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B pezynomame nposedennvix pabom Ooxazana 3¢ekmusHocms NpuMeHeHus cnocooa
YMenbueHus sudpayuil npu 3y60Hape3anul YepesuHbIMU Qpe3amu, 3aKIoHaioue20cs 8 YnpasieHuu
2e0MempPUYEeCKUMU NAPAMEMPaMU, d UMEHHO VelaMU HAKIIOHA CMENCHBIX CIMPYICEUHBIX KAHABOK.

Bovinonnena onmumusayusi pasHuybl yeio8 HAKIOHA CMENCHbIX KAHABOK U Nped0CmAasieHbl
npakmuiecKue peKkOMeHOayuu no HasHavenuro ux gearudu. I1o pezyibmamam npoeedeHHo20 aHaIu3a
BLISIGNICHO, UMO HAUOOTLWUL dPpekm om npuMeHeHus: PACCMAMPUBAEMbIX KOHCMPYKYULL
3Y00pe3HbIX UHCMPYMEHMOE CHOCOOHBL 0OeCneyUums ux COOPHbLE BAPUAHNDBL.

IIpoenosupyemviii pocm ycmouuugocmu cOOPHbIX YEPEIUHBIX PPe3 CNPOeKMUPOBAHHbIX NO
NPUBCOCHHbIM PEKOMEHOAYUAM, A MAKICe NOGbIULEHUE HAOEHCHOCMU UX (DYHKYUOHUPOBAHUS 8
cocmase mexHoN0UYECKOU CUCTeMbL.

Kniwouesvie cnosa. 3ybogpeseposanue, ppesa  uepssunas,  GUOPOYCMOUYUBOCTD,
MEXHON02UYECKAsL CUCEMA, ONMUMUZAYUL.

Krepak O. S., Kudinova K. V., Manoilov O. V., Gagarin V. O.

INCREASING THE VIBRATION RESISTANCE OF THE TECHNOLOGICAL SYSTEM
OF HIGH-SPEED GEAR MILLING OF CYLINDRICAL WHEELS DUE TO
IMPROVEMENTS IN THE DESIGN OF WORM CUTTERS

The problem of ensuring reliable vibration-free functioning of the technological system of
gear milling of cylindrical wheels with worm cutters is considered.

As a result of the work carried out, the effectiveness of using a method for reducing vibrations
during gear cutting with worm cutters, which consists in controlling geometric parameters, namely
the angles of inclination of adjacent chip grooves, was proved.

The difference in slope angles of adjacent grooves is optimized and practical
recommendations are given for assigning their values. According to the results of the analysis, it was
revealed that the greatest effect from the use of the considered designs of gear-cutting tools can be
provided by their prefabricated versions.

A significant increase in the stability of prefabricated worm cutters designed according to the
above recommendations is predicted, as well as an increase in the reliability of their functioning as
part of the technological system.

Keywords. Gear milling, worm cutter, vibration resistance, technological system,
optimization.
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CTATUYHA XAPAKTEPUCTHKA 3BAPIOBAJIBHOI 1YTH

Tpybu ons eazo- i HaPMONPOGIOHUX MAICMPAell eKCnLyamylomvbcs NPU BUCOKUX MUCKAX |
HU3bKUX MEeMNepamypax, momy 6UueoOmosisomscs 3 6UCOKOMIYHUX cmaietl, npu 36api8aHHi AKUX
mpyono 3abesneuumu yOapHy 8 s3Kicmbv 36apHux 3 '€Onawb. Ilpu enexmpodyeosomy 36aproéanHi
mpyO  3HAYHO 3POCMAE  MACHIMHe Nojde  36aApH6AIbHO20  CIMPYMY, MA2HImHe  Oymms,
eNIeKMPOMACHIMHA CUNA BIOXUTSE OY2Y 6 CMOPOHY MEHUL020 MACHIMHO20 NOJSL 00 00PUBY, DOBHCUHA
dyeu 3pocmae, cmabiibHicms npoyecy i (opmMy8aHHs wii@ NOPYULYEMbCS, WO NPUBOOUMb 00
BHUdMICEHHST YOapHOI 8 13Kocmi 36apHux 3 '¢OHanb. I[Ipupoda 3Hudicenns yOapHoi 8 A3K0Cmi 36apHUX
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3’€OHanHb Npu  38aAPIOGAHHI NOJS2AE 6 HAPIBAHHI Memana Wea i 30HU MEePMIUHO20 BNIUBY,
Menio6KIAOeHHs,  MIKPOCNOMBOPEHHS — KPUCMANIYHOI  pewimKu,  MIKpOHanpye,  WIilbHOCMI
ouciokayiu, BUHUKHEHHI 36API0GAIbHUX HANPY2, 3POCMAHHI MINCAMOMHOI 8IOCMAHI MA 3HUNCEHHI
Midxcamomuux 36’s3Kkie. Egexmuenum cnocobom 3HudiCeHHs eHepeii € niosuweHHs wWeUoKoCcmi
36aprOGAHHS, WO 3MEHULYE NO2OHHY eHepeito, i Hanpyau Ha 0yei. CKopoueHHs 008CUHY OyeU I Hanpyau
Ha Oyel npusooums 00 3HUJNCEHHS Oilouoi Ha Oyey eleKmpoOMAcHIMHOI Ccunu, NiOBUWEHHIO
cmabinbHocmi npoyecy, SAKOCmi wei8 i YOapHoi 8 ’sa3Kocmi 36apHux 3’ €OHaHb. Bemanosneno, wo
cmamuuna xapakmepucmuxa Uy = f(I) npu [ = const giokpumoi dyau, wo copums Ha cmpiuko8oMy
enekmpooi, ax i na opomsHomy, mae U — obpasny ¢hopmy). Iladaroua xapakmepucmuxa npu
ManoamnepHiti 0yei nepemeoproemvcs Ha HezanedcHy. Ilepexio 0o 3pocmaroyoi xapakmepucmuxu
8I00Y8AEMbCsL 011 CMPIUKOB020 eNeKmpooa npu Hudxcuux 3nadennsax cmpymy (I = 90 A), uiowc ons
opomsanozo (I = 200 A), wo nosacHIOEMbCA NPUNUHEHHAM 3POCMAHHA NAOWI KAMOOHOI NIAMU HA
cmpiyyi yepe3 oomedceHicmb nepepizy Npu HUNCUUX 3HAYEHHAX CMpPYMY NOpieHAHO 3 Opomom . Ilpu
oonakosomy snauenni cmpymy (I >90 A) dyea, wo copume y 6iokpumii ammocgepi Ha cmpiuko8omy
enekmpooi, Oilbule cmucHena, Higx Ha opomsanomy. Ilpu 00HOCMOPOHHbLOMY BUCOKOUWBUOKICHOMY
36APIOBAHHI HA HU3LKIL HANPYeU HA Oyel 3MEHULYEMbCS eHepeis, 3p0Cmae weuoKicms 0bepmanms i
OXON0O0MCeHHsL Oyeu, oOiamemp OyeUu 3MEHULYEMbCs, 0y2d KOHYEHMPYEMbCs, eheKmugHicmo
MENNI0BKIA0EH s ~ 3POCMAE,  30HA  MEPMIYHO20  6NAUBY  CKOPOUYEMbCA,  3a0e3nedyemuvcs
camopezyno8anHts, pisHogaza, AKicHe opMy8anHs WBI8 i Ni0GUUEeHHs YOApHOI 8 SI3KOCMI 36aAPHUX
3’€0Hanb. Po3pobieno npoyec 00HOCMOPOHHBO2O BUCOKOUWBUOKICHO20 38API0GAHHS MPYO 05l 2A30-
i HaghmonposioHux mazicmpanetll CK1A008UM el1eKMPOOOM, AKUL 3a PAXYHOK 3HUICEHHS HAnpyau Ha
oyei 3abe3neyye 3MeHWEHHs eHepeli, MeNni08KIA0eHHs, 368apPI0GANIbHUX HANpYe, 30PIOHEHHs.
MIKPOCIPYKMY DU, 3MEHULEHHSL MIDICAMOMHOT 610CmMani, 30i1bUleHHs MIDCAMOMHUX 38 'S3Ki6 | yOapHOT
6 ’s13K0cmi 36apHux 3 ' €OHans 68 2 — 2,5 pasu. Minimym enepeii — maxcumym yOapHoi 8 A3K0cmi 36apHUxX
3’€OHaHb.

Knrwouoei cnosa. Cmamuuna xapakmepucmuxa 0yeu, HU3bKa Hanpyea Ha oyei, cmabiibHicmb
npoyecy, 0OHOCMOPOHHE BUCOKOUBUOKICHE 38aplo8aHHs mpyO O 2a3o- I HAGMOnpogioHUX
mazicmpaneu, yYOapHa 6 A3KiCMb 36apPHUX 3 €OHAHD.

IToctanoBka mnpobGaemu. TpyOu 1ns ra3zo- 1 HadTONPOBITHUX MaricTpaled €
BiJIMOBIAAILHOI0 KOHCTPYKIIIEIO 1 BUTOTOBISIOTHCS 3 BUCOKOMinHUX ctaneit 0912C, 10I2C1, npu
3BapIOBaHHI SKMX TPYJIHO 3a0€3Me4YUTH yJapHYy B’SA3KICTh 3BapHUX 3 €lHaHb. IIpu 3BaproBaHHI, B
pe3ynbTaTi TEMIo BKIAJIEHHS, METal MiIJa€ThCi BIUIMBY TepMoaehOpMAIlifHOTO IUKITY, SKHIMA
BH3HAYa€ MIKPOCIIOTBOPEHHS KPUCTAIIYHOI PEIITKUA Ta MikpoHanpyru. Tomy po3poOka mporecy
OJTHOCTOPOHHBOTO  BHCOKOIIBHAKICHOTO 3BaploBaHHS TpyO nAns razo- 1 HadTOmpoBiTHUX
MaricTpajieid, mo 3ade3neuye 3MEHINEHHS €Heprii, TEIUIOBKJIAJACHHS, MIABUIICHHS CTaOUTHHOCTI
MIPOLIECY 1 yAapHOI B A3KOCTi 3BapHUX 3’ €IHAHB, € BAXKIMUBOIO HAYKOBO-TEXHIYHOIO MPOOIEMOIO.

AHaJi3 ocTtaHHiX JaocaimkeHb i myOuaikamii. TpyOum nns ra3o- 1 HaQTONPOBIAHUX
Marictpaiel eKCITyaTyIOThCS B YMOBaX BUCOKHX 1 HU3BKHX TeMIIepaTyp, TOMY yIapHOi B’SI3KOCTI
3BapHUX 3’€IHAHb MPUJISETHCSA BEJIMKE 3HaueHHA. [Ipu enexTpoyroBoMy 3BaprOBaHHI, I €0
Temna AyrH, BHJINIEHOTO B aKTUBHMX IUIAMAX, MeTal TIpH TeMmmeparypi mmasienHs 1539°C
HarpiBacThCS HAa aHOMI 10 TeMTepaTypu kuminas 2740°C, ma katoni 10 2540°C, Ha 200°C MeHIe,
MOPYIIYEThCSI KPUCTATIYHA PEIITKA, BUHHUKAIOTh 3BapIOBalbHI HAMPYyTH, IO NPUBOAUTH JO
3HIKEHHS YJIapHOi B SI3KOCTI 3BapHUX 3’ €qHaHb. OTHOYACHO MPHU HATrpiBaHHI METAJI PO3IIUPIOETHCS,
MDKaTOMHA BIJCTaHb 30UIBIIYETHCS 1 MI)KATOMHI 3B’SI3KM 3HIDKYIOTBCSI, TOMY, JJISl TiABHILIEHHS
yIapHOi B’SI3KOCTI 3BapHUX 3 €AHAHb, HEOOXITHO 3MEHITYBAaTH EHEPTil0 1 TEeIJIOBKIIAJICHHS.
EdextuBarM c1ocOO0OM 3MEHIIIEHHS €HEePrii € MiIBUIEHHS IIBUAKOCTI 3BapIOBAHHS, 3 3pOCTaHHSIM
SIKOT TIOTOHHA E€HEPTis 3HMKYETHCS 1 3BapIOBaHHS HAa HHU3bKIM HAINPyryd Ha Ty3i, [0 BU3HAYAETHCS
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CTaTUYHOIO XapaKTEePUCTHKOI Ayrd. OJHAK, CTAaTUYHA XapaKTEPUCTHKA 3BApIOBATBHOI TyTH, SKa
BH3HAYa€ YMOBH iICHYBaHHS AyTH, IOCIiKeHa HempocTaTHso [1-11].

Mera nociigxeHns. BcTaHOBUTH MexaHI3M peryJlOBaHHS €HEprii i po3poOuTH mporec
OJIHOCTOPOHHBOTO BHCOKOUIBUAKICHOTO 3BaplOBaHHS CKJIAJIOBUM €JEKTPOJIOM TpyO aisi raszo- i
HapTONMPOBIAHUX MaricTpajiei, mo 3ade3nedyye CTaOUIBHICTh MpOIECy 1 MiJBUINEHHS YyAapHOI
B’S3KOCTI 3BapHUX 3’ €JTHAHb

OcHoBHuiT MaTepiag aociigxenb. CTaTMUHA XapaKTEPUCTHKA 3BaplOBAJIbHOI IyTH, sKa
MIPEJICTaBIIsIE€ 3AEKHICTh HANPYTH BiJl 3BapIOBAILHOTO CTPyMY, BU3HAUa€ YMOBHU ICHYBaHHS JYTH,
CTabiMBHICTL mporecy, (OpMyBaHHS INBIB 1 yAapHy B’S3KICTh 3BapHHX 3’€nHaHb. OCHOBHUM
(dakTopoMm, 110 MIABUILYE YyIapHY B’SI3KICTh 3BapHUX 3 €HAHb, € BUCOKA IIBUKICTh 3BAPIOBAHHS,
sKa 3MEHIIY€E IOTOHHY EHEPTil0, TEIUIOBKJIAJCHHS, MiKPOCIIOTBOPEHHS KPUCTAJIYHOI PEIITKH,
MIKPOHAIPYTH, MIJIbHICTh UCIIOKAIIIH, 3BaplOBaIbHI HAIIPYTH, 3APIOHIOE MIKPOCTPYKTYPY, 3MEHIITY€E
MIKaTOMHY BiJICTaHb 1 301IbIITy€ MIXKaTOMHI 3B’ SI3KH.

[Tpu 0OAHOCTOPOHHHOMY BHCOKOIIBUAKICHOMY 3BapIOBaHHI BXKJIMBO 3a0€3MEUUTH PiIBHOBATY
IOYTH 1 PIIKOTO METally BaHHHM, 110 BU3HAYAETHCS CTATHYHOIO XapaKTEPUCTHUKOIO AyTu (puc.l), sika
3anexxuth Bif popmu enektpoxay. [Ipu 3BaproBaHHI OPOTSHUM EIEKTPOIOM Jyra oOepTaeThCs IO
KOHIICHTPOBAHOMY TOPIIIO JIPOTY, IPH 3BAPIOBAHHI CTPIYKOBHM EIIEKTPOAOM JIyTra 00epTAETHCS 110
TOPIIIO CTPIYKH, 1110 BCTAHOBJICHO MPU BUCOKOMIBUIAKICHIM KiHO3HWOMIII, 31 mBUIKICTIO 1500 KaapiB B
CeKYHIY pyXy IyTH IPH MiTHOMi CTPIUKH.

[ToOynoBy cTaTUYHOI XapaKTEPUCTUKU IPOBOIWIA HA MPAMIiM MOJNAPHOCTI A CTPIUKH
nepepizom (45x0,5)-10° M ta npory miamerpom 5-10° M, npu 36ymKenHi qyru noBxkuHO0 4-107 M.

[Tpu moOy10B1 CTATUYHUX XapaKTEPUCTHK AYTH B BIAKPUTIH atMocdepi Hampyry BU3HAYAIN
[0 OCLMJIOrpami, B MOMEHT BCTaHOBJIEHHS 33/1aHOi JOBXMHM Ayru. Bcranomneno (puc.l), mo y
BIJIKpUTIN aTMocdepl rpaJieHT MOTEHLIady CTOBIA IYTH, II0 FOPUTh HA CTPIUKOBOMY €JIEKTPOII,
BHUIIE, HI)K HAa JIPOTSHOMY, BHACTIOK CTUCHEHHSI CTOBIIA MPU OXOJOKEHHI, M Yac pyXy IyTH IO
TOPLIO CTPIUKH:
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CHia cTpyMy, A

Pucynok 1 — CTaTnuHa XapaKTepHCTHKA BiAKPHTOI XyTH AoBkuHO© 4-1073 M:
1 - cTpiuxa nepepizom (45x0,5)-10° m; 2 - mpot miamerpom 5-107° m .
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Bcranosineno, mo cratuyna xapakrepuctika Uz = f(1) npu |7 = const Binkpuroi myru, mo
TOPUThH Ha CTPIYKOBOMY €JIEKTPOIi, SIK 1 Ha ApoTsHOMY, Mae U — obpaszny popmy (puc.1). [Tagaroua
XapaKTepUCTHKA TPU MAJIOAMIIEPHIN Ty31 MepeTBOPIOETHCS HA HesanexHy. [lepexin 1o 3pocrarodoi
XapaKTEPUCTHKH BiIOYBAETHCS /IS CTPIYKOBOTO CJIEKTPOa IPH HIDKYKMX 3HaueHHX cTpymy (I = 90
A), aix nns aporsiHoro (1 = 200 A), M0 MOSCHIOETHCS MPUITMHEHHSM 3pOCTAHHS IO KaTOIHOT
IUIIMA Ha CTPIYIll 4epe3 OOMEKEHICTh mepepidy, NMPU HUKYMX 3HAYCHHSIX CTPYMY, MOPIBHSIHO 3
aporoM. [Ipu omHakoBoMy 3HaueHHi ctpymy (I >90 A) nyra, mio ropuTh y BiIKpuUTiii atMmocgepi Ha
CTPIYKOBOMY €JICKTPO/Ii, OLIbIIIE CTUCHEHA, HIK Ha JIPOTSIHOMY.

[Ipu 3BaproBaHHI Ha HM3BKill Hampy3i Ha Ay3i 3pOCTaE MIBUAKICTb OOEpPHEHHS IYTH,
OXOJIOJDKEHHSI 1 3MEHIIYEThCS JiaMeTp JyTd, 110 TMOCUJIIOE MiHY-€(eKT, KOHIEHTpAIIo 1
CaMOPETYJIIOBaHHS JTyTH.

CaMoperyoBaHHs MOSICHIOIOTh, SIK MPOLEC, SIKUH NP TMOCTIMHIA 3MiHI JOBXKHUHI JYyTH
BIIHOBJISA€ ii TOBKUHY IUISIXOM 3MIHU IIBUIKOCTI PO3IUIABJICHHS €JIEKTPOIa.

Haii6inp11 iMOBIpHO, 10 CAMOPETYIOBAHHS — pe3yJIbTaT 00epTaHHs IyTH 1 IParHeHHs AyTH
TOPITH MPU HU3BKIHM HApy31 HA y3i, 3T1IHO NPUHIUIY MiHIMyMy eHeprii [llTeenbeka. [lyra roputh
10 NUISIXY HAUMEHILIOTO OIopYy.

CamoperymnioBanHs 3a0e3redye piBHOBAry B 3BaplOBalIbHIM BaHHI, CTaOUIBHICTH MPOIECY
SKICTP IIBIB 1 MiBUIIEHHS YAapHOI B’SI3KOCTI 3BAPHUX 3’ €THAHb.

Pyx nyru BU3HAYA€THCS €NEKTPOMATHITHOIO CHIIOI0 3BapIOBAIILHOTO CTPYMY, 30y IXKEHHM ii
Ha JUISTHKAaX, 10 PO3TALIOBYIOTHCS OJFIKYE 0 OCHOBHOTO MeTaly, ab0 3aKOpOYyBaHHSM JTyTOBOTO
MIPOMDXKKY B Mipy MOJaui eJ1eKTpoaa B peanbHOMy MpoIIeCi 3BaprOBaHHS.

[Ipu ogHOCTOPOHHBROMY 3BapIOBaHHI IyTra 3aHypeHa B BaHHY 1 pO3IUIaBJIsie OCHOBHHI MeTall,
3a paXyHOK pyXy JOYTH IO TOPILIO €IEeKTpojJa 1 3BaploBajbHIM BaHHI, i /A1€}0 MAarHiTHOIO IMOJIs
3BapIOBATBHOTO CTPYMY.

Konnentpartiis gyru 3a0e3neuye 3HWKEHHS €Heprii, 30HU TePMIYHOTO BILTUBY, MiABUIICHHS
e(eKTUBHOCTI TETJIOBKJIA/IEHHS 1 y/IapHOi B’ A3KOCTI 3BapHUX 3’ €THAHb.

JlJ11 0OTHOCTOPOHHBOTO BUCOKOIIBHM/IKICHOTO 3BApIOBAHHS PEKOMEHAYEThCS MOJIOTONajarya
XapaKTEepPUCTHKA, siKa 3a0e31euye cTablIbHICTh MPOLECY, MiJIBULLICHHS CAaMOPETYJIIOBaHHS 1 yJIapHOi
B’SI3KOCTI 3BapHUX 3’ €/IHaHb.

Po3pobreno mporec 0JHOCTOPOHHBOTO BHCOKOIIBHAKICHOTO 3BaproBaHHsS TpyO uis raso- i
Ha(TOMPOBIHUX MaricTpaneil CKJIaJOBUM €IIEKTPOJIOM, SIKUM, 32 paXyHOK 3HIIKEHHS HAmpyrd Ha
ny3l, 3a0e3neuye 3MEHUICHHsS €HEeprii, TEeIUIOBKJIAJECHHS, 3BaplOBAJIbHUX HAIpyT, 3/ApiIOHEHHS
MIKpPOCTPYKTYPH, 3MEHILIEHHS] MDKaTOMHOI BIZICTaHi, MiJBUIIEHHS MIXXaTOMHHUX 3B 3KiB 1 yJIapHOi
B '13KOCTI 3BapHUX 3’€IHaHb B 2 — 2,5 pasu.

BcranoBienHi 3aKOHOMIPHOCTI i po3polieHuit crnocio OJIHOCTOPOHHBOTO
BHUCOKOIIIBHJIKICHOT'O 3BapIOBaHHA TPyO Ui ra3o- 1 HaTONPOBITHUX MaricTpajiel CKIaJOBUM
€JIEKTPOJOM MOXKYTh OyTH BUKOPHUCTaHI MIPU OJHOCTOPOHHHOMY BHCOKOIIBHUIKICHOMY 3BaplOBaHHI
KOTJIIB 3QJII3HUYHUX [IUCTEPH.

[Momanpimi mOCHIIKEHHS B JaHOMY HANpsIMKYy € TEepPCHEKTUBHHUMH, TaK $IK JI0O3BOJISTH
PO3pOOUTH HOBI MPOIECH OJHOCTOPOHHHOTO BHCOKOIIBHIKICHOTO 3BapIOBaHHS, IO 3a0€3MEeUyIOTh
MiBUIIIEHHS CTA01IBHOCTI, SKOCTI Ta YAapHOT B'I3KOCTI 3BapHUX 3'€THAHb.

BUCHOBKHA

TpyOu nns razo- 1 HAQTONMPOBIIHUX MaricTpajel eKCITyaTylOThCSl MPU BUCOKMX THUCKAX 1
HU3BKUX TEMIepaTypax, TOMY BUTOTOBIISIOTHCA 3 BUCOKOMIIHUX CTajiei, IpU 3BapIOBaHHI SKHX
TPYJHO 3a0€3MeYUTH YIapHY B SI3KICTh 3BApHUX 3’ €THAHb.

[Ipu 3BaproBaHHI TPyO 3HAUHO 3POCTA€ MArHITHE I0JIe 3BapIOBAJIBHOIO CTPYyMY, MarHiTHe
TyTTsI, €JIEKTPOMAarHiTHa CUJa BIAXWJISE AYTy B CTOPOHY MEHIIOTO MArHITHOTO IOJs O OOpHBY,
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JOBXHHA TYTH 3pOCTA€, CTaOUIbHICTH MpOIECy 1 (POpMYyBaHHS MIBIB OPYIIYETHCS, IO TPU3BOAUTH
710 3HIKEHHS yJIapHOi B’SI3KOCT1 3BapHUX 3’ €THAHbD.

[Tpupoza 3HMKEHHS yJapHOi B I3KOCTI 3BapHUX 3’ €IHAHB IPH €JIEKTPOAYTOBOMY 3BapIOBaHHI
OJIATAa€ B HArpiBaHH1 MeTasa 1IBa 1 30HU TEPMIYHOTO BILTUBY, TEIUIOBKIIAJICHHS, MIKPOCTIOTBOPEHHS
KPUCTATIUHOI PEIIiTKU, MIKPOHAINPYT, IIUIBHOCTI AUCIOKALIH, BUHUKHEHHI 3BapIOBAIbHUX HATIPYT,
3pOCTaHHI MI>KaTOMHOT BIJICTaH1 Ta 3HMKEHHI MI)KaTOMHHUX 3B’ SI3KiB.

EdexTnBHUM cnocoOOM 3HMKEHHS €HEprii € MiABHIIEHHS MIBUAKOCTI 3BapIOBAaHHS, IO
3MEHIIIY€ TIOTOHHY €HEeprito, 1 Hanmpyry Ha ay3i. CKOpOYEeHHS NOBXKWHU AYTH 1 HaIpyrd Ha Jy3i
MPU3BOANUTH 10 3HMKCHHS JIF0Y0i Ha JIyTy €JIeKTPOMArHITHOI CHJIM, IMiJBUIICHHIO CTaOUILHOCTI
MpoIIeCy, SAKOCTI MIBIB 1 yIapHOI B’SI3KOCTI 3BAPHUX 3’ €/THAHbD.

Bcranosneno, mo cratnuna xapakrepucruka Uy = f(l) mpu |7 = const Bigkpuroi ayru, mo
TOpUTh Ha CTPIYKOBOMY €IEKTpOAl, sIK 1 Ha apoTsHoMy, mae U — o0pa3ny ¢opmy. Ilagaroua
XapaKTEePUCTHKA MPU MAJOAMIIEpHIN 1y31 IEPETBOPIOETHCS Ha He3anexHy. [lepexia 10 3pocrarodoi
XapaKTePUCTHKH BiAOYBAETHCS ISl CTPIYKOBOIO €JIEKTPO/Ia P HIKYKMX 3HaYeHHIX cTpymy (I = 90
A), vix ps gpotsioro (I = 200 A), MO NOSCHIOETHCS TPUMUHEHHSAM 3POCTAaHHS TUIONI KaTOAHOL
IUIIMA Ha CTPIYIll Yepe3 OOMEKEHICTh Iepepidy NMpU HIKYUX 3HAYCHHSAX CTPYMY IOPIBHSHO 3
aporom. IIpu omnakoBomy 3HaueHHI ctpymy (I > 90 A) ayra, 1110 rOpUTH y BiAKpHUTIii aTMocdepi Ha
CTPIYKOBOMY €JIEKTPO/I1, OLIbIlIE CTUCHEHA, HIXK Ha IPOTSIHOMY.

[Ipy 0JHOCTOPOHHHOMY BHCOKOIIBHUIKICHOMY 3BaproBaHHI Ha HHU3bKiM Hampy3i Ha ay3i
3MEHIIYETBCS EHEPrisi, 3pOCTa€ IMIBUAKICTH OOEpTaHHS 1 OXOJIO/KEHHS OyTH, TlaMeTp AyTd
3MEHIIY€EThCA, Ayra KOHIIEHTPYEThCS, €(EKTUBHICTh TEIUIOBKIIAJICHHS 3pPOCTAE, 30Ha TEPMIUHOTO
BIUIMBY CKOPOYYETHCS, 3a0€3MeUy€eThCsl CaMOPETYIIIOBaHHs, piBHOBara, sikicHe ()OpMyBaHHS IIBIiB 1
MiBUIICHHS yAapHOi B S3KOCTI 3BapHUX 3’ €THAHb.

Po3pobreno mporec 0JHOCTOPOHHBOTO BHCOKOUIBHAKICHOTO 3BaproBaHHsS TpyO Juis raso- i
Ha(TOMPOBIHUX MaricTpaneil CKJIaJOBUM €IIEKTPOJIOM, SIKUM, 32 paXyHOK 3HIIKEHHS HANpyrd Ha
ny3l, 3a0e3neuye 3MEHLICHHsS €HEeprii, TEeIUIOBKJIAJECHHS, 3BaplOBAJIbHUX HAIpyr, 3/ApiIOHEHHS
MIKPOCTPYKTYpH, 3MEHILIEHHSI MD>)KaTOMHOI BiICTaHi, MiJABUIIEHHS MI>KaTOMHHX 3B 'A3KiB 1 yAapHOL
B '3KOCTI 3BapHHUX 3’€HaHb B 2 — 2,5 pa3u. MiHIMyM eHeprii — MakCUMyM YJapHOi B A3KOCTI
3BapHUX 3’ €THAHb.
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Ilerunun C.B., llletununna B.U.
CTATHYECKAS XAPAKTEPUCTHKA CBAPOYHOM AYT'H

Tpybul 0ns 2azo- u Hedhmenpo8OOHbIX MaUCMpaell SIKCHIYAMUPYIOMCSL 8 YC0BUAX BbICOKUX
O0asieHull U HU3KUX memMnepamyp, nosmomy U3omasiusaomcs U3 6blICOKONPOYHbIX cmaiel, npu
ceapke Komopwix mpyoHo obecnedums YOapHyI0 853KOCMb CEAPHLIX COEOUHEHULL.

Ilpu snexkmpoodyzo6oil ceapke mpyd 011 2a30- U HephmenpogooOHvIX Mazucmpanel
803pacmaem MacHUmMHoe nojie CeapoYHO20 MOKA U INEeKMPOMASHUMHAS CUNd, KOMOPAs OMKIOHEem
0y2y 8 CMOPOHY MeHbULe20 MACHUMHO20 o 00 00pblea, CMAOUILHOCIb npoyecca U hopMuposanue
U608 HApPYWLaemcsl, 4mo NPUBOOUM K CHUNCEHUIO YOAPHOU GA3KOCMU CBAPHBIX COeOUHEHUL.
Ymenvwenue onunvl oyeu u nanpsasicenus Ha 0yee cCHUdiCaem 1eKmpoMaHUMHYIO CULY, NO8bluAem
CcmaoburbHOCMb Npoyeccd, Kauecmeao W08 U YOapHYIo 8A3KOCMb CEAPHBIX COEOUHEHUIL.

Ilpupooa cuudicenuss yOapHoUl 853KOCMU CEAPHBIX COeOUHEHULL NPU IeKmpoOoy2080U ceapke
3aKnI0uaemcs 8 HA2pesanul Memanid Wed U 30Hbl MEPMUYEcKO20 GIUAHUS, MENN08I0HCEHUU,
MUKDOUCKANCEHUU KPUCMANTUYECKOU peulemKU, MUKPOHANPANCEHUU, HIOMHOCMU OUCTIOKAYUU U
B03HUKHOBEHUU CEAPOYHBIX HANDANCEHUU, YBETUUeHUU MENCAMOMHO20 PACCMOAHUL U CHUNCEHUU
MeANCAMOMHBIX c6s3el. DppexmusHvim cnocoboM CHUMCEHUS DHeEpeuu A6IAemcs NOGblUUeHUe
CKOPOCMU C8APKU U HANPANCEHUSL HA O)2e.

Yemanosneno, umo cmamuueckasn xapaxmepucmuxa Un = f(I) npu 1l = const omkpwimoti
oyau, 2opawell Ha N1eHMOYHOM d1eKmpode, Kak U HaA npogonouHom, umeem U — obpasuyio
dopmy. Ilaoarowas xapakmepucmuka npu MAai0aMnepHol oOyze nepexooum 6 He3a8UCUMYIO.
Ilepexoo k so3pacmaroweli xapaxkmepucmurke npoucxooum 0s J1eHmMoOYH020 31eKmpooa npu 6o.ee
Huzkux sHawenusx moxa (I = 90 A), uem Ona nposonounoco (I = 200 A), umo obwsacusemcs
npekpawjeHuem pocma niowaou KamooHo20 NAMHA HA JeHme U3-3ad 02PAHUYEeHHOCIU Ce4eHUsl npu
Oonee HU3KUX 3HAYEHUSX MOKA NO CPA8HEeHUI0 ¢ npoeoniokou. Ilpu oounaxkosom snadenuu moka (I >
90 A) oyea, copawas 6 omKpvuImou ammocgepe Ha IeHMOUYHOM dNleKmpooe, bollee cocama, 4em Ha
NPOBOTOYHOM.

Ilpu o0noCmopoHHell BbICOKOCKOPOCMHOU C8APKe HA HUSKOM HANPSAJNCEHUU Ha oyee
VMeHbUaemcs: IHep2usl, NOBGbIULAEMC Sl CKOPOCMb 8PAUEeHUs U OXTaXCOeHUs 0yeU, COKpaujaemcs
ouamemp Oyeu, 0yea KOHYEHmMpupyemcs, 2¢)hexmusHocmy menyiosiodceHus 603pacmaem, 30Ha
MepMU4ecKo20 GIUAHUAL COKpauwjaemcs,  YCUIUBAEMC CAMOpe2yIuposanue,  pasHosecue,
cmaburbHOCMb npoyeccd, KauecmeeHHoe GopMuposanue Weos U nosviiueHue yOapHou 633K0Cmu
CBAPHBIX COCOUHEHUU.

Paspaboman npoyecc oonocmopoHHell 6blcOKOCKOPOCMHOU c8apKu mpyd 01 2a3o- U
HeghmenposoOHbIX Ma2ucmpanei COCMABHLIM 2JIeKMPOOOM, KOMOPbLIN 3a c4em CHUMCEHUS
HanpsdiceHuss Ha oOyee obecneuusaem YMeHbUICHUE IHEP2UU, MENI0BI0NCEHUS,  C8APOUHBIX
HAanpsdxfCceHull, UsMelbyeHue MUKPOCMPYKMYpPbl, VYMeHbUleHUe MeHCamoMHO20 PAcCMOsHUA,
NOBbIUEHUE MEHCAMOMHBIX C8A3€ell U YOAPHOU Bi3KOCMU C8APHBIX coeduHeHull ¢ 2 — 2,5 pasa.
Munumym sHepauu — maxcumym yOapHou 8s3K0CMU C8APHLIX COCOUHEHUI.
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Knwuesvie cnoea. Cmamuueckas xapakmepucmuka Oyeu, HU3Koe HanpsaxceHue Ha 0ye,
cmabunvbHoCmy npoyecca,  0OHOCMOPOHHAS BbICOKOCKOPOCMHA c8apka mpyb Oisa 2da30- U
HeghmenposooHbIX mazucmpanel, YOapHas 653K0CMb CEAPHbIX COeOUHEHUIL.

Shetinin S.V., Shetinina V.I.
THE WELDING ARC STATIC CHARACTERISTIC

Pipes for gas and oil pipelines are operated at high pressures and low temperatures, which is
why they are made from high strength steels, which make it difficult to ensure the welded joints impact
toughness.

In electric arc welding of pipes for gas and oil pipelines, the welding current magnetic field
and the electromagnetic force increase, which deflects the arc towards a lower magnetic field until it
breaks, the process stability and the welds formation are disturbed, which leads to a decrease in the
welded joints impact toughness. Reducing the arc length and the arc voltage the reduces the
electromagnetic force, increases the process stability, the welds quality and the welded joints impact
toughness.

The nature of reducing the welded joints impact toughness in electric arc welding consists in
heating the weld metal and the heat-affected zone, heat input, microdistortion of the crystal lattice,
microstress, dislocation density and the welding stresses occurrence, increasing the interatomic
distance and reducing interatomic bonds. An effective way to reduce energy is to increase welding
speed and arc voltage.

It has been established that the static characteristic Uz = f(l) at |7 = const of an open arc
burning on a strip electrode, as well as on a wire one, has a U-shaped shape. The falling
characteristic with a low-ampere arc becomes independent. The transition to an increasing
characteristic occurs for a strip electrode at lower current values (I = 90 A) than for a wire electrode
(I' =200 A), which is explained by the cessation of growth in the cathode spot area on the tape due
to the limited cross section at lower current values along compared to wire..At the same current
value (1 >90 A), the arc burning in the open atmosphere on a strip electrode is more compressed
than on a wire one.

With one-sided high-speed welding at low voltage, the arc energy is reduced, the speed of
rotation and the arc cooling is increased, the the arc diameter is reduced, the arc is concentrated,
the heat input efficiency is increased, the heat-affected zone is reduced, self-regulation, balance, the
process stability are enhanced, high-quality welds formation and increase the welded joints impact
toughness.

A process for one-sided high-speed welding of pipes for gas and oil pipelines with a composite
electrode, which, by reducing the arc voltage, reduces energy, heat input, welding stresses, refines
the microstructure, reduces the interatomic distance, increases the interatomic bonds and the welded
joints impact toughness 2 - 2.5 times, has been developed. Minimum energy - maximum the welded
joints impact toughness.

Keywords. Welding arc static characteristic, low arc voltage, process stability, one-sided
high-speed welding of pipes for gas and oil pipelines, welded joints impact toughness.
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