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RESEARCH OF CONTACT VOLTAGES BY THE METHOD
OF PHOTOELASTICITY

A brief comparative analysis of the known theoretical studies of the distribution of contact
stresses over the surface of two bodies is carried out. On the basis of the analysis carried out,
conclusions were drawn about the absence of experimental data on the distribution of contact stresses.
One of the most reliable methods for the experimental study of the stress distribution in the contact of
elastic bodies is the method of optically active materials. The photoelasticity method allows obtaining
the necessary and sufficient data for determining the shear stresses. The maximum shear stress values
can be obtained from the strip pattern, and the isoclines give the directions of the principal stresses. The
shear stress difference method is used to determine the vertical and horizontal normal stresses. The
study of stresses in the contact of a body with bevels and a body with a rectilinear generatrix simulating
a plane was carried out by the photoelasticity method on a polarization-projection device PPU-5. In the
course of the experiment, the method of separation of principal stresses by the method of difference in
shear stresses was tested and the reliability of the results obtained was confirmed. An experimental study
of the distribution of stresses in the contact of parts made of epoxy resin by the method of photoelasticity
has been carried out. Preliminary conclusions are made about the possibility of applying the theoretical
laws of the distribution of contact stresses: the formula for the contact of the punch with a rectilinear
base is the most consistent with the experimental data. Some discrepancy between the experimental data
and the theoretical dependence was revealed, which can be caused by the presence of friction forces in
the real contact of the samples.
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CTABUJIBHICTH NPOLECY TP OJHOCTOPOHHBOMY
BUCOKOHBUAKICHOMY 3BAPIOBAHHI TPYHB U151 TA30-1
HA®TOIPOBIJTHUX MATICTPAJIEA

Ilpu 00HOCMOPOHHLOMY BUCOKOUBUOKICHOMY 36aPHOBAHHI MPYO 05l 2a30- i HAGMONPOBIOHUX
Mmazicmpanei 6HACIIO0K KOHYEHMpPAayii CUNOBUX JIHIN MACHIMHO20 NOJIS 8 (hepOoMacHIMHIN mpYyOi 3HAUHO
3pocmac enekmpomazHimue noie 36aplo8aibHO20 CIMPYMY, GUHUKAE MAHIMHE OVIMMA, 3HUNICYEMbCSL
cmabinbHicmb npoyecy i yoapHa 8's13Kicmb 36apHUX 3'€OHAHb, YMBOPIOIOMbCs NIOPI3U Ma NOPYULYEMBCS
GopmysanHs 360pOMHO20 8ANUKY HA G0co8ill nodyuyi. /[ niosuwieHus cmaobiibHOCmi, AKocmi ma
yoapHoi 8'a3kocmi 36apHux 3'€OHaHbL po3poOIeHO npoyec O0OHOCHMOPOHHBLO2O BUCOKOULBUOKICHO20
36apr0GaHHs MpyO 3 0BOCMOPOHHIM CMPYMONIOB000M, NPU AKOMY CHPYM RIOB0OUMbCS 8 HAYANO0 i
KiHeyb mpyou, wjo 3abe3neyyc pe2ynto8anus Cmpymy, AKull meye 33a0y i nonepedy 0y2u 6 36apro8anbHill
sanHi. Mexanizm niosuweHHs cmabiibHOCmI npoyecy 3 08OCMOPOHHIM CIMPYMONIOB000OM NONA2AE 8
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3HUIICEHHT eleKMPOMACHIMHO20 NOJA 386APIOBATLHO20 CIMPYMY, WO meye 33a0dy dyeu, 0itouoi Ha dyey i
PIOKuUll Meman 38apr8aibHOI 6AHHU eNeKMPOMACHIMHOI CUU, KA GIOXUNAE 0V2Yy 6neped 00 0Opusy,
nopyuLye pieHo8azy, Npusooumsv 00 VMEOPEHHs NIOPI3i8, 3HUNCEHHIO SAKOCMI 360POMHO20 BANUK) |
yoapmoi 8'izkocmi 386apuux 3'eonans. B 6upobHuuux ymosax 0OHOCMOPOHHBO2O BUCOKOUBUOKICHO2O
36APIOBAHHSL MPYO BCMAHOBIEHO ONMUMATIbHE CNIBBIOHOUIEHH CIMPYMi6 33a0y i nonepedy 0yeu, wo
3abe3neyye cmabinbHicms npoyecy, GIOCYmHICmMb  NIOpi3ie, NiOGUUIeHH SKOCMI  (OpMYSaAHHS
308HIUHBLOCO | 360POMHO20 BANUKI6 MA YOapHOI 8'3Kxocmi 36apHux 3'eOnans. Pecynrosanmns cmpymis,
wo npomixaioms 33a0y i nonepedy oyeu, i eleKmpoOMAaSHIMHUX CUJL, AKI OTlomb Ha 0y2y i pioKull Mema
36aPIOBANILHOI  8AHHU, 3abe3neuye cmadiibHicmb npoyecy, SKICHe (QOPMYBAHHS 306HIUHbO20 |
3860pPOMHO20 BANUKIE NPU OOHOCTNOPOHHLOMY BUCOKOUWBUOKICHOMY 38APIOBAHHI HA DII0CO8ill NoOyuYi
ma niosuweHus yoapHoi 8'a3xocmi 38apHux 3'eOHaHb. Pospobneno npoyec 00HOCMOPOHHLO2O
BUCOKOWBUOKICHO20 36aPI0BAHHA MPYO 01 2a30- I HAGMONPOBIOHUX Mazicmpanell 3 080CMOPOHHIM
CMPYMONiO8000M, AKUL 34 PAXYHOK 3HUJCEHHSI eleKMPOMASHIMHO20 NOJs 36apPHOBANIbHO20 CIPYMY |
CNeKMPOMACHIMHUX CUll, WO Oitomb Ha Oyey i piOKUll Meman 38aprealvbHOI 6aHHU, 3abe3neyye
BIOCYMHICMb MACHIMHO20 OYymMms, CMAOLIbHICMb, NIOBUWEHHS AKOCMI 308HIUHLO20 I 360POMHO20
8ANUKI8 HA (hI0CO8IN oYYl ma yoapHoi 8'a3kocmi 36aphux 3'eonans 6 2 — 2,5 pasu.

Knrouosi cnosa: CmabinbHicms npoyecy, MacuwimHe OYymms, eleKMpoMAazsHimHe noJe,
O0OHOCMOPOHHE BUCOKOWBUOKICHE 38apIOBAHHS MPYO 01 2a30- i HaAgmMonposioHux mazicmpanei 3
0B0CMOPOHHIM CIMPYMONIO8000M, NIOPI3U, YOPMYBAHHS 306HIUHBLO2O | 360POMHO20 BANUKIE, YOAPHA
8 SI3KICMb 36APHUX 3 EOHAHD

IToctanoBka mnpoOaemu. OIHOCTOPOHHE BHCOKOLIBHUJKICHE 3BaploBaHHs TpyO uid Trazo- i
HaTONMPOBIAHUX MaricTpajeil oOMeKeHe MOPYUICHHSM CTaOUTBHOCTI TMpOoleCy, IO MPUBOIUTH IO
3HMKEHHS SIKOCTI ()OPMYBaHHS LIBIB, 1 TPYAHICTIO 3a0€3MEUUTH YAApHY B A3KICTh 3BapHHUX 3’ €THAHb.
Tomy perymtoBaHHs CTaOLIBHOCTI  TIpOLIECY 1 po3poOka mporecy OJHOCTOPOHHBOTO
BHCOKOIIBHJIKICHOTO 3BaploBaHHS TpyO Ui ra3o- 1 HaQTONMPOBIAHUX MaricTpaieil, mo 3abe3neuye
MIJBUIIEHHS CTaOUIBHOCTI MPOIECY 1 yAapHOi B’SI3KOCTI 3BapHUX 3’€[lHAaHb, € BaXXKJIMBOIO HAyKOBO-
TEXHIYHOIO TPOOIEMOTO.

AHaJi3 ocTaHHiX JaociigxeHb i myOaikaniil. CTaOlIbHICTH MpOLIECY OJHOCTOPOHHBOTO
BHCOKOIIBHJIKICHOT'O 3BaproBaHHs TpyO JUIst ra30- 1 HAQTONMPOBIIHUX MaricTpaiell BU3HaYa€ KOJUBaHHS
CTpyMy, Hallpyrd Ha Jy3i, (pOpMyBaHHS 30BHIIIHBOIO 1 3BOPOTHOrO BalMKIB Ta YJapHY B’SI3KICTb
3BapHUX 3’€HaHb. Jlyra B mpolieci 3BaplOBaHHA pPYXa€TbCS IO TOPLIO EIEKTPOAY MiJ €0
€JIEKTPOMArHiTHUX CHJI B CTOPOHY MEHIIOI0 MAarHiTHOTO TOJs. BenmndmHa eleKTpOMAarHiTHUX CHIT
BU3HAYA€THCSI CTPYMOM, IHAYKLIED MAarHiTHOTO HOJS 1 JOBXWHOIO Ayru. [Ipu 3BaproBaHHI TpyO
IHAYKIIisl MarHITHOTO TIOJISI 3pOCTA€E B IMOPIBHSAHHI 3 TUIACTUHAMM, TaK SIK CHJIOBI JIIHI{ MarHiTHOTO IOJI,
AK1 IParHyTh MPONTH MO NUIAXY HAHMEHIIIOT0 MarHiTHOTO OMOPY, KOHIEHTPYIOTHCS B (PepOMArHITHOMY
Metani. [IponopiiitHO 3pocTae gitoua Ha IyTy 1 PIAKUIA METall eJIEKTpOMarHiTHa CHJIa, Mg A€ SKOi
Jyra BIIXWISETHCA 10 OOpUBY, IO TMOCWIIOE MarHiTHE AYTTs, MOPYIIye CTaOiIBHICTH MPOILIECY,
¢bopMyBaHHSI 3BapHHUX IIBIB 1 yJIapHY B’SI3KICTb 3BapHUX 3’€qHaHb. OJHAK MarHiTHe MoJie Npu
3BaprOBaHHI TPYO [T ra30- 1 HA)TOMPOBITHUX MariCTpayied TOCIiKEHO HenocTaTHbo [ 1-11].

Meta gociinsxkenb. PerymoBaHHS €IEKTPOMArHiTHOTO MOJIsA, CTAOUIBHOCTI 1 po3po0Ka mporecy
OJTHOCTOPOHHBOT'O BHCOKOIIBUAKICHOTO 3BAapIOBAaHHS CKJIAaJOBHM €JEKTpOAOM TpyO s Trazo- i
Ha(TOMIPOBITHUX MaricTpalieH, mo 3abe3nevdye CTablIbHICTS, MiIBUIIEHHS IKOCTI Ta yIapHOI B A3KOCTI
3BapHUX 3’ €/THAHb.

OcHoBHUIT  Mmarepian  fgocaigxenHs. llpupoma  enekTponyroBoro  3BaprOBAaHHSA
eJIEKTPOMAarHiTHa, Tak sIK B OCHOBI MPOIIECY JEKUTh €JIEKTPOMAarHiTHE MOJie 3BapIOBAILHOTO CTPYMY.
Benuunna 3BaproBaiibHOIO CTPYMY BHU3HAUa€ 1HAYKIIIIO, €JIEKTPOMArHiTHY CUJTy 1 MarHiTHUN TUCK, IO
TIIOTh Ha AYTY 1 pIAKUI MeTan 3BaproBaibHOT BaHHU. IIpy BHCOKOLIBUAKICHOMY OJHOCTOPOHHBOMY
3BaprOBaHHI TPYO MU Tra30- 1 HAPTOMPOBIIHUX MaricTpaJiel 3 TOBIIWHOIO CTIHKA 7 — 15 MM 1o TpyOi
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MPOTIKAE CTPYM, SIKUI YTBOPIOE MPOIIOPIIiHE eEKTPOMArHiTHE M0JIE 3BapIOBATBHOTO CTPYMY, MiJT IIE0
SIKOTO JTyTa BIAXWISETHCS B CTOPOHY MEHIIIOTO0 MarHiTHOTO Mosis. 3rimHo 3aKkoHy bio-CaBapa iHIyKIis
MAarHiTHOTO TOJISl TPOMOpILiifHa BETMYMHI CTPyMy, L0 HpoTikae mo TpyOi. IIpm 3BaproBaHHI Bix
CTPYMOBIJIBOJTy BECh CTPYM Te€4Y€ M03a/1y IyTH 1 MiJ] €0 eICKTPOMArHITHOI CHJIM JyTa BiAXWISETHCS
BIiepen o oOpuBYy ayrd. BuHnkae MartiTHe AyTTs, MOPYIIYETHCS CTaOUIBHICTD Mporiecy, GOpMyBaHHS
3BapHUX IIBIB 1 3HWKYETHCS yapHa B A3KICTh 3BapHUX 3’ €THAHb.

EnextpomarHiTHa cujia TpOIOpIliiiHa BeIMYHHI CTpyMy | , IHAYKIIT MarHiTHOTO MOJIs Bi
TOBXHHI Iyru L:

F=I[BI/, H. 1)

[Tpu 3BaproBaHHi TpyO M ra3o- i HAPTONPOBIAHMUX MaricTpaiieil 30UThIIYETHCS THIYKILS
MAarHiTHOI'O TOJIsI 3BapIOBAJILHOTO CTPYMY, IPOHOPIIMHO 3pOCTaEe €IeKTPOMAarHiTHa CUjia, BHHUKAE
MarHiTHE TYTTS 1 MOPYIIY€EThCS CTaOLIBHICTD IPOIIECY.

OaHOCTOPOHHE BUCOKOIIBH/IKICHE 3BapIOBaHHS TPyO Uil ra30- 1 HAPTOMPOBITHUX MaricTpasei
00OMEXEeHO, TaK SK ICHy€ YOTHPH MPOOJIEeMHU — MarHiTHE AYTTS 1 MOPYIIEHHS CTaOLIBHOCTI MpoLecy,
YTBOPEHHsI Mipi3iB, (HOpPMyBaHHS 3BOPOTHOrO BAJHMKY Ha (IFOCOBiM momaymii i ymapHa B SI3KICTh
3BapHUX 3’ €JJHaHb . MaruitHe AyTTA 1 MOPYIIECHHS CTabIBHOCTI MPOLIECY MPUBOIUTD 10 YTBOPEHHS
Miapi3iB, HEPIBHOMIPHOTO (POpPMYBaHHA 3BOPOTHOTO BAJIWKY Ha (DIFOCOBIM MOAYIINI 1 3HMXKEHHIO
yIapHoi B’SI3KOCT1 3BApHUX 3’ €HAHb.

BcranoBneno, mo mpu 3BaproBaHHI TPYO Bil CTPYMOIIIIBOY YTBOPIOIOTHCS MiAPi3H, Tak SK
MpHUpOa MiApi3iB eneKTpoMardiTHa. Jlyra mij qi€ro eneKTpoMarHiTHOL CHIIM CTPYMY, IO Teue 1Mo Tpyoi
333y, BIAXUJISETHCS BIEPE, 3pOCTa€ BEIUUYNHA CTPyMY B 00s1acTi O0KOBUX KpoMOK BaHHH. Ha piakuit
METaJl BaHHH, 110 SKOMY Teue CTPYM, JIi€ CIIpsIMOBaHa BHU3 €JIEKTPOMArHiTHa Cuila CTpyMy AYTH, 11O
MIPUBOJIUTH /10 CTIKAHHS PIIKOTO METaly 3 O0KOBUX KPOMOK BaHHU 1 yTBOPEHHIO MiAPi3iB.

[TopymenHs cTaOiabHOCTI MpoLECY HpPU 3BApIOBaHHI 31 CTPYMOBIZBOAOM B Hauali TpyoOH
MIPUBOUTH JI0 BIAXUJICHHS TyTH BIiepe 10 0OOpUBY, KOJMBAHHS CTPYMY 1 HAIPYTH HA Ty31, TOPYIICHHIO
(GopMyBaHHS 3BOPOTHOTO BAJIMKY Ha (IIFOCOBIH MOMYIII Ta yAapHOi B’S3KOCTI 3BAPHUX 3’ €THAHBb
(puc. 1).

Jlns migBumieHHs CcTaOUIBHOCTI HpPOLECY, SAKOCTI (pOpMyBaHHS 30BHIIIHBOTO 1 3BOPOTHOTO
BaJIMKYy TP OAHOCTOPOHHBOMY BHUCOKOIIBUIKICHOMY 3BaploBaHHI Ha (IFOCOBIH MOIyIIII PO3POOIEHO
croci0 3BaprOBaHHS 3 JABOCTOPOHHIM CTPYMONIABOJIOM, IPHU SKOMY MAarHITHE IOJI€ PEryJIO€Thes 3a
paxyHOK 3MiHU BEIMUMHU CTPYMY, 1110 MpoTikae 33ay |1 i monepeny l2 nyru.

3BaproBasibHUN CTpyM | po3TikaeTbest B 3BaproBanbHiid BaHHI | = |1 + l2. IIpoTikatoun ctpymu
YTBOPIOIOTH €NIeKTpoMarHiTHi cwin Femi, mig giero sikoi ayra i pilkuil MeTas 3BaprloBajbHOI BaHHU
pyxaetbcs Boepen, 1 Feme, Sika cnpsiMoBaHa Hazajl. . 3TiHO MPUHIMILY CYNEPHO3UIT TPOTHIEKHUI
HaNpsSMOK €JIEKTPOMAarHiTHUX CUJI IPUBOJIUTH J10 3HUKEHHS Pe3yJIbTYI0U0i eeKTPOMArHiTHOT CHIIH, 10
MIJIBUIIYE CTAOUTBHICTH MPOIIECY.

Fem = Femt — Feme,
B BHpoOHHYMX yMOBax NpH OAHOCTOPOHHHOMY BHCOKOUIBHAKICHOMY 3BapOBaHHI TpyO is
ra3o- i HaQTOMPOBIAHUX MaricTpanell BCTAHOBJIEHO ONTHUMAJIbHE CIIIBBIIHOLICHHS CTPYMIB 33a1y 1

cnepeny ayru 1,7-1,9, npu sxomy 3a0e3medyeThCcsi CTaOLIBHICTh MPOIIECY, IMiJBHUIIEHHS SKOCTI Ta
yIapHOi B’SI3KOCTI 3BapHUX 3’ €THAHb (puc. 1).
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Pucynok 1 — 3akoHOMipHOCTI BIJTUBY MarHiTHOTO TMOJIS 3BapPIOBAIIBHOTO CTPYyMY
Ha CTaOlIBHICTH MpoI1iecy (a) 1 IKICTh 3BapHUX MIBIB (0):
V= 0,021 m/r, ToBmuHa ctinku Tpyou 0,008 M, CK1a10BUll €NeKTPOT

[Tpu cniBBiAHOIIEHI CTPYMIB 333y 1 monepeay Iyrd MeHul 1,7 mBu GopMyroThes 3 MiApi3amu,
[Tpu cniBBiAHOIIEHH] CTPYMIB 333y 1 Honepeay xyru Oinbie 1,9 3HMKYeThCsl CTaOlIBHICTD MPOLIECY
BHACJIIOK TIOCWJIEHHSI KOJIMBaHHS CTPyMy 1 Hampyru Ha Ay3i, BIAMNOBIIHO KOJMBAHHS BUCOTHU
3BOPOTHOTO BAJMKy, 3HM)KEHHS TJIIMOMHM NPOIUIABJIEHHS, SKOCTI ()OPMYBaHHS 30BHILIIHBOTO Ta
3BOPOTHOTI'O BAJIMKIB 1 yJIapHOI B’SI3KOCTI 3BapHUX 3’ €JHAHbD.

[Tpr 01THOCTOPOHHBOMY BUCOKOIIBHUKICHOMY 3BaplOBaHHI CKJIaJOBUM €JIEKTPOJIOM BEIMYUHA
3BaproBasibHOTO cTpyMy 2100 A, Hanpyra Ha ay3i 27 — 29 B, mBuakicTs 3BaproBanHs 75 m/r. Bennunna
CTpYyMy, 1110 TipoTikae 33axy ayru 1400 A, nonepeny nxyru 700 A. 33a1y ayru BeIMunHa CTpyMy Oiiblie,
TOMY JyTra BIAXWISETbCS BIIEpe, 1110 3a0e3neuye BiACYTHICTh MiIPi3iB.

Po3pobneHo mporec 0HOCTOPOHHBOTO BHCOKOIIBHUIKICHOTO 3BaplOBaHHS TpyO Ui raso- i
Ha(TOMPOBIAHUX MaricTpajeil 3 JBOCTOPOHHIM CTPYMOIIJIBOAOM, SIKHH 3a PpaxyHOK 3HU)KCHHS
€JIEKTPOMArHiTHOTO 10JIS 3BapIOBAJILHOTO CTPYMY 1 €JIEKTPOMArHiTHUX CHJI, IO JIFOTh Ha AYTY 1 PiIAKUI
MeTajl 3BapIOBAIIBHOI BaHHM, 3a0€3Meuye BiJICYTHICTh MarHiTHOTO IyTTS, CTaOlIbHICTh, TIABUIIICHHS
SKOCT1 30BHIIIHBOTO 1 3BOPOTHOTO BAIMKIB Ha (IIOCOBIM MOIYIII Ta yAapHOi B'SI3KOCTI 3BapHUX
3'eqHaHb B 2 — 2,5 pasu.

BcranoBneHHI 3aKOHOMIPHOCTI 1 po3po0aeHnit croci® 0JJHOCTOPOHHBOI'O BHCOKOIIBUAKICHOTO
3BapIOBaHHS TpPyO I ra3o- 1 Ha(TONMPOBIIHUX MaricTpajied 3 JBOCTOPOHHIM CTPYMOMIABOJIOM
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CKJIQJIOBUM EJIEKTPOJOM MOXKYTh OYTH BHUKOPHCTaHI MPH OJHOCTOPOHHHOMY BHCOKOIIBHUIKICHOMY
3BapIOBAaHHI KOTJIIB 3ai3HUYHUX ITUCTEPH.

[TomanpI JOCTiKEHHS B JAHOMY HANPSIMKY € TIEPCIIEKTUBHUMH, TaK SIK JO3BOJSITH PO3POOUTH
HOBI MPOIIECH OJHOCTOPOHHBOTO BHCOKOIIBUAKICHOTO 3BapIOBaHHS, M0 3a0€3MEUYIOTh ITiIBUICHHS
CTaOUIBHOCTI, IKOCT1 Ta YAAPHOI B'SI3KOCTI 3BapHUX 3'€/THAHD.

BUCHOBKHA

[Ipu 0AHOCTOPOHHBOMY BHCOKOIIBUIKICHOMY 3BapiOBaHHI TPyO IS Ta30- 1 HAQTONMPOBITHUX
Marictpayieil BHaCIiI0K KOHIIEHTpAIlii CUJIOBHX JIiHIM MarHiTHOTO TOJis B (hepoMarHiTHii TpyOi 3HA4HO
3pOCTa€ €JIEKTPOMArHiTHE I10JI€ 3BapIOBAJILHOIO CTPYMYy, BHHUKAE MAarHiTHE IyTTs, 3HMKYETHCS
CTaOUIBbHICTh MPOLIECY 1 yapHa B'S3KICTh 3BapHUX 3'€JHAHb, YTBOPIOIOTHCS MIAPI3U Ta MOPYIIYETHCS
(dhopMyBaHHS 3BOPOTHOTO BAJIUKY Ha (JIFOCOBIN MO TYIILI.

Jlist miBHIEHHS CTaOIIBbHOCTI, SKOCTI Ta YJapHOI B'S3KOCTI 3BapHUX 3'€IHAHBb PO3POOJICHO
IIPOLIEC OJHOCTOPOHHBOI'O BHCOKOIIBUKICHOT'O 3BapIOBAHHS TPYO 3 JBOCTOPOHHIM CTPYMOIIIIBOJIOM,
IIPU SIKOMY CTPYM MiABOAMTHCS B HAYAJIO 1 KiHEIb TPYOH, 110 3a0e3redye perynoBaHHs CTPyMYy, KU
Tede 333y 1 momnepeay AyTH B 3BapIOBANIbHIN BaHHI.

MexaHi3M TiABUIICHHS CTAOUIBHOCTI MPOIECY 3 JBOCTOPOHHIM CTPYMOITIBOJAOM IOJIATAE B
3HWKEHHI €JIEKTPOMArHiTHOIO HOJIsl 3BaplOBAJIbHOIO CTPYMy, LIO Teue 3337y AYIH, AiF0o4oi Ha Ayry i
piAKHiA MeTasl 3BaprOBAIILHOT BAaHHU €JIEKTPOMArHITHOI CHIIM, KA BIIXWJIISIE QYTY BIIEpEl 10 OOpHUBY,
MOpyIIye PiBHOBAry, MPUBOAUTH IO YTBOPEHHS MiAPiI3iB, 3HMKEHHIO SIKOCTI 3BOPOTHOTO BAaJHKYy 1
yapHOI B'SI3KOCT1 3BapHUX 3'€THAHb.

B BupoOHHYMX yMOBax OJHOCTOPOHHBOTO BHCOKOLIBHKICHOTO 3BaplOBaHHA TPYyO JUIs raso- i
HaTOMPOBIJHUX MaricTpaied 3 JABOCTOPOHHIM CTPYMOBIJBOJOM BCTaHOBJIEHO OITHUMAaJIbHE
CHIBBIAHOIIEHHS CTPYMIB 333y 1 oNepeay AyTrH, Lo 3a0e3neuye cTabibHICTb MPOLEeCy, BiACYTHICTh
M1pi31B, MiABUILEHHS SIKOCTI (hOPMYBaHHS 30BHIIIHBOIO 1 3BOPOTHOIO BAIMKIB Ta YAAPHOI B'SI3KOCTI
3BApPHUX 3'€/HAHb.

OnTumanbHe CHIBBIIHOIIEHHS CTPyMiB, IO MPOTIKAIOTh 333y 1 TMonepeny Iyrd, 1
€JIEKTPOMArHiTHUX CHJI, SKI JiIOTh Ha JAyry 1 PiIKMHA MeTaa 3BaploBajbHOI BaHHHM, 3abe3nedye
CTaOlIBHICTH MPOLECY, sIKICHE (POPMYBaHHS 30BHIIIHBOTO 1 3BOPOTHOTO BAIUKIB IIPH OJTHOCTOPOHHBOMY
BHCOKOIIBHJIKICHOMY 3BaplOBaHHI Ha (IIOCOBIHM MOMYIII Ta MiJIBUIIEHHS YAApHOI B'I3KOCTI 3BaApHUX
3'€JHAHb.

Po3pobieHo mporec 0JHOCTOPOHHBOTO BUCOKOIIBUIKICHOTO 3BaplOBaHHs TpyO Ui raso- i
Ha(TOMPOBIAHUX MaricTpajell 3 JBOCTOPOHHIM CTPYMOIIJBOJOM, SIKMH 32 paxyHOK 3HU)KECHHS
€JIEKTPOMArHiTHOT'O 10JIS 3BapIOBAJILHOTO CTPYMY 1 €IeKTPOMArHiTHUX CHJI, 1110 JA1FOTh Ha AYTY 1 PiAKUI
MeTajl 3BapIOBAIIBHOI BaHHM, 3a0€3Meuye BiJICYTHICTh MarHiTHOTO IyTTS, CTaOlIbHICTh, TIABUIIICHHS
SKOCTI 30BHIIIHBOTO 1 3BOPOTHOTO BAIMKIB Ha (IIIOCOBIM MOAYIII Ta YAAapHOi B'S3KOCTI 3BapHUX
3'enHaHb B 2 — 2,5 pasm.
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Ilerunun C. B., lllerununa B. U., Hukutenko II. B., Diucaen Xanen, Kosaan O. B.

CTABMJIBHOCTSB ITPOLECCA ITPU OJHOCTOPOHEM
BBICOKOCKOPOCTHOM CBAPKE TPYB VIS
I'A30- ® HE®@TEIIPOBOJHBIX MAT'UCTPAJIEN

Ilpu oO0HocmoponHell 8bICOKOCKOPOCMHOU c8apke mpyOd 01 2a30- U He@dmMenposoOHbIX
mazucmparnell  8Cle0Cmeue KOHYEHmMpayuy CUilosvblX JUHULL MACHUMHO20 NOJS 8 (heppoMacHUMHOU
mpybe 3HaUUmMenbHO 603PACMAaen eKMPOMACHUMHOE NOJLE CAPOYHO20 MOKA, B03HUKAEM MACHUMHOE
dymue, CHUMCAemcs cmaduibHOCHb NPOYeCca U YOapHas 633KOCMb C8APHBIX COeOUHEHULL, 00pa3yomcs
noopesul U Hapyuiaemcs popmuposanue 0OpamHo20 8aiuKa Ha Gaocosotl nooyuixe.

s noevluienuss cmabuibHOCMU, Kavecmeda U YOApHOU GA3KOCMU CBAPHBIX COeOUHeHUll
paspaboman npoyecc O0OHOCMOPOHHIU BbICOKOCKOPOCMHOU C8ApKU mpyb ¢ 08YXCMOPOHHUM
MOKONO00B0OOM, NPU KOMOPOM MOK NOO0BOOUMCS 6 HAYANo U KOHey mpyOwl, umo obecneuusaem
pezyiuposanue moka, Komopulii npomexkaem c3au u enepeou 0yeu 8 C6ApoOYHOU BaHHe.

Mexanusm noBblULeHUs cmabunrbHocmu npoyecca 3 08YXCMOPOHHUM
MOKONO0B0OOM3AKIIOUAEMCS 8  CHUMNCEHUU  JIeKMPOMASHUMHO20  NOASA  C8APOYHO20  MOKA,
npomexanowezo c3aou dyau, 0eticmeyrowel Ha 0yey U HCUOKULL MEeMAl 6aHHbl JeKMPOMASHUMHOU
CUIbl, KOMOpasi OMKIAOHsem 0y2y enepeo 00 00pvlea, Hapyuiaem pasHosecue, NPUBOOUN K 00pa308aHUI0
no0pe308, CHUICEHUIO Kaiecmea 00pamuoeo 8aiuKa u yOapHoU 8s3K0CMU C8APHLIX COEOUHEHU

B npouzeo0cmeenHbIX  Yclosusx O0OHOCMOPOHHEL  BbICOKOCKOPOCMHOU C8apKu mpyo 3
08YXCMOPOHHUM MOKON008000M YCMAHOBIEHO ONMUMALbHOE COOMHOUIEHUE MOKOS8, NPOMEKaAoUWUx
c3a0u u enepedu 0yeu, KOmopoe obecneuusaem cmMaOUIbHOCMb Npoyecca, Omcymcmeue noope3os,
nosvluleHue Kayecmea opmMupo8aHuus 6HeuHe20 U 00PamHo20 8aiUK08 U yOapHOU 653KOCHMU CEAPHbIX
coeouHeHuUll.

OnmumanvHoe coomuoulenue mMoK08, KOMOpbvle NpOmeKarom c3a0u u enepeou oyeu u
INEKMPOMASHUMHBIX CUTL, OCUCMBYIOWUX HA OY2Yy U HCUOKULL MEMAILIL C8APOYHOLL BAHHbI, 0becneyusaem
cmaburbHOCmb npoyecca, KauecmeeHHoe @OOPMUPOSaHUue GHeUHe20 U 00pamHo20 BaluK08 npu
O0OHOCMOPOHHIU 8bICOKOCKOPOCMHOU C8ApKe HA (Dat0CcO80U NOOYUIKe U NOGbIUUEHUE YOAPHOU 853KOCHU
C8APHBIX COEOUHEHUL.

Paspaboman npoyecc ooHocmopouHeli 8blCOKOCKOPOCMHOU c8apKu mpy6 O0na 2aso- u
HeghmenposoOHbIX Mmazucmpanei ¢ 08YXCMOPOHHUM MOKONOOBOOOM, KOMOPBI 3d CUEm CHUNCEHUS
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INEKMPOMASHUMHO20 NOJSA CBAPOUHO20 MOKA U DJIeKMPOMASHUMHBIX CUL, 0eUCmEYIo3ux Ha 0yzy u
HCUOKULL MEMAILTL CBAPOUHOU BAHHDBL, 00ECNEYUBAION OMCYMCMEUE MACHUMHO20 0YMbsl, CMAOUTbHOCb,
nosvluleHue Kauecmea 6Heune20 1 00pamHo20 8aIUK08 Ha 0Cco80l NOOYWKe U YOApHOU 6A3KOCIU
ceapHuvlx coeounenuil 8 2 — 2,5 pasza.

Knwuesvie cnosa: Cmadbunvrocms npoyecca, mMacHumHoe 0ymuve, 1eKmMpOMACHUMHOe NoJe,
O0OHOCMOPOHHAS 8bICOKOCKOPOCMHASA C8APKA MpyO 05l 2a30- U HehPMenposoOHbIX Ma2ucmpaneu ¢
08YCMOPOHHUM MOKONO0BOOOM, NOOPE3bl, (OPMOBKA HAPYIHCHO2O U 0OPAMHO20 BANUKOS8, VOAPHAS
8A3KOCMb CEAPHBLIX COEOUHEHUI

Shchetinin S. V., Shchetinina V. 1., Nikitenko P. V., Elsad Khaled, Koval O. V.

THE PROCESS STABILITY AT THE ONE-SIDED HIGH-SPEED PIPES
WELDING FOR GAS AND OIL PIPELINES

At the one-sided high-speed pipes welding for gas and oil pipelines, due to magnetic field lines
in the ferromagnetic pipe the concentration, the welding current electromagnetic field increases
significantly, magnetic blowing occurs, the process stability and welded joints the impact toughness
decreases, undercuts are formed and the reverse roller on the flux cushion formation is disturbed.

The stability, quality and welded joints impact toughness to increase, the one-sided high-speed
pipes welding with the double-sided current lead a process has been developed, in which the current
is supplied to the pipe beginning and end, which provides current regulation that flows the arc behind
and in front in the weld pool.

The increasing the process stability with the double-sided current lead mechanism consist in
reduce the welding current electromagnetic field the flowing from the arc back, acting on the arc and
the pool liquid metal of electromagnetic force, which deflects the arc forward until it breaks, the balance
is disturbed, leads to the undercuts formation, the reverse bead quality and the welded joints impact
toughness decreases.

The currents flowing the arc behind and in front optimal correlation at one-sided high-speed
pipes welding for gas and oil pipelines with a double-sided current lead in the production condition has
been established, which ensures the process stability, the undercuts absence, the external and reverse
beads the quality formation and the welded joints impact toughness an increase.

The currents that flow the arc behind and in front and electromagnetic forces acting on the arc
and the weld pool liquid metal, regulation ensures the process stability, high-quality external and
reverse beads formation at the one-sided high-speed welding on a flux cushion and the welded joints
impact pipes toughness an increase.

The one-sided high-speed welding for gas and oil pipelines with double-sided current lead a
process has been developed, which, by reducing the welding current electromagnetic field and
electromagnetic forces, acting on the arc and the weld pool liquid metal, ensures the magnetic blowing
absence, stability, and the external and reverse beads on a flux cushion, quality and welded joints impact
toughness by 2 — 2.5 times increase.

Keywords: Process stability, magnetic blowing, electromagnetic field, one-sided high-speed
pipes welding for gas and oil pipelines with the double-sided current lead, undercuts, external and
reverse beads formation, welded joints impact toughness.
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