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Annomayus: 1enpro paboTHI SBISETCS aHAIN3 MPOLECcca UMITYIbCHOH CBapKH BBICOKOBOJIBTHBIM Pa3psiioM KOHICHCA-
TOPOB C HCIIOJIB30BAHIEM MarHUTHO-UMITYJIECHOTO MPUBOJIA IS MOTYyYCHHUS COCANHEHHI Pa3HOTOJIIMHHBIX H Pa3HOPO.I-
HBIX JIETAJIEH.

AHanu3 nporecca BEICOKOBOJILTHON MMITYJIbCHOM CBapKH OCYIIECTBIISIICS Ha OCHOBE JIEKTPOIMHAMUKH, TEOPHHU dJIEK-
TPO3PO3UOHHOI 00pabOTKH, AMCIOKAMOHHOW TeOoprH 00pa3oBaHMs CoeAMHEHUI B TBepaoi (aze. KauectBo cBapHOTrO
COCIMHCHUA OLCHMUBAJIOCH MO PE3YyJIbTaTaM UCHOBITAHUN Ha MEXaHUYECCKYIO IMTPOYHOCTH, TEPMOIUKIMPOBAHUEM, METAJLIIO-
rpadUUIeCKUMH UCCIICAOBAHUSME ONITUYECKOM 1 3JICKTPOHHOIYUEBOW MUKPOCKOITHH.

O06paboTKa MaHHBIX 3KCIEPUMEHTANBHBIX HCCICIOBAHUNA TEXHOJOTHUYECKOTO MPOLIECcCa, aHAIN3 BBIPAKCHUS MArHHT-
HOTO JIaBIICHUS Yepe3 MapaMeTpsl 000pyJ0BaHUs OMPEIeTHId HEOOXOJUMOCTh UCCICAOBAHHS XaPAKTEPUCTUK MepeHana-
JKHBAEMOT0 TeHepaTopa UMIYIbCHBIX TOKOB. Ompenesnsiach cOOCTBEHHAs M padoyas 4acToTa pa3psgHOrO KOHTypa HpH
MOAKIIIOYSHUH ONPENeNICHHOr0 YNCIa CEKIUA ¢ pa3IHMYHBIMH THIIAMH CTaHAAPTHBIX UMITYJIECHBIX KOHICHCATOPOB C HC-
MOJTE30BaHHEM MAaJIOWHIYKTHBHBIX TOKOIOJBONOB. PerucTpanuro nm3MepeHuid cOOCTBEHHBIX U PabOYiX MapaMeTpoB KOH-
Typa IpH NOAKITIOYCHHN CEKIMI HAKOMHUTENS U HHAYKIHOHHO-THHAMUYECKOTO PHBOJIA MPOU3BOAMIHI C UCIIONB30BaHUEM
COBPEMEHHOTO IIU(PPOBOTO 00OPYIOBAHUSL.

B pesynbrare aHanmu3a BEICOKOBOJIBTHOM NMITYJIECHOW CBAPKH ¢ MarHUTHO-UMITYJIbCHBIM IPHBOJIOM YCTQHOBJICHO, YTO
NP MCIOJIB30BaHUH MarHWTHO-MMITYJICHOTO IIPHBOJA C HCXOAHBIM 3a30pOM 3a CYET U3MEHEHHSI MacChl TOJIKATeIIs U Be-
JIMYMHBI 3230pa MOXKHO PEryJIHPOBATH SHEPTOBIOKEHHE B 30HY cBapku. UeM GoIblle HCXOIHBIN 3a30p M Macca TMOIBHIK-
HBIX DJIEMEHTOB, TeM OOJBIIC 0N TEIJIOBOTO BO3ACUCTBHs. [Ipu cBapke KPYyMHOraOAapUTHBIX CTEPIKHEBBIX CTajCi
(d=15-20 MM) HEOOXOMMO HCIIOIB30BATH BHICOKOYACTOTHBIE TE€HEPATOPHI UMITYJILCOB TOKa (COOCTBEHHOW 4acTOTOM 60-
aee 50 k['wr), obecrneunBarOIUX CMEHY TTOJSIPHOCTH AYyTOBOTO Pa3psia H, Kak CIeICTBHE, YBEINYCHUE TUIOIAAN Pa30orpeBa
TUTIOCKO# JieTasu 3a cueT 3 eKkTa «MarHUTHOTO YThsD.

BBEJIEHUE

IIpu M3roTOBICHUN KOHCTPYKIMHA COBPEMEHHON TEXHH-
KW HapsAy C MCIIONB30BAHUEM TPAJAUITMOHHBIX CITOCOOOB MX
CBapku TpeOyeTcss MOISPHU3AIMS WIN pa3paboTKa MpHH-
[IUNHAAIBHO HOBBIX CIIOCOOOB, oOnmamarommx Oolee MIMpo-
KAMH BO3MOXHOCTsIMH. OCOOEHHO OCTPO CTOUT BOIPOC
0 MOJYy4YeHUU pa3sHOpoAHbIX neraneld. [lomydenuwe Takux
COQIII/IHCHI/Iﬁ CBA3aHO C Pa3IMYHBIMU YCJIOBUAMHU TEIIJIOOT-
Boja. CIOXHOCTb TPEJCTaBIISICT CBapKa IBETHBIX OJIHO-
pPoAHBIX M pasHopoaHbix MeTauioB [1; 2]. KoHcTpykTHB-
HBIC BHJIbI PA3HOPOJIHBIX CBAPHBIX COCIWHCHHI IMPEICTaB-
JICHBI Ha pUCYHKE 1.

8

Puc. 1. KoncmpyxmusHvle 6u0bl pasHOPOOHLIX COEOUHEHUIL:
a — cmepoicerb — OUCK; 6 — CMePIICHU BCMbIK;
6 — mpybouamsie Oemanu Uiy 2atKu noavle ¢ NAACMUHOU

Ha mnpaxTuke 4Yaiie BCero BCTPEYAIOTCS COEIUHEHHS
TUNA «CTEPKEHb — AUCK». I MONydeHHs COEAUHEHUMH
«CTepXKEHb — JUCK» HEOOXOIUMO HCIHOJNB30BAHUE HM-
MYJBbCHBIX MPOLIECCOB, COYETAIONINX CHIIOBOE M TEIIOBOE
BO3/ICHCTBUS Ha COENUHSAEMbIE TOBEpPXHOCTH. MIMeHHO Ta-
KHM CHOCOOOM SIBJISIETCS. BBICOKOBOJIbTHAsl HWMITYJIbCHAS
ceapka (BUC) [1]. [nsd monydYeHHs TAaKUX CBapHBIX
COCIMHEHUH 11eIeco00pa3Ho MCIONIB30BaTh KOJeOaTebHBIN
3aTyxarommil paspsn. OH JleTKo peann3yeTcs NMpH paspsizie
a GaTapeii KOHIECHCATOPOB Ha MHAYKTUBHYIO Harpys3Ky [2].

B cratbe mpencraBnens! uccnenoBanus npouecca BUC
6e3 (opMHpOBaHUS BBICTYNa C WCXOAHBIM 3a3opoM. [lpum
CBapKe IBETHBIX METAJUIOB CBAPHOE COEIMHEHHE IOJIKHO
ObITH MOJTyYeHO B TBepmoit ase [3; 4].

METOJMKA MPOBEJEHUSA UCCJIIEJJOBAHUSA
JI1s motydeHus: UMITyJIbCHOM MEXaHMYECKOH Harpys3ku
o B LIENb I€HEpaToOpa UMITYJIbCHBIX TOKOB CO CBapHBAEMBIMU
JIeTasIMH  OBUT  TTOCJIEJOBATENbHO BKIIOYEH MAarHUTHO-
uMITyJIbCHBIN mpuBoa (MUIT) [5-7].
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MarHuTHO-UMIYJIbCHBINH NPUBOJA COCTOUT U3 ILIOCKOTO
WHAYKTOpa, TOBEpPX KOTOPOTO pa3MeEIleH TOJKATeNb.
B mporiecce paspsiaa 6atapeil KOHAEHCATOPOB (PUCYHOK 2)
HaBOJSATCSI BUXPEBbIE TOKU B ToJsIKaTese. B3aumoneicreue
BUXPEBBIX TOKOB B TONKATelle C MArHUTHBIM IIOJIEM
WHAYKTOpPa MPUBOAUT K BO3HHUKHOBEHHIO MATHUTHOTO
JIABIEHUS TeM CaMbIM MEXaHHYECKOTO BO3ACHUCTBHS Ha
CTepKHEBOI 3emeHT [8].

Ky 1

Puc. 2. Paspaonuiii koumyp ycmpoticmea BUC ¢ MUII:
1 — monxamenw, 2 — cmepoicHesou snemeHm,
3 — nnacmuna; 4 — ousnexmpuueckas 6cmaexa,
| p — paspsaousiil mox; Py — macnumuoe oasietue;
Ky — kommymupyrowjee ycmpoiicmeo;
C — emKoCcmHbILL HAKONUMENb IHEPUU

B mpouecce cBapku BBISIBICHBI SHEPreTHYECKUE U Te-
oMeTrprdeckne mapamerpsl [9], BimsIOmIHE HAa KAueCTBO
MOJIy9aeMbIX CBapHBIX COCIMHEHHWI: pabodee HampspKEHHE,
U=1-+10000 B; eMKoCTp  HAKOMUTEIHLHOrO  OJIOKA,
C=12+2400 ®; yncno ButkoB uuaykropa MUIIL, N=3+10 BT;
muamerp crepxssa, D.,=4+25 w™wMm; dactoTa paspsna,
f=1000-20000 T; macca Ttomkarens, M=0,5+2,0 xkr;
nuamerp uHAykTopa, D,=50+250 mMm; ckopocTh mepeme-
menns Tonkarens, V,=20+100 m/c [10].

[Mapamerpsr pesxxumoB BUC ¢ MUII Ovimn cienyto-
Ie: €MKOCTh HakomuTeapHoro oOnoka C=2400 wmkd;
YHCIO BUTKOB MHAYKTOpa N=7 BT; TOJIIMHA IIACTUH
07=0,8 MmMm; crutaB JI63; nuaMeTrp CTEpKHEBOTO JIEMEHTa
D.,=10 mMm; macca Ttonkarens M=0,5 Kr; ucXoaHbBIH 3a-
30p A=0,2-2 mm [4].

3aBHCHMOCTH TIPOYHOCTH CBAPHOI'O COSIUHEHHUS OT HC-
XO/HOTO 3a30pa [4] mpu MOCTOSIHHOI BBOAMMO# 3HEPruu
W=8100 /I u uncne ButkoB nuaykropa MUIT N=7 Bt ams
Pa3IMYHBIX MaTePHAJIOB IPUBEIICHB! HA PHCYHKE 3.

[Mony4yeHHbIe CBapHBIE COSANHEHHS OBLIIA UCCIICIOBAHEI
MHKPOCTPYKTYPHBIM ONTHYECKHM M 3JEKTPOHHOIYYEBBIM
meromamu [11; 12].

MHUKpOCTPYKTYpHbBIE HCCIEIOBaHUS 00pa3LoB, IOIy-
YECHHBIX HA PAIMOHAIBHBIX PEXKUMAX CBApKH, MOKAa3aiu,
YTO TIpaHULA HA YYacTKaxX COCIMHEHHS XapakTepHa Ui
BBICOKOCKOPOCTHOM CBapKH METAJUIOB B TBepOii (hase [13—
15], umeercst YeTKast TMHUS pa3jiesia — 30Ha «CXBAThIBAHUS»
(pucyHok 4).

MHEKpPOTBEpAOCTh B 30HE CBAPKH MOBBIICHA, YTO TH-
MTUYHO JUTSL KJIACCHYECKOM MarHUTHO-MMITYJIbCHOM CBapKH U
cBapku B3psiBoM [16; 17].

EH
000

4000

3oon

2000

0o

2,0 zasop b, M

Puc. 3. 3asucumocme npouHOCMU CBAPHO2O COEOUHEHUS.
OM UCXOOHO20 3a30pa.:
1 —cnnas JI63; 2 — cnnae AM26, 3 — cnnae M1, D,,,=10 mm
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Puc. 4. Mukpocmpykmypa 30Hbl C8APHO20 COeOUHEHUs
meonozo cnnaea M1 co cnnasom J163

PE3YJbTATHI UCCJIEIOBAHUM

Ha ocHOBe mpoBeieHHBIX JKCIEPUMEHTAIBHBIX HCCIIe-
JIOBaHUi Ipoliecca BBICOKOBONIBTHON UMILYJIbCHOW CBapKH,
TEOPETHUECKOTO  aHajiM3a  aHAJOTWYHBIX  pas3psiiHO-
HMITYJIbCHBIX TIPOLIECCOB, TaKMX KakK yJapHash KOHJEHCa-
TOpHasl CBapKa, CBAapKa B3PBIBOM, MarHUTHO-MMITYJIbCHAs
CBapKa, BBIIBHHYTA THIIOTE3a O (OPMHUPOBAHHH COCIMHE-
uust B miporiecce BUC ¢ MUII [18; 19]. I'unotesa mo3BoIIH-
J1a BCKPBITh MEXaHU3M 00pa30BaHUs CBAPHOIO COCANHEHH,
KOTOPBIil YCIOBHO MOXKHO pa3bHTh Ha TPH CTaauH (pUCYH-
kub5,6u7).

Ipu cBapke ¢ MCXOJHBIM 3a30pOM (PHUCYHOK 5) 3a cuer
ABTOAJIEKTPOHHON 3MHCCHH OCYIIECTBIIETCS MPOOOH HC-
XOIHOTO 3a30pa — LENb 3aMbIKaeTCs, BO30YKIAeTcs M-
nynbcHas ayra [20].

TopeHne MMITYIBCHOM JyrW HA BTOpOH crTaanu (pucy-
HOK 6a, 6) oOecrieyMBaeT OIUIABJICHHUE CTHIKYEMBIX MO-
BEPXHOCTEHl M JIIEKTPOIPO3MOHHYIO OYHCTKY — BBIIUIECK
KHAKOTO METaIa C 3arpA3HEHUSIMH 3a CUeT JaBJIeHHs Ia-
poB Metaiia Pr,, [20].

[IporekaHne CHHYCOMAAIBHOIO TOKa OOYyCIaBIMBaET
BO3HHUKHOBEHHE 3()(eKTa «MarHUTHOTO AyThs» [4], TO ecTh
OTKJIOHCHHE MMITYJIbCHON Ayru (PUCYHOK 6 B, T) B pa3ind-
HBIE TIEPHOJBI Pa3psiia TOKA, YTO MO3BOJSET YBEIUYUThH
IUIOIIA/b Pa3orpeBa.

Ha tpetseit craguu [20] mox meficTBHEM MarHUTHOTO JaB-
JICHUsI TIPOUCXOAUT COJMIKEHHE OYMILCHHBIX ITOBEPXHOCTEH,
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)

a ' 5

Hcxoonoe cocmosinue Hckposotii npoboti

Puc. 5. Ilepsas cmaous npoyecca 6biCOKOBOIbMHOU UMNYIbCHOU CEAPKU ¢ MASHUMHO-UMNYIbCHLIM NPUBOOOM

Puc. 6. Bmopas cmaous 8blcOKO80IbMHOU UMNYIbCHOU C8APKU C MACHUMHO-UMNYIbCHBIM HPUBOOOM

3oHa crUIaBIeHHA

[ S

coBMecTHaA AelopMalus, cBapka B TBepHoit dase

BBITLIECK 3KHIKOTO MeTaUla NIPH COyAapeHHH

Puc. 7. Tpemwvs cmaous npoyecca 6blCOKOBOIbMHOU UMNYIbCHOU CBAPKU € MASHUMHO-UMNYIbCHBIM NPUBOOOM
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BBITUIECK KHUAKOTO METallla MPU COYJapeHUH, COBMECTHAsI
nedopmanus, o0pa3oBaHUE CBAPHOTO COCIUHEHUS B TBEP-
noit ase (pucyHok 7).

BbIBO/IbI

B pesynbTate NpoBENEHHBIX SKCHEPUMEHTANbHBIX HC-
crenoBanuit [4] monydyeHus CBapHBIX COCTHMHEHUH CTEpIK-
HEBBIX J€TaJlell C JUCTOBBIMU U3 I[BETHBIX METAJUIOB U HX
CIJIaBOB B OJHOPOJHOM U Pa3sHOPOJHOM COYETAHUSIX MOX-
HO CZIeTIaTh BBIBOJI, YTO TEXHOJIOTHIO CBAPKH C MCXOIHBIM
3a30pOM I1e7eco00pa3HO UCIIONBH30BATh ISl CBAPKU Pa3HO-
POIHBIX LBETHBIX CILIABOB.
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Abstract: The goal of this work is to analyze the process of pulse high-voltage compensator discharge welding using
the magnetic pulse drive to obtain the joints of heterogenic parts of different thickness.

The analysis of high-voltage pulse welding was carried out on the basis of electrodynamics, the theory of electric ero-

sion machining, and the dislocation theory of solid phase joints formation. The quality of welded joints was evaluated ac-
cording to the results of mechanical performance tests, thermal cycling tests, metallographic examination of optical and
electron-beam microscopy.

Experimental research data processing, the analysis of expression of magnetic pressure in terms of equipment parameters
specified the necessity of research of characteristics of versatile surge-current generator. The author determined the natural
and operating frequency of discharge circuit when connecting a certain number of sections with different types of standard
pulse condensers using low-inductance tubes. Records of measurements of natural and operating circuit parameters when
connecting accumulator and induction dynamic drive sections were carried out using modern digital equipment.

In the result of analysis of high-voltage pulse welding with magnetic pulse drive it was established that when using
magnetic pulse drive with origin gap, it is possible to control energy input into welding area at the account of variation of
push bar mass and the gap width. The more are the origin gap and the moving elements mass, the more is the thermal ac-
tion quantity. When welding the large-sized core parts (d=15-20 mm), it is necessary to use high-frequency current pulse
generators (with natural frequency of more than 50 kHz) ensuring arc discharge polarity inversion and, as a consequence,
the extension of area of flat part heating at the account of the “magnetic blow” effect.
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