBapka, WeldCalc.

Ha ceropnsiiauii news B Poccuu npu npousBoa-
cTBe TPyO OOJIBIIOTO AUaMeTpa MPUMEHSIOT MHOT'OTY-
TOBYIO CBapKy IoJ (hJIrocoM, KOTOpas SIBIISETCS Hau-
6osiee BBICOKOIIPOM3BOAUTEIBEHBIM TEXHOJIOTHYECKUM
MIPOIIECCOM, IIO3BOJIAIONINM IPOU3BOIUTH CBapKy
OOJIBIINX TOJIIIUH METANIA C BEICOKOH CKOPOCTHIO.

KauectBo 0e3neeKTHOr0 CBapHOTO COEAMHEHMS
oIpesieIsieTcsl TEOMETPHUEeH, XUMUYECKUM COCTaBOM M
CTPYKTYPHBIM CTPOCHHEM IIIBa U ero 30H. OHO 3aBHCHT
oT MHOTHX (aktopoB [1, 2], Haubonee BaKHBIMH U3
KOTODBIX SIBISIIOTCS PEXXUMBI cBapku. OIHOM M3 cepb-
€3HBIX IIPOM3BOACTBEHHBIX MPOOJIEM IIPHU HCIIOJIB30Ba-
HUHM MHOTOIYTOBOM CBapKH SBJISIETCS OTCYTCTBHE TEO-
PETHYECKOTO pacdeTa 3TOro MHOTO(AaKTOPHOTO Ipo-
1ecca M 1o 3TOH MpuYuHe Jr000e U3MEHEHHE XOTS Obl
OJTHOTO M3 IapaMeTpoB PeKMMa MHOTOIYTOBOM CBapKU
TpyO OONBIIOTO TUaMeTpa MPUBOIUT K CEPHE3HBIM
SKOHOMHYECKHUM 3aTpaTaM Ha J1abOpaTOpHBIC UCCIIEI0-
BaHUS CBapHBaeMOCTH 00pa3noB. Takum obOpasom, me-
pel TPOM3BOACTBCHHHKAMH OCTPO BCTaeT BONPOC O
CHIDKCHHH 3aTpaT Ha IyCKO-HaafogHbIe paboTH [3, 4].

Ha xagenpe «O0GopynoBaHue U TEXHOJIOTHS CBa-
pOYHOTO mpon3BoAcTBaY» HOKHO-Ypajbckoro rocy-
JTAPCTBEHHOTO YHUBEPCHUTETa CO3/aHa MaTeMaTHhde-
cKas MOZETb [5, 6], MO3BOMNAIOMIAs PACCUNUTATh PEXKH-
MBI MHOTOZIyroBO# cBapku [7]. Ha e€ ocHoBe co3man
nporpammublii komiuiekc WeldCalc (cM. puCyHOK),
KOTOPBII IO3BOJIAET BBIIOJIHATH PACUETHI TAPaMETPOB

peXXMMa MHOTOIYTOBOM CBapKH mon (UIIocoM  JUist
CTBIKOBBIX COCAMHEHUII.

B mporpammy 3aji0’keHa BO3MO>KHOCTh KOPPEK-
THUPOBKM MOJYYEHHBIX 3HAYCHUI B 4YacTHU mepepac-
HpeieNieHHsT MOIIHOCTH MEXIY TOKOM M HalpsDKEHH-
eM Ha KaxJoi ayre. [Ipy 3TOM HOTOHHAast 3HEPTHs U
MOIIIHOCTb IIPOLIECCa CBAPKH HE N3MEHSIOTCH.

B kagecTBe mpumepa BO3MOXKHOCTEH HpOTpamMM-
Horo komiutekca WeldCalc BBIIONHUM pacyeT 4eThl-
peXayroBoil CBapKu MeTajula TOMUHON S = 15,7 MM
(Tabm. 1) ¥ cpaBHUM €ro C peaNbHBIM PEKUMOM, BBI-
MIOJTHEHHBIM B JIAOOPAaTOPHH.

ITo usBecTHOMY pexumy cBapku (cMm. Tabm. 1)
paccunuTeiBaeM K03(GUIMEHTH! N0oJeil y4acTusa Kax-
Jo# u3 ayr p', b, p"M o caeaywmuM Gopmy-
JIaMm:

[CB2 =DI[CB1; (1)
Iz =D"I )
Iy =D"1I;. 3)

[lomy4yenHsle KO3 (HUIMEHTH BBICTaBIIEM B
WeldCalc (Ta6m. 2).

Koppextupyem ko3 dumentsr HanpskeHud Ku
JUISL KKIOM MyTH Ul TIepepacrpesiefieHnsl 3HaUYeHUs
MOIIIHOCTH MEXJIy TOKOM M HampspkeHueM. HaOop
JaHHBIX KO3((HUIMEHTOB JISKET B OCHOBY PEKOMEH-
JAIAi I BCero copTaMeHTa Tpyo (Ttadm. 3).
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4 WeldCalc - Pacuer pexuma =]
1

File Service Help
OnHoOyroeas ceapka (paMoi pacuet) Morooyrosas (2-5.ayr) l

Pacuer nnowaam ceapHoro wea Foe, cyz

OBwan nnowank Foe, cM2
‘ 154

Pacuet Fcewsa

|I'IUD. chnacor j Buo ceapkw

l4 =l Komreo ceaposHb myr

7 HCI’IUJ‘IbSHETEH NPOEONOKA 0AHOro AWaMeTRa

4 ~| Ouametp an.1, mm
OuameTp 302, M
MOuameTp 3n.3. MM
OuameTp 304, M

I

[~ CoMHEKDERE A00K

18 Honga lce? o7 lcel, 24

87 Honsa lce3 o7 lce2, 24

97 Honga lce4 o7 lce3. 24

3.08 CropocTe CBapkK WCB, Chic

PacyeT MHOroaYroR0il ceapkK

1020 lcal, A 796 lce2, A 5ol lces, A 672 lcad, A
33.3 (is=. (& 357 Uce2, B 357 Uces. B 391 Uced, B
0.014 KU1 0021 KUz 0.0285 KU3 0.030 Ku4 0.028 KUG

1185 CyMMaPHEA MOLLHOCTE CBapKK, KBT — |375

MoroHHas sHeprva ceapk, kmicm

BHewHun BuA 3aknagku nporpammHoro komnnekca WeldCalc ans pacueta MHOroayroBom cBapku

Tabnuua 1
MapameTpbl pexumMa cBapku
No Tapamerp 3HaueHue
/1 Jla6op. Pacu.
1 CBapouHsblil TOK Ha |- tyre, A 1000 1020
2 CBapouHbIil TOK Ha 2-# yre, A 780 796
3 CBapo4HbIil TOK Ha 3-i ayre, A 680 692
4 CBapouHbIil TOK Ha 4-i gyre, A 660 672
5 Hanpsoxenue Ha 1-i nyre, B 34 333
6 Hampsokenue Ha 2-i nyre, B 36 35,7
7 Hampsokenue Ha 3-i nyre, B 39 38,7
8 Hanpsixenue Ha 4-i nyre, B 41 39,1
9 JlnameTp dIeKTpOTHON MPOBOJIOKH, MM 4 4
10 | CKOpoCTh CBapKH, CM/C 3,1 3,1
11 | Tloronnas sHeprus cBapku, kJ[x/cm 37,5 37,5
12 [Tnomaab cBapHOTO COENUHEHUS, oM’ 1,54 1,54
13 | CymmapHas MOITHOCTH CBapkH, KBT 115,66 115,5
Tabnuua 2
3HavyeHusi Ko3pPMLIMEHTOB Aonen y4yacTus ANsA Kaxaown ayru
Koaddunment D' D" D"
3HayeHne 0,78 0,872 0,97
Tabnuua 3
3HaueHus KoadhpUUMeHTOB HanpsxkeHUn Ky ANs Kaxaon ayrn
K K K K
Koogpumpmer 1-i )Z[L;FI/I 2-i z(l;rﬂ 3-i L[lg/rn 4-i JZ[L;I‘I/I
3HayeHne 0,014 0,021 0,0285 0,03
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Ynanoe A.M., UeaHoe M.A.

K pacuyemy pexuma 4embipexdyz2oeoli ceapku
mpy6 6onbwozo duamempa

[IpoBogMM MPOBEPKY COOTBETCTBHS TOKAa U Ha-
IpsDKEeHUs ToiydeHHoMy B mporpamme WeldCalc
peaTbHOMY PEKUMY CBapKH (cM. Tabi. 1).

TakuMm o00pazoMm, mHporpaMMHasl peaau3alus
marteMatndeckoil Mogenn WeldCalc mo3BolisieT BbI-
MOJIHUTh PacyeT peXuMa YeTHIPEXIyroBOil CBapKu,
YTO CIIOCOOCTBYET MOBBINICHHUIO MPOU3BOAUTEIHHO-
CTH TpyAa HH)KEHEpa-TeXHOJIora IO CBapKe M II0-
BBIIIICHUIO KAa4eCTBa CBAPHBIX TPYO OONBIIOrO Aua-
MeTpa.
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CALCULATION OF FOUR ARC WELDING MODE

FOR LARGE DIAMETER PIPES

A.M. Ulanov, South Ural State University, Chelyabinsk, Russian Federation, uam87@yandex.ru,
M.A. Ivanov, South Ural State University, Chelyabinsk, Russian Federation, lvanovMA@susu.ac.ru

The paper gives the analysis of literature on multiarc welding. The rationale to the creation of a mathemati-
cal model for the calculation of the multiarc welding mode parameters was given. The algorithm of the model
was used as the basis for the development of the software program complex named WeldCalc.

It was shown that one of the most important factors affecting the quality of the welded connection i.e. get-
ting the geometry given of the welded joint was the determination of the optimal mode parameters of multiarc
welding. As any change at least of one of the mode settings of multiarc welding of large diameter pipes leads to
the decrease in the economic costs of laboratory tests aimed to define sample weldability, the absence of theo-
retical calculations of the parameters of multifactorial multiarc welding process complicates the choice of the
final technological solutions. The problem of developing a mathematical model that defines the connection be-
tween the parameters of a multiarc welding process and the automation of the calculations of these parameters is

the relevant technological task.
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At the department of “Equipment and technology of welding production” (South Ural State University,
Chelyabinsk) a mathematical model and a computer program were developed. The latter allows to calculate the
modes of multiarc welding. The screenshots of the program are shown in the article.

As an example, the test calculation of four-arc welding was performed for the metal of 15.7 mm thick
having butt joint. The theoretical results were compared with the practical ones performed in the laboratory.
The obtained values of the respective coefficients of the settings were listed in the table, the formulas of the
proportional ratio between the currents in the mathematical model were presented. The data obtained correlate
with the calculations made.

Keywords: large diameter pipes, welding mode, four-arc welding, WeldCalc.
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