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skskosk

B cratbe U3n0KeHbl pe3yNbTaThl UCCIEIOBAHUMN, BBIMIOJIHEHHBIX JIJISl TOCTPOEHUSI aBTOMAaTHYECKOM
CHCTEMBI PErYJUpPOBaHUs TIyOWHBI TMPOIUIABJICHUS TPH aproHOAYrOBOH CBapKe MO CHTHAJIaM O
KOJICOAHUAX CBApOYHON BaHHBL [IpemiokeHbl METOIBI KOHTPOJIS M AJTOPUTMBI YIIPABICHHUS
IIPOLIECCOM aprOHOAYIOBOM CBapKd OTBETCTBEHHBIX KOHCTPYKLMU II0 OCLMJLISALUU CBApOYHOMN
BaHHBI U BBIJICJICHHUS CIIEKTpa KoJeOaHuUH.

Kniouesvle cnoea: cBapodHas BaHHA, BEMYMHA MPOIUIABICHHSA, ONTHYECKHH IAaTYMK, KAauecTBO
CBapKH.
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[Ipu UMIyIBCHO-AYTOBOM CBapKe MPH MOJTHOM MPOIIABICHUH CThIKA CBAPOYHYIO BaHHY
MOXXHO TIPEJICTAaBUTh TEOMETPUYECKOM MOJENbIo, HMerome cdepudeckyro ¢opmy [1].
PaccmorpuMm citywail, korja Ha CBapOYHYIO BaHHY B IPOLIECCE CBAapKH ICHCTBYIOT CHIIa
nasyienus qyru F,, cuna Tsokectu F, , cuiia OBEPXHOCTHOIO HATsDKEHMs F), , U CUJa BA3KOTO
tpenus F, (puc. 1); npu BeinonHeHun ycioBus (1) npoBucaHue CBApPOUYHON BaHHBI Z = Z,,.

YcioBue paBHOBECHsI CBAPOYHOM BaHHBI B 00IIEM BU/IE 3aITUCHIBACTCS yPaBHEHUEM

F =0 (1)

rac E — CHIJIBI, ﬂeﬁCTBYIOHIHe Ha CBApPOYHYIO BaHHY.

Beipaxenus ais cun F, UMeIOT BUIL:
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rac m_ KOB(p(pI/ILII/ICHT BS3KOI'O TPCHUS B CJIOAX CB&pO‘-IHOﬁ BaHHBI IIPpU €€ IBUKCHHU,

F _=4-7-0-n Vo 2)
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k — KO3 PUITMEHT MPOTMOPIIUOHATBHOCTH;
Vo — CKOPOCTb JIBHKCHUSI CJIOCB PACILUIABICHHOTO METaJla.
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PI/IcyHOK 1- C(l)epnquKaﬂ MOACIIb CBapO‘IHOﬁ BaHHBbI: F() — CHJIa JaBJICHUA AYTU; F - CHJIa TAXKECTU

8
CBapO‘IHOﬁ BaHHBbI, Fgm — CHJIBI BA3KOI'O TPCHUS IIPpU KoJIe0aHuH BaHHBbI, F » — CHJIBI ITOBEPXHOCTHOI'O

n
HATSKEHHS C HAPY)KHOM 1M BHYTPEHHEH MOBEPXHOCTH CBApOUHOit BaHHbI, ¢ — monymupuna cBapoYHOl BAHHSI;
n

P — npuBeAEHHAs Macca CBapOYHOI BaHHBI; o - TOJILIMHA CBAPUBAEMOr0 MeTailia; < — IPOBHCAHHE
cBapouHoii Bauubl [Spherical welding pool model: F, — arc pressure force; F . — gravity of the welding pool;

Fgm — viscous friction force when the bath oscillates; F' ... — surface tension forces from the outer and inner

m
surfaces of the welding pool; & — half-width of the primary bath; =~ "? — reduced mass of the welding pool;
O _ thickness of the metal being welded; < — sagging welding pool]
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Z[I/IHaMI/IKa IIOBCACHU A CB&pO‘IHOfI BaHHBI IIpU BapHuallun HCﬁCTBymHIHX Ha HEEC CHII
OIpCACIIACTCA YPaBHCHHUEM

N
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@
Hcnonb3ys BeIpaxkeHus (2) v moJaras, 4ro:
t=zgtAzs I, =1y +Al (5)
MOKHO 3aIIiCaTh JIMHCAPHU30BAHHOC BBIPAKCHUC I YPABHCHUA (4)
%'AZ"+4'7Z"5'77'M'AZ =2-k-(I, +Al)
? @ -z ©)

Pesynbrat pemienus ypaBHeHus (6) Mpu ckaukooOpa3HOM M3MEHEHHH CBAPOYHOTO TOKa
B MOMEHT BPEMEHH (| IPUBEACH HA PUCYHKE 2.
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Pucynok 2 — I'paduk xonebaHuit cBApOYHOI BaHHBI IIPH CKauKe CBAPOYHOTO TOKa B MOMEHT BPEMEHH 1| :
a — 3aKOH W3MEHEHHs CBapOYHOro TOKa; O — rpaduk konebaHus cBapodHoil BaHHbI;, [, /| — CBapOUHBIil TOK

IpY PABHOBECHU CBAPOYHOM BAHHBI M II0CTIE CKAUKa TOKA; Z(), Zmax¥ < — [IPOBHUCAHUE CBAPOYHOI BaHHbI

ycm
TPH € PAaBHOBECHH, MAKCHMAIILHOE 1 YCTAHOBHBILCCCS; [,,,,, — BPEMsl IIGPEXOIHOTO NPOLECCa;

Al=1; -1, =(0,02...0,05) - 2, [The oscillation graph of the welding pool when the welding current jumps at

atime?; : a—is the law of welding current variation; b — graph of welding bath oscillations; , I, I; — welding

current at equilibrium of the welding and after a surge current; zj, Z,,,x4 2 — sagging of the welding pool

yem

at its equilibrium, maximal and steady; ,,,,— time of transition; AI=1; —I =(0,02...0,05) -z, ]
CBapouHas BaHHa C MOMEHTa BPEMEHH t] COBEpILIAET 3aTyxaromiie konedanus. Yacrora
U aMIUTHTYyAa KOJeOaHWi CBapOYHOW BaHHBI 3aBHCIT OT TapameTpoB O, 1, ©, a. Jlerko
M0Ka3aTh, YTO YMCIIO KOJIeOaHUIl CBApOUHOI BaHHBI PaBHO:
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[IpuHIMI paboThl CUCTEMBI KOHTPOJSI TPOIUIABIEHUS CThIKA C HCIHOJIB30BAHUEM
nHpOpMaIIUK O KOJEeOAHUSIX CBAPOYHON BaHHBI 3aKJIFOYAETCS B BO3JACHCTBHUU Ha CBAPOYHYIO
BaHHY KpaTKOBPEMEHHBIX (HECKOJIbKO MUJUTMCEKYH]I) HWMIIYJbCOB ToKa. YactoTa u
aMILTUTy1a KOJeOaHW CBapOYHOM BaHHBI 3aBHCAT OT €€ Macchl. Macca CBapOYHOW BaHHBI
(YHKIIMOHATBHO CBSI3aHa C TIOyOMHOM mporuiaBleHus crhika. Chydail HEmoJIHOTO
MPOTUIABIICHUS CThIKAa COOTBETCTBYET CBAPOYHOW BaHHE ¢ MaJiol maccoul. [Ipu Bo3aencTBUM
HUMITYJTBCOM TOKA B HEH BO3HHMKAIOT CBOOOJHBIE KOJICOAHMSI MalOW aMIUTUTYAbI U OOJBIION
4acTOTHL. [IpyW MOJHOM IPOIUIABJICHHM CThIKA CBapOYHAs BaHHA MMEET OOJBIIYI0 Maccy, H
IoCJIe BO3ACHCTBHS KPAaTKOBPEMEHHOIO HMMIIYJIbCA TOKA B HEHW BO3HUKAKOT 3aTyXarolIUe
KoJiebaHus ¢ OOJIBIION aMIUTUTYAON U MEHbIel yacToToi. Ha mpakTuke, Korja UMeeT MecTo
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Mepexo] OT HEMpoBapa CTHIKA K MOJHOMY IPOIUIABICHHUIO, YaCcTOTa KOoJeOaHW CBapOYHON
BaHHBI CTyNeH4YaTo u3mensiercs B npeaenax ot 150 no 50 I'u (puc. 3). Kontposb namenenus
9acTOThl KOJeOaHWU CBapOYHON BAaHHBI IMO3BOJSICT MOJYYUTh HH(POPMAIUIO O KAdeCTBE
(hopMHpOBaHMSI IIIBA B TIPOIECCE CBAPKH.
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Pucynok 3 — I'paduk U3MEHEHHUS YaCTOThI KoJicOaHU CBApOYHON BAaHHBI IIPH M3MCHEHHUHU TJTyOHHBI
MIPOILJIABJICHUS CThIKA B 3aBUCUMOCTH OT U3MEHEHUs ToKa JiexkypHou qyru [The graph of the variation of the
oscillation frequency of the welding pool with a change in the depth of penetration of the joint versus the change
in the current of the pilot arc]

OcnumiorpaMMbl HalIpsDKEHUH Ha PUCYHKE 4 OTpakaroT MHGOPMAIMIO O KOJEOaHHUSIX
BHEIITHEr0 3epKajia CBapOYHOM BAHHBI MPHU BO3ACHCTBHH HMITYJIbCA TOKA C aMIUIUTYAOM L.
V3meHeHne HampspKeHUs AYTH MPHU MEPEXOJHOM TMPOIECCEe BHI3BAHO M3MEHEHHEM JIMHBI
JyTH 13-3a KOJIeOaHMs TIOBEPXHOCTH CBApOYHOU BaHHHI [2].
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Pucynok 4 — OcumyuiorpaMMBbl TOKa U HanpsDKEHMS (a, 0) ¥ COOTBETCTBYIOIIMA UM YaCTOTHBIN CIICKTP
KoseOaHU CBApOYHON BaHHBI JIIS CITydacB HETMOTHOTO MPOIIABICHUS CTHIKA (B) M ITOJHOTO MPOILIABICHHUS
creika (1) [Oscillograms of current and voltage (a, b) and the corresponding frequency spectrum of welding pool
oscillations for cases of incomplete penetration of the joint (c) and complete penetration of the joint (d)]
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UyBCTBUTEIBHOCTh CHCTEMBI 0 HANPSHKEHUIO TyTH K KOJICOAHUSM MOBEPXHOCTHOTO
CJOSl CBAapOYHOW BaHHBI BBIIIE IPU BEAECHUM IPOLECCA CBAPKM HAa KOPOTKOM nyre. s
BBIJICTICHUSI KOJICOAHWH HANpsDKEHUS TpU BO3JCHCTBHHM HAa CBAapOYHYIO BaHHY KaXKIOTO
UMITyJIbCa MCIIOJIB3YETCS PA3HOCTHBIM CHUTHAJ MEXIYy TEKYIIMMH ¥ HOMHHAJIbHBIMU
3HAYEHUSAMU HaNPsHKEHUH Tyru (IpUHIUI KOMIIEHcauu) (puc. 5).
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Pucynok 5 — OciuyuiorpaMMbl TOKa W HAMPSDKEHHS [IPYU UMITYJILCHO-TYTOBOM CBapKe C JOMOIHUTEIbHBIMU
KpaTKOBPEMEHHBIMU UMITYJIbCAMU BO30YKICHUsI, KOJeOaHMil CBapOYHOI BAaHHBI: a — HETIOJIHOE TPOILIaBICHHE
CThIKa (HenpoBap); 0 — HOpMaJIbHOE NPOIUIABJICHHE CTHIKA; B — MOJIHOE MPOIUIABICHUE CThIKA C TIPOBUCAHHEM
mBa (ciy4aii, omuskwuii k mpoxkory) [Oscillograms of current and voltage during pulsed arc welding with
additional short-term excitation pulses, welding pool oscillations: a — incomplete penetration of the joint (lack of
welding) b —normal penetration of the joint; c — complete penetration of the joint with sagging of the seam
(a case close to the burn-through)]

Jl1 OBBILIEHUS] YYBCTBUTEIBHOCTH K M3MEHEHHIO IPOIUIABJIECHUS CThIKA Ha pabouue
UMITyJbChl TOKAa W  HAOpsDKEHUS OT MCTOYHUKA IUTaHUSA JYTH  HAKJIAIbIBalOT
KpaTKOBpEMEHHbIE  (HECKOJBKO  MWIJIMCEKYHJ)  HMMIIYJIbChl, HE  BIUSIOIIME  Ha
IPOIVIABJISIONIYI0O CIIOCOOHOCTh IYI'M, HO MOBBIIIAIOLIME KOJICOATENbHBIM  XapakTep
CBapOYHOM BaHHBI, — TAK HAa3bIBAEMbIE UMITYJIbChI BO30YKACHUS.

Henocratkom crioco6a KOHTPOJIS TTyOUHBI POIIIABICHUS SBIISIOTCS Majble U3MEHEHUS
HanpsbkeHus nyru (He 6osee 0,5 B) mpu koneGaHMM MOBEPXHOCTH CBAPOYHOM BaHHBI. Jljis
HAJEKHOIO0 JCTEKTUPOBAHUSA MAaJbIX WM3MEHEHUN HAIpPsSOKEHUsA IYyrd CIEAYeT HMPOBOAWTH
CBapKy CO CTaOMIM3UPOBAHHBIM HCTOYHMKOM MHUTaHMS YT HA MUHUMAIBHOM HAIPSDKEHUH
ayru (KOpoTKas JJMHA Jyrd), M Jydlle B cpeae renus. UyBCTBUTEIBHOCTh crocoda
MU3MEHSETCA IIPU NIEPEXOJE HAa CBAPKY B PA3JIMYHBIX IIPOCTPAHCTBEHHBIX MOJIOKECHUSIX.

Jlpyroii cnoco® MHAMKAUKM KOJeOaHWN CBapOYHOM BaHHBI, KOTOPBIN oka3zaycs Ooiee
HQ/IeKHBIM Ha IMPAaKTHKE, 3aKIOYaeTcs B MCIOJIB30BAaHUM (POTOIUOJHBIX ONTHUYECKHX
YCTpOMCTB [3, 4].

1) Ontuyeckuii natyuk. s u3mepeHust kojeOaHMI CBAapOYHOM BaHHBI B CHCTEME
KOHTPOJISL HCIOJIb3YEeTCS NPUHIUI ONTUYECKOro oOHapyxkeHus. JlaHHas TEXHOJIOTHUS
M3MEpEHUs MPHUAACT CUCTeME OOJIBIIYI0O HAJEKHOCTh U MPOCTOTY MpuMeHeHus. CBapouHas
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BaHHA MMeeT OJeCTAIYIO (3epKaIbHYI0) MOBEPXHOCTh, (JopMa KOTOPOH 1Mo Mepe KoieOaHui
U3MEHSIETCS, MOAYJIUPYS OTpPak€HHBIM cBET ayru. JlaHHas MOAYJSILMS COCTOMT M3 JABYX
3 PEKTOB: MOIYIALNHU U3-32 U3MEHEHUS CKPBITON COCTABIIAIONICH ATUHBI IyTH U U3MEHEHUS
(GopMBI CBapOYHOI BaHHBI, KOTOpas IEHCTBYyeT Kak 3epkaio. Ecim moMecTHTh BXOJHOM
00OBEKTHB ONTHYECKOTO BOJIOKHA JUIS cOOpa 4acTH MOJYITHPOBAHHOTO CBETa BOJIM3U 30HBI
CBapKH U Mepeaarh Mo HeMy u3iaydeHue Ha GoToauos (puc. 6), TO IICKTPUYSCKUM CUTHAT OT
dorommona Oymer coxaepkaTh WHPOPMALKIO O YacTOTe KOJeOaHWs CBApOYHOW BaHHBI.
CurHaspl, MOJIyYeHHbIE TakuM O00pa3oM, HMMEIOT HU3KHE YypoBHM mnomeXx. Kosebanus
CBapOYHOW BaHHBI (HOPMUPYIOT Ha BbIXOJE (POTOAMOAA HYETKUH SIEKTPHUECKHI CHUTHAII,
KOTOPBIH BIIOCIIEICTBUN aHAIU3UPYETCS C TIOMOIIbIO KOMIBIOTEPA.

|

Hanpasnenude ceaprn

.

Pucynok 6 — Cxema yCTaHOBKH OITHYECKOIO JaTYHKa Ha CBAPOYHO ropenke: 1 — cBapo4Hast TOpenka;
2 — 00BEKTHB; 3 — ONITHYECKOE BOJIOKHO; 4 — IIOBEPXHOCTH cBapouHOM BaHHKI [Installation scheme of the optical
sensor on the welding torch: 1 — welding torch; 2 —lens; 3 —optical fiber; 4 — surface of the welding pool]

Peanuzanus curnana ¢ ¢poToauO1a U €ro CIEKTp AJS Ciydasi HeIOJHOTO MPOTUIaBICHUS
CTBIKa (HEempoBapa) MoKa3aHbl HA PUCYHKE 7.
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Pucynok 7 — BpeMeHHO# 1 4aCTOTHBIN TPadUKH 110 OCHWLISAIIUA CBAPOYHOW BaHHBI TIPH HETIOJTHOM
MIPOIUTABJICHHH, ITOJydIeHHBIe TPU 00paboTKe CUrHala Ha BBIXOZE onTHieckoro aaTduka [Time and frequency
charts for the oscillation of the welding pool with incomplete penetration, obtained by processing the signal at

the output of the optical sensor]
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2) Uudopmanus o yactoTe KojaeOaHui CBApOYHOI BaHHBI, TPUCYTCTBYIOIAs B CUTHAIE
or Qotoanona, ompexaensercs mnpeoOpasoBanueM Dyppe C TOMOIIBIO  CHEIHATHLHOTO
IpOrpaMMHOTO obecnieueHus [5].

[Ipumepsl cniektpa Oypbe, NOJyUYEHHBIE ISl ABYX TUIMUYHBIX peain3aluil (IOJHOTO U
HETIOJIHOTO TMPOIUIABJICHUSI CThIKA), TOKa3aHbl Ha pucyHkax 4 u 5. IlpeoOpasoBanue
OCYIIECTBISIETCS C TIOMOIIBIO TEXHOJIOTHU ObICTpOoro npeobpazoBanust Oypne (BI1D).

OmnpenenuB 4acTOTy KOJICOAHWH CBApOYHON BaHHBI, CUCTEMa KOHTPOJIS MPOILIABICHUS
CTBIKa BBIpaOaTHIBACT COOTBETCTBYIOLIEE KOpPpEKTHpyIollee BozaeiicTBue. JKemaemoe
3HAUEHUE YaCTOTHI B repIiax MoJydaroT MPOCTHIM pacdeToM 1o Gopmyie (8):

®)

rag€ T — MacCa BAHHBI,
Ox — HNOBCPXHOCTHOC HATSXKCHUC MATCpHaAJIa,
KOHCTaHTa CbOpMI)I JJ1d pC€aJIbHBIX CBAPOYHBIX BaHH HpI/I6J'H/I31/ITeJ'[BHO paBHa €IUHHLIC.

W3 ypaBHenus (8) sicHO, uro uyem OoJibllle Macca BaHHBI, TEM HHXKE YacToTa ee
kosebanuil. CiaenoBaTenbHO, €Clid TPeOyeTCsl BHIIOJHUTE CBAPKY C MOJHBIM MPOIIJIaBICHUEM,
HY)KHa CBapo4YHasi BaHHa Ooubiei macchl. CoriacHo dopmyrie (8) gacTora KojieGaHUN TaKou
BaHHBI OyJIeT CHUKEeHA. Maccy cBapOYHOM BaHHBI MOXHO OIEHUTH 110 dhopmyre (9):

p-h-r-d?
ms———, ©)
4
II€ P — IJIOTHOCTb;
h — TonmmuHa cBaprBaeMOro Marepuarna;
d — nMameTp cBapOYHOIl BaHHBI.
C yuerom ypaBHeHus (9) popmyna (8) Oymer uMeTh BU:
2 o
2> (10)
! d \m-p-h

[Ipy  UMIOYNbCHO-IYTOBOM  CBapKe  HEMIABALIUMCS  DJIEKTPOJIOM C  IOJHBIM
IPOIIABIEHHEM CTBIKOBOTO COEMHEHHUS U3 AyCTEHUTHOM cTamu mpu p = 8000 kr/m> u ox = 1
dbopmyna (10) mpumeTt BUL:

£ 00126
d-Jh '

Jns mBa MUPUHOM 7 MM M TONIIMHOM miacTuHel h = 3 MM pacueTHas yacToTa
KosiebaHui cBapouHOi BaHHbI cocTasiser f =31 I'm.

CDYHKI_[I/IOHaJ'ILHa CXCMa CUCTCMBbI YHPABJICHUA IMPOIUIABJIICHUEM CThIKA IO OCHUJIISIIHUN
CBElpO‘IHOfI BaHHBI IPUBCACHA Ha PUCYHKC 8.
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Pucynok 8 — @yHKIMOHANEHAS CXeMa CHCTEMBbI YIPaBJICHHUS IPOILIABICHHEM 10 OCLIMJULILIN CBAPOYHON BaHHEI
[Functional diagram of the penetration control system for welding pool oscillation]

B cucreme uis peanuzanuy MMITYJIbCHO-IYTOBOM CBapKH HETUIABSIIIUMCS AJIEKTPOJIOM
HCIIOJIb3YETCsl MHBEPTOPHBIA yripaBisieMblid ucTouyHuk nutanus (YUII), obGecreunBarommii
CTaOWIM3AIUIO TApaMETPOB TOKA U HANPSDKEHUS HA YPOBHE 33/IaHHBIX YCTAaBOK Yepe3 MaHesb
yIpaBieHUs WO OT KommbloTepa. Konebanusi cBapoO4YHONW BaHHBI B KaXKJIOM IIHKIIE
UMITYJIbCHO-JIYTOBOM CBapKH BBI3BIBAIOTCS KPATKOBPEMEHHBIMU HMMITYJbCAMU BO30YXKICHUS
JUIUTEIBHOCTBIO 2...3 MC, HAaK/IaJIpIBAEMbIMU Ha pabOuMii UMIYJIbC B Hayalle U KOHIE €ro
JNEUCTBUS B KaXJIOM IUKIe cBapku (puc. 9). Mudbopmanus o koneOaHUSX CBApOYHON BaHHBI
CHUMAETCS] ONTUYECKHUMH WU 3JIEKTPUUECKUMHU (IO HAMPSKEHUIO Ayru) Aaryukamu. Cxema
00pabOTKK CUTHAJIOB B CUCTEME YIPABICHUS BKIIOYAET CICYIOIINE STallbl:

— (UIBTpAIMIO CUTHAJIOB C TIOMOIIbIO HU3KOYACTOTHOTO GuibTpa [6];

— 3aIIUTy CXeMBbI MpeoOpa3oBaHUS CUTHAIA OT: MOIIHOW aJAUTUBHOW TMOMEXHU C
MOMOIIBI0 OJIOKA TaTbBaHUYECKON Pa3BsA3KU B IIU(PPOBOM U aHAIOTOBOM YaCTAX CUCTEMBI [7];

— ouu(dpoBKy CUTHAJIOB U Tepeaady UX 4epe3 YCTPOHCTBO cBsizu ¢ 00bekToM (YCO)
JUIS 4aCTOTHOM 00paboTku B koMmbioTepe [8];

— YacTOTHYIO 00pabOTKy CHTHajoB MO MmporpamMme oOpaboTku HHGPOPMAIMOHHOTO
CUTHaJIa ¢ ucnojib3oBanuem bIID [9].
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Pucynok 9 — ®opMa UMITYIHCOB MPU UMITYIILCHO-AYTOBOM cBapke: a — pabounit uMnynse (I, ty); 6 — UMIyIbC
B030Yy)aeHUA (15, ts), HATOXKECHHBIN HAa Ha4ajI0 pabodero mMmyinca [Pulse shape during pulsed arc welding:
a — working impulse (I, ti); b — excitation pulse (Is, ts), imposed on the beginning of the working pulse]

B cTpykTypy cucTemMbl aBTOMaTHYECKOTO YIPaBICHUS TOMUMO KOMIIbIOTEpPa C HA0OpOM
CHeNUaIbHbIX  Mepu(PepuiHbIX  YCTPOWCTB  (MPUHTEP, JUCIUICH,  MBIIIb)  BXOJIAT
yCUJIMTENbHbIE, M3MEpUTEIbHbIE U TNpeoOpa3oBarenbHble ycTpoiictBa Tuma ALIIL, ITAIIL
MHOTOKaHaJIbHBIH LHU(POBONM pPErucTpaTop OCHOBHBIX MapaMeTpOB CBAapKU (MMITyJbCHOTO
TOKa, HANpsOHKEHHs] YT, CKOPOCTU CBapKu, cuUrHaia otT (oTtoauona), (hopMUPYIOUIUiT
MacropT Ha TexXHoJoTHdeckuit mporecc [10]. 3anucanapie B perucTparope B HHGpOBOM BHJIEC
JaHHBIE O TapameTpax Ipoliecca CBapKU B aBTOHOMHOM pexume (0e3 KOMIbIoTepa) MpH
HEOOXOMMOCTH MOTYT OBITh paclieuaTaHbl Ha MPUHTEpE WK B pexume off-line o6padoTans
Ha KOMIIBIOTEpE.

Cucrema ympapjaeHus 10 nporpamme bII® BbelYuCISeT aMIIUTYIHO-YaCTOTHYIO
xapakTepucTuky (AYX) koneOGaHuMii CBApOYHON BaHHBI B TEPHUOJ JCHCTBUS Ka)IOTO
UMITyJbCAa CBapKM W UMIYJIbCa May3bl [0 CUTHAIY C ONTHYECKOTO JaTdyhKa WU
ANeKTpUYecKoro Aaruuka (puc. 10).
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Pucynok 10 — Onpenenenne kadectBa cBapku o uaeHTudukannu AUX komebaHuit cBapOYHOIT BAHHEI B
TIepUO/IBI UMITYITbCa M TAY3HI B T-M nukie cBapku [Determination of the quality of welding by identifying the
frequency response of the welding pool oscillations during periods of impulse and pause in the welding cycle]
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YacrotHelii aHanu3 nojoxxeHus nuka AYX kxoneOaHMil cBapOYHON BaHHBI B IEPHOJ
JEWCTBUSL UMITYJIbCA M Tay3bl Ha KaXJIOM i-M LIMKJIE CBAPKH B COOTBETCTBUH C TaOIHIICH
KadyecTBa cBapku (puc. 10) mo3BoisieT GopMUpOBaTH KOPPEKTUPYIOIIUN CUTHA YIPABICHHS
nmo Toky I'wu cBapouHoro mmmynbca [11]. Omnpenenennbie 3HaueHHS ['wy MCHONB3YIOT IS
CTa0MIM3alui TIyOWHBI TPOIUIABJICHUS CTBIKA TP JEHCTBHM B TMpoOIlecce CBapKu
TEXHOJIOTHYCCKUX Bo3MyIeHuH [12, 13].

ANropuT™M pabOThI KOMIIBIOTEPHOH CHUCTEMBI YIIPABICHHS B PEaJbHOM BpEMEHH (3a
Ka)KIbIi LIMKJI CBApKH) IPUBE/IEH Ha pucyHke 11.
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Pucynok 11 — AnroputM 00paboTKH TaHHBIX B KOMITBIOTEPHON CHCTEME YIIPABIICHUS IPOTUIABIICHIEM
[Algorithm of data processing in computer control system of penetration]

Takum o6pa30M, o pe3yibTaTaM INPOBCACHHBIX TCOPETUUYCCKUX U SKCIICPUMCHTAJIbHBIX
HCCIIeJOBaHUI NpCaJIOKCHBI METOAbI U AJITOPHUTMbI IMOCTPOCHHA CUCTEM AaBTOMATHYCCKOI'O
YIIpaBJICHUA MTPOLECCOM apFOHOI[erBOﬁ CBApKH, B OCHOBY KOTOPBIX 3aJIOKCHA 3aBUCHUMOCTDH
CIICKTpa KoJieOaHMit CB&pO‘lHOfI BaHHBI C BEIMYMHOM IPOIINIaBJICHHA CBAPpUBACMOI'O0 U3JCIINA.
Cucrema YIOpaBJICHUA MOXKET OBITH PCKOMCHIOBAaHAa IIpU IIPOU3BOACTBC KOHCpr’KI_II/Iﬁ
OTBCTCTBCHHOI'O HAa3HAYCHU .
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Abstract — The article presents the results of studies carried out to build an automatic system for
regulating the depth of penetration during argon-arc welding using signals of welding pool
oscillations. Methods of control and algorithms for controlling the process of argon-arc welding of
critical structures by welding pool oscillations and extraction of the oscillation spectrum are
proposed.

Keywords: welding pool, the amount of penetration, optical sensor, welding quality.
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