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Stress State of Flexible Plates with a Hole

The article is dedicated to solving of problems of nonlinear mechanics of plates and shells — problems
about stress-deformed state of flexible plates with hole under action of moment loading on “infinity”.

Solve of problems is offered to find with method of expansion of parameter of the external loading.
During the solving was determined, that the value of bending and power descriptions unlimitedly increase at
breaking from the edge of hole. For elaboration of regularization methods was conducted the survey and analysis
of problems from different fields of mechanics. On the basis of this survey was formed the new approach to the
solving of problem of regularization: it is offered to change the usual notions about particular sum of series and
methods of their summing. It is created such methods of linear and nonlinear summing, when in summable
functions the arbitrary parameters and functions enter. On basis of this method was solved the new geometrical-
nonlinear problems of plates and shells mechanics in nonaxes-symmetrical axes-symmetrical arrangement about
bending on “infinity” with moment loading of plates with hole. It is established, that the finding numeral data,
diagrams do not conflict with the usual notions about stress-deformed conditions of plates with hole; definite
mechanical effects are got. The methods of regularization are approved on test problems.

It is grounded mathematically, that the got solutions to equilibrium equations with some asymptotical
exactness and exactly to the linear limit conditions, if the operators of initial problem will be polylinear.
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ExcriepuMeHTanbH1 JOCIIIKEHHS IBOCTPYMEHEBOIO
CIIOCO0y 3aXMCTy PO3IUIABICHOTO METAITY MIPU
HaraByieHH1 B cepenoBuiil CO,

3BaproBaHHS 1 HAIUTaBICHHS B CEPEIOBHUINI 3aXWCHUX Tra3iB 3aiiMae mepmie Micme 3a 00’ eMoM
HAIUIABJICHOI'0 METAIy i BUTOTOBJICHOI IPOAYKIIT cepel IHIIMX MeXaHi30BaHHX CIOCO0IB IyrOBOrO 3BaprOBaHHSI.
B po6oTi po3rnsagaroThes pi3Hi CIocoOH 3aXUCTy 30HU IUIABJICHHS METaTy IIIIXOM BUTHCHEHHS MOBITPS i3 30HA
ropinHs ayru. HaBomsaTbes pe3ysbTaTH NOPIBHAIBHUX JOCIIUKEHb 3aXUCHUX BIACTHBOCTEH ra30BOTO CTPYMEHS
MAJbHUKIB PI3HUX KOHCTPYKIIiH. PO3IIIsIat0ThCSl TEXHOIOTIYHI CXEeMH 3aXKCTy IBOMIBUAKICHUM cTpymeHeM CO;
NaJbHUKAaMH KOHIYHOTO 1 HWIHAPHYHOTO Hepepidy. HaBomsaTbes pexomenpaii mo IIBHAKICHMM HapaMeTpam
3aXMCHOTO rasy, sSIKMi BUTIKA€ 3 IIEHTPAILHOTO 1 epudepiiiHoro nepepisy najabHuKa. J{ochipKeHHs crpsMOBaHi
Ha 3a0e3rnedyeHHs e(eKTHBHOIO 3aXMCTy pO3IUIABICHOrO METally BiJl a30Ty IOBITPs, a TAaKOX 3MEHIICHHS
BUTPATH 3aXMCHOT'0 ra3y MpH [[OMY.
3BapIOBaHHsl, HAIJIABJEHHs], OB, MOKPUTTS, 3aXMCHUil ra3, ra3oBMii 3aXHCT, eJIEKTPUYHA Jyra, 30Ha
TepMiYHOT0 BILIMBY, NOTEHIIiiTHE SIIPO

ITocTanoBka mpoOaemu. TexHonorii 3BaproBaHHsS Ta HAIUIABJICHHS B CEPEIOBMIIL
3aXMCHUX Ta3iB OTPUMANIM IIUPOKE PO3MOBCIODKEHHS B MPOMUCIOBOCTI NMPH BUTOTOBJICHHI
KOHCTPYKLIN Ta BITHOBJICHHI Mpare3faTHoCTI Aetaned mamuH. OCHOBHUMH iX NepeBaramu
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NOpsSi 3 IHIIMMHU CHOCO0AMM MEXaHI30BAaHOTO 3BaplOBaHHS € BiTHOCHO HH3bKa BapTiCTh
MaTepialiB JUisd HaIUIaBJICHHS, BUCOKI €KCIUTyaTalliliHi BJIaCTUBOCTI OTPUMAaHUX IOKPHUTTIB,
MOXITUBICTh CIIOCTEpIraTH 3a MpOIeCaMHM HAIUIABICHHS Ta BHOCHTH TI€BHI KOPEKTHBU
Oe3nmocepeIHbO MPHU HaruiaBieHHI. Jlo HEMOMIKIB ¢ BIAHECTH: TiJBHILNEHE PO30PU3KYBAHHS
MeTay, BaXKICThb 30UIbIIEHHS MPOAYKTUBHOCTI MPOIeCy, OOMEKEHICTh B KepyBaHHI (Hi3UKO-
XIMIYHIMH BJIACTHUBOCTSIMH METaTy TOKPUTTS 30KpeMa HOro po3KHCIeHHS 1 JieryBaHHs. Lli
HEJIOJIKM YaCTKOBO YCYBAIOThCS 3aCTOCYBAHHSM IIOPOLIKOBUX IPOTIB 1 MOPOLIKOMOTIOHMX
(broCiB, SKi BBOIATHCS B 30HY ropiHHs ayru. CydacHi TEXHOJIOTIT 3BapIOBaHHS 1 HAILJIaBICHHS
JYTOBHM CIIOCOOOM 3aCHOBaHI Ha CTBOPEHI e()eKTUBHOTO Ia30BOI0 3aXUCTy MaTepiaiy IIBa Bij
MIPOHUKHEHHS MOBITPSI B 30HY PO3IUIABICHOTO MeTaly. DI3MUHUIN 3aXUCT MOJSIrae y BUTICHEHHI
HOBITPS 13 30HU TOPIHHSA AyT'Y — 30HU IUIABJICHHS METATy HUISIXOM IoJadi Mil TUCKOM i3 coruia
NajJbHUKA 3aXUCHOro rasy. [lopsaa 3 muMm 3ayMIIAlOTbCs PO3KPUTUMM NUTAHHS IIBUAKICHUX
napameTpiB 3aXMCHOTO CTPYMEHIO Ta BUTPATH ra3y 3 TOUKH 30py €KOHOMIi MaTepiajiB, a TAKOX
BUOIp KOHCTPYKIIIi MaJTbHUKIB, III0 MOXKYTh BIIMOBIIATH IIUM BUMOTaM.

AHani3 ocTaHHiXx AociimkeHb i myOaikamiii. Ornan nmitepaTypHUX JKeped 10
NUTAaHHIO 3a0€3MEeYEeHHs 3aXWUCTy 30HM IUIABJIIEHHS MeETaly BUSBHUB II€BHI MpoOIeMU
3BApIOBAaHHs B YMOBaxX PyXOMHMX MOBITPSIHUX MOTOKIB TOOTO MpH HAasIBHOCTI BiTpy. OcoOIMBO
1€ aKTYaJIbHO [IPU BUTOTOBJIEHHI METAJIOKOHCTPYKIIIH 3a MeKaMu BUPOOHUYUX MPUMILIEHb.

Hocmimkenus takux BueHuX sK. b.€. Ilaton, M.M Hosoxwunos, B.I. Heuaes, I".M.
Aobpamosny, C.1O. KpamenunnikoB, A.M. Cekynnos, [.K. [Toxomus Ta iH. BKa3yloTh Ha Te,
1110 TIPH BUTpATax 3axucHoro raszy 25 — 30 1/xB. i miaMeTpy BHXiJHOTO COIUIa NajdbHUKA Bia 15
no 20 mMM. Ta Takiii Ke BiACTaHI BiJ TOBEpXHI JAeTani, pyWHyBaHHS 3aXHUCHOI 30HHU
3MICHIOETHCS MOBITPSIHUM MOTOKOM, SIKHI PYXa€ThCs 13 MIBUAKICTIO mpubiusno 2,5 m/c. Ha
NPAKTHII K KPUTHYHUMH € HNIBUIKOCTI pyXy noBiTps Onm3bko 1,0 M/c mpu miamerpax comen
nanbHuKiB 15...20 MM. Ta BUTpaTax 3axucHuX rasis Big 15 g0 25 n1/xB.

OnHuM 13 NUIAXiB BUPILMICHHS MPOOIeMH 3a0e3MeueHHs 3aXUCTy 30HH PO3ILIABICHOTO
MeTally B 30HI TOPIHHSA JIyTH, TP 3BapIOBaHHI B YMOBAaX PYXOMHUX MOBITPSHUX MOTOKIB, OyJ0
30UTBIIEHHS YKOPCTKOCTI 3aXMCHOTO CTPYMEHS 32 paXyHOK IiJIBUIIEHHS IIBUAKOCTI BUTOKY
3axMCHOro rasy. lle B cBOIO 4epry NpUBOIMIIO 0 3HM)KEHHS EKOHOMIUHUX IOKa3HUKIB
IpoIecy 3a pPaxyHOK OTPUMaHHS BEJIMKHUX BHUTpAT ra3oBoro cepezosuma. I[lpu npomy
JOCIIJKEHHS IHIIMX BYCHUX BKa3yBaJld Ha MOTIPIIEHHS 3aXMCTy PO3IUIABICHOT0 MeTaly MpU
BEJIMKHUX BUTPATax 3aXUCHUX ra3iB.

Amnaniz gocmimkens [1-7] mokasye, mo HaWOUIBIIMI BIUIMB HA 3aXUCT 30HHM peakIlii
PO3ILIaBJIEHOT0 AKTUBHOT'O METAJTy 3 @30TOM IOBITPS Ma€ TUIBKU NOTEHINIHHE AP0 CTPYMEHSI.

[Ipn HamaBieHHI HEAKTUBHUX METAJIIB Y CEPEIOBHUII BYTJICKHCIIOTO Ta3y B 00JacTi
OCHOBHOI 1 NPHUKOPAOHHOI AUISHOK, IO OTPUMYBAJIM PETyJIOBaHHSAM BiJCTaHi comjia Bix
JeTalli 1 MIBUKICTIO HAIUIABJICHHSI, 3a0e31euyeThest BMICT TOBITps 4...6%.

3acTOCOBYIOUM 11 TEXHOJIOTIYHI NPUHOMH IPH 3BapiOBaHHI HHU3BKOBYIJICLEBHX 1
HU3BKOJIETOBaHMX cTajed B cepenoBunli CO, mpu HASIBHOCTI BITPY 3a PaXyHOK 301TbIICHHS
BUTpPAT BYTJIEKHUCIOrO Tra3y IiJIBUIIYBAIM >KOPCTKICTb CTPYMEHs, ajie NpHU 3BaplOBaHHI
AKTUBHUX METAJIIB B apTOH1 JIOCATTH TaKUX PE3yJIbTATIB HE BAABAIOCS.

B nesxux pobotax NPOTIOHYBAJTH MOKPAIUTH 3aXHCT peakiiifHoOT 30HM 3a PaxyHOK
3aCTOCYBaHHS 3aXMCHUX KOBIAKiB 1 HACAJOK JJIS MiCLb HAILJIABJICHHS, @ TAKOXK 3MEHIIIyBaTH
BIZICTaHb M COIJIOM MajJbHMKA 1 MOBEPXHEI0 HaljaBlieHHS. B ymoBax BHpOOHMLTBA i
3aX0QM BUSBWINCS HEAOIUIBHUMH TakK-iK BOHM 3a0e3ledyBaly IEperpiBaHHs 1
3a0pU3KyBaHHS 3aXMCHUX €JIEMEHTIB Ta COINEJ PO3IUIABICHUM METAJIOM, a TAKOX 3aBayKald
BI3yaJIbHOMY CIIOCTEPEKEHHIO 32 TEXHOJIOTIYHUM TPOLIECOM.
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Li nocmiKeHHs MOKa3yloTh, IO € TIEBHA MeKa MOMIIMBOCTEH CTPYMEHS 3aXHUCHOTO
rasy IOpu HasgBHOCTI PyXOMHX IMOBITPSHUX MOTOKIB HE3Ba)KalOUM Ha IIJBUILEHHS BHUTpAT
3aXMCHOTO ra3y HaJIIWHUHN 3aXHCT PEAKIIfHOT 30HU HE MOXKe OyTH 3a0e3IeueHMi.

[TosicHeHHsT 1BOrO sBUIA HaBeleHO B gocuimkeHHsx [ .M. Ao6pamosuy, C.IO.
KpamenunnikoB, A.M. CekyHnoB [3] nme BkazaHo, IO BTpara 3aXHCHHX BJIACTHBOCTEH
CTPYMEHsI BIIOYBAETHCS 32 PaxyHOK CKOPOUCHHS JIOBKWHM MOTEHIIMHOTO siApa BHACHIIOK
YOro CHOCTEPIraeThCsl BUHUKHEHHS! TYpOYJIEHTHOCTI 1 YTBOPEHHSI HEPIBHOMIPHOTO MPOPiio
IIBUIKOCTI TA30BOTO CEPEIOBHINA, [0 BUKIMKAHO 301IBIIIEHHSM BUTPAT OCTAHHBOTO.

[IpoBenenuit anami3 aiTepaTypy MOKa3aB, 10 3aXHUCHI MOKIIMBOCTI OJIHOIIBHJIKICHOTO
CTPyMEHsI OOMEXEH1 SK [0 IIBHAKOCTI TaK 1 1O BUTpaATi Ta30BOr0 CEPEJOBHING, a
MEPCIIEKTUBHUM € 3aCTOCYBaHHS JABOX 1 OLbIlIe CTPYMEHIB 3 PI3HUMHU IIBUIKOCTSMHU PYXY
3aXMCHOTO rasy.

IlocTanoBka 3aBaaHHsA. J[OCHI/DKEHHS 3aXUCHUX BJIACTUBOCTEH JBOIIBUAKICHOTO
CTpyMEHSI BYIJIEKHCIIOTO ra3y Ta OOIDYHTYBaHHsS HOro IMapameTpiB NpH HaIUIaBJIEHHI B
YMOBaX PyXOMHX MOBITPSIHUX MOTOKIB.

Bukiaang ocHoBHOro martepiamy. 3rigHo gociimkeHb BuYeHHX [1 - 7] sKicTh
HAIJIaBJIEHOTO0 METaly 1 Horo (i3MKO-MeXaHiuHI BJIACTUBOCTI 3aJIe)KaTh BiJl BMICTY a30Ty Y
camomy 1uBi. [lifBUIIIEHUIT BMICT a30Ty y MeTaJli HOKPUTTS MPUBOJIE 10 YTBOPEHHS TPILIKH 1
SIK HACJII0K 3HWKEHHS HOro MIIIHOCTI Bl BTOMM Ta €KCIUTyaTalliiHUX BIACTUBOCTEH, a TOMY
HEOOX1/IHO 3amoOIrTH MPOHUKHEHHIO MOBITPS B PEAKIIHY 30HY NpPHU TOPIHHI €JIEKTPUYHOI
JYTH.

[Ipu mpoBeAeHHI NOCTIKEHb HAMIMHOCTI 3aXUCTy PEAKLIHHOI 30HU EKCIEPUMEHTH
NPOBOAMIMA B JIBa €TaNM. Mepuiuii — 6e3 ropiHHs ayru (i30TepMivHi YMOBH); Apyruii — B
yMOBax TOpiHHA nAyru. [lepmmii eram AOCTIKEHb JIO3BOJIMB BHKOHATH TIOPIBHSIIBHI
JOCTIIP)KeHHS BIUTMBY KOHCTPYKIIN MaJbHUKIB Ha MOKJIMBOCTI 3aXMCTY PEAKIIiHOT 30HU BiJ
PYXOMHUX TIOBITPSIHUX TOTOKIB 1 paliOHaJIbHOI BHUTpaTu razy. Jlpyruil eram J03BOJIHB
JOCTIAUTH BMICT a30Ty y HaIlJIaBJIEHOMY METajl B yMOBaX pyXy MOBITPSIHUX MOTOKIB,

JInist ekcriepuMeHTIB Opalii MaJbHUKU 3 KOHIYHMM corutamu puc. 1 (11 2), B Hux Oyna
pi3Ha cxeMa ToJayi BYTJIEKHCIIOTO Ta3y, a TaKoX OyB B3ATH HaWOIIbII TOIIUPEHHH Yy
BUPOOHMITBI HMITIHAPHYHHUN TTaidbHUK puc. 1 (3).
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1, 2 — naJBHUKH 3 KOHIYHAMU COTUIAMH; 3 — MAJTBHUK 3 IUIIHAPHYHUM COTLIOM

Pucynok 1 — KoHcTpyKIil MaJIbHUKIB TS TOCHIPKEHHS TIPOLIECy HarlIaBICHHS
y JBOMIBUAKICHOMY TazonopomkoBomy crpymeri CO;
Jicepeno: pospobaeno asmopamu 3 euxopucmanism [1-8]
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JiameTpu comen TOpuiMany 3TiJHO peKOMeHJamii BupoOHunTBa - 16 mm. Lle
3a0e3neuyBasio AOMYCTHMI JJsi PealbHOTO BUPOOHUIITBA BUTPATHU BYIJVIEKHCIOTO Ta3y IMpHU
SIKOMOTa HaNOLIBITNAX HOTO IIBUAKOCTSX.

J171s mpoBeIeHHS! €KCIIEPUMEHTIB KEPYBaIKUCs HACTYTHUMH TEXHOJIOTTYHUMU HOPMaMu
1 peKOMEHIaIlisIMU:

- BUTpaTH BYTJIEKHUCIOTO Ta3y 3TiTHO TEXHOJIOTIYHMX HOPM HE TOBUHHI OyTH
Gimpmmmu Hik 1,2 — 2,0 M¥/rox. (B cymi nentpansHoi i nepudepiiinoi yacTHHm);

- 3 MeTorw 3abe3nmedyeHHs JIeTyBaHHS IIBA TOPOIIKOMOMIOHUMH TPUCATHUMU
MarepiallaM¥ IIBUIKICTb BUTOKY BYTJIEKHCIIOIO a3y MOBHHHA 3HAXOAMTUCH B Mexax Big 20
1o 50 m/c;

- JiameTp LUEHTPAJIBHOTO COILIa IOBUHEH HE 3a0pU3KYBATUCH KPAIUISIMU PO3ILIABICHOTO
MeTay 1 3abe3nedyBaTd HEOOXIAHY IIBHUAKICTH 1 NPUHHATHY (3TIIHO TEXHOJIOTTYHHUX HOPM)
BUTpATy 3aXHCHOIO ra3y, a 0TKe 3HaXOJUTUCh B Mexax Bix 2,0 1o 2,5 M.

JlocaimkeHHsT 3alie)KHOCT! JIOBKMHU TMOTEHIIMHOTO sapa KOXXHOTO 3 BHOpaHHX
NANTbHUKIB BiJ] MIBUIKOCTI IIEHTPAIBHOTO CTPYMEHS 3aXMCHOTO Tra3y BHKOHYBalH IPHU
HACTYyMHHX MBUAKOCTIX pyXy CO; i3 30BHimHbOr0 cormia: 1,0; 1,35; 1,95 m/c (puc. 2).
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Pucynok 2 — BIuiiB MIBHIKOCTI BUTIKAHHS BYTJIEKHUCIIOTO a3y M0 HEHTPAIbHOMY COTLIY
HAa JIOBXKMHY TOTCHIIIMHOTO siApa il najibHuKa 1
Jicepeno: pospobaeno asmopamu
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0225 q450 a r/o00
1 — manpHUK 2; 2 — HaJbHUK 3

PucyHnok 3 — BIUtiB MIBUKOCTI BUTIKAHHSI BYTJIEKUCIIOTO ra3y 10 HEHTPATbHOMY COILTY
Ha JIOBXHHY TOTeHIiiHoro sigpa mpu V=1,95 m/c
Jicepeno: pospobneno asmopamu

[Tpu BUOOPI HIBUAKOCTI BUTOKY 3aXMCHOTO ra3y KepyBajlucs BUPOOHUYMMHU HOPMAMHU 1
. . 3
nocsigoM mianpuemcts (10 2,0 m°/rox.).

157



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2022. Col.5(36), Part |

3a MiHIMaJgbHI HIBHJKOCTI BUTOKY BYTJIEKHCIIOTO Ta3zy OyJau HNPUHHATI pe3yJbTaTH
nonepenHix nocmipkens [1, 3, 4, 6, 7]. B mmx mocnmiypKeHHSX HaBEIEHO pe3yJbTaTH IO
BU3HAYEHHIO 3aJIeKHOCTEH BUTPAT BYTJIEKHCIIOrO rasy, JlaMeTpy COmel Ta BiJCTaHel Bif ix
MOBEPXOHb JI0 PEAKLIHHOT 30HM HA BMICT a30Ty Y HAIlJIaBJIEHOMY METaJIi.

B pesynbrati oTprMaHi 1aHi MOKa3yroTh, 0 MPH IIBUAKOCTI BUTIKAHHS BYTJIEKUCIOTO
razy 0,64 m/c i Butpari 0,45 MS/I‘OII. MaJIi BUCOKHH BMICT a30Ty - 0,02%, sikmii 3MeHIIyBaBCs
10 0,008 - 0,01% npwu 301IbIIEHHI IIBUIKOCTI BUTIKaHHS Byriiekucioro rasy Big 1,0 m/c (0,8
v/rox.) mo 1,5 m/c (1,3 m3/rox.).

PesynbpTatu mocHiKeHHS 3a7€KHOCTI JOBXHHU MOTEHIIWHOTO sipa BiJ IIBUAKOCTI
BUTIKaHHS BYTJICKUCIIOTO ra3y Mo HEHTPAJIbHOMY COILTY HaBe/EHI Ha pHc. 21 3.

AHani3 HaBeJeHUX JaHUX MOKAa3ye, 1110 CKOPOUYCHHS JIOBKUHHU si/ipa BiOyBa€ThCS MpU
MaJIMX IIBUAKOCTSAX BUTIKAHHS T'a3y 13 30BHIIIHBOTO COIUIA 1 HOCUTH JIiHIHHMMA XapakTep. [Tpu
301IBIIEHH] MBUAKOCTI 3aXUCHOTO CTPYMEHS CIIOYATKY CIIOCTEPIraeThcs MEBHE 3MEHIICHHS
spa CTPyMEHs, a MOTIM S/IpO cTae cTabiabHUM 1 mpu mBHAKocTi Oinbire 50...55 M/c BoHO
3HOBY 3HIKY€eThCs. He3aOpyiHeHa MOBITPSIM 30HA CIIOCTEPIraeThes y Jiana3oHi MIBUIKOCTEH
BUTIKaHHS BYTJICKHCJIOTrO ra3y no HeHrpainbHoMy corty Bix 20 mo 50 m/c 3rigHo puc. 2.
(xpuBi 2, 3).

3rimHo nmanux (puc. 2) 0aumMmo, IO HAWKpalIMil 3aXHUCT PEAKIiHHOT 30HH MOPH
HaIUIaBJICHHI B CEpEIOBUILI BYTJIEKHUCIIOTO a3y 3abe3nedye najibHUK 1.

[opiBHSUIBHI JOCTIPKEHHST MOTEHIINHUX sJiep CTPYMEHI PO3TJISHYTHX MajJbHHUKIB
(mpu mepudepiiiniii mBHaKocTi 1,95 M/c Ta MWIBHAKOCTSAX BYIJIEKHCIOTO Ta3zy IO
neHrpaibHoMy corty Big 20 g0 50 m/c) maroTh 3MOry 3pOOMTH BHCHOBOK IO HAWOUIBIINY
He3a0pyIHEHY MOBITPSIM 30HY CTBOpPIOBaB naibHuK 1 (puc. 2, 3).

JlonatkoBa TypOyJeHTHICTh nepudepiiiHOro mnoToKy (BHACHIZOK KOHTaKTYyBaHHS
CTPYMEHIB 13 CTIHKaMM NaJlbHUKA NIPU pajialbHOMY BBeJeHHI rasy [1, 3, 4, 6, 7]) oOymoBitoe
MEHIIly JOBXHMHHU IMOTEHLINHOrOo sapa majibHUKIB 1, 2 Ta cnpusie OUIbII HEPIBHOMIPHOMY
npodinaro mBHAKOCTI Tazy. B pobori [3] miaTBeprKeHO, IO JOAATKOBA TYPOYIEHTHICTD, SIKa
BUHHKAE 332 PAXYHOK PI3HUII IMIBUAKOCTEH MiX mepudepiiiHo0 Ta HEHTPaIbHOIO 00JacTIMU
MOTOKY 3aXHCHOTO Ta3zy, MHpPHU BBEAEHHI JIOJJaATKOBOTO BHMCOKOIIBHJKICHOTO CTPYMEHH,
NPU3BOJE /10 CKOPOYEHHs MOTeHUilHoro sjpa. Lle sBuie mnobpe LI0CTpy€e BUMIpIOBAHHS
IIMPUHU 30HH 3MintyBaHHs (puc. 4), sika BKa3ye Ha IHTEHCUBHICTh 3pOCTaHHs TypOyJICHTHOCTI
IOTOKY Tra3oBoro cepenosuma. lllupuHa 30HM 3MillyBaHHS MNOKa3y€e CTIMKICTh CTPyMEHs
3aXMCHOTO ra3y MpH B3a€Mo/Iii 3 KOHBEKTUBHUMH 1 BITDOBUMH IMOTOKAMHU.
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1 — naypbHUK 2; 2 — NAJIBHUK 2; 3 — NAJbHUK 3
Pucynox 4 — 3aieXHiCTh IMPUHN 30HU 3MIITYBaHHA 3 MTOBITPSIM BiJl IIBUAKOCTI
BUTIKaHHS BYTJIEKUCIIOTO ra3y 1o neHTpaibHoMy coruty mpu V=1,95 m/c
Jicepeno: pospobneno asmopamu 3 suxopucmanusim [3, 4, 7]
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CtpyMeHi 3aXHCHOTO Ta3zy 3 MajbHHKa 1 MaroTh HE3HAYHMIA TEMIT HapOCTAHHS 30HU
3MiIlIyBaHHS Y MOPIBHSHHI 3 MaJbHUKaMU 2, 3.

BucHoBku. IlopiBHSUIIBHI JOCTI/DKEHHS TapaMeTpiB CTPYMEHIB 3axXHCHHUX Ta3iB
naneHuKiB 1 - 3 (mpu V = 1,95 m/c i V = 20 - 50 m/c) mokas3yroTh, 110 Kpalluii 3aXHCT
peakiiiitHo1 30HU 3a0e3neuye nanbHuUK 1. JIoB)KuHA MOTEHIIHOTO si/1pa cTpyMeHs nanbHuKa 1
HE MEHIIA, HDK Y MPOMHCIOBOTO NanbHUKA 3 TpU V0 = 0, 0 MIATBEPIKYE MOKIUBICTD
3a0e3nedeHHs OUTBII HATIHOTO 3aXUCTy METaly IIBa NMPU HAIJIaBJIEHHI B JBOIIBUAKICHOMY
CTPYMEHI BYTJIEKHCIIOTO Tras3y.
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Experimental Studies of a Two-jet Method of Protection of Molten Metal During

Surfacing in CO;

In the industry of restoration of details and production of designs from low-carbon and low-alloy steels
the technology of welding by an electrode of continuous section which melts in the environment of carbon
dioxide has become widespread. Welding and surfacing in shielding gases ranks first in terms of the amount of
weld metal and manufactured products among other mechanized arc welding methods.

Today, the need for wires for welding in shielding gases is about 200 thousand tons. Today's
requirements indicate that welding technologies in shielding gases will occupy a leading position for the next 15
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to 20 years. This is due to the relatively low cost of materials for surfacing, high performance properties of the
obtained coatings, the ability to monitor the surfacing processes and make certain adjustments directly during
surfacing. Along with the advantages of surfacing in a protective gas, there are also disadvantages: increased
spraying of the metal, the difficulty of increasing the productivity of the process, limited control over the
physicochemical properties of the coating metal in particular its deoxidation and alloying. These shortcomings
are partially eliminated by the use of flux-cored wires and powdered fluxes, which are introduced into the
combustion zone of the arc.

The main problem is the ingress of air into the combustion zone of the arc and the interaction of air
nitrogen with molten metal, which negatively affects the quality of the latter. Modern technologies of arc
welding and surfacing are based on the creation of effective gas protection of the weld material from the
penetration of air into the area of molten metal. Physical protection is the expulsion of air from the combustion
zone of the arc - the zone of melting of the metal by supplying under pressure from the nozzle of the shielding
gas burner.

Therefore, the paper considers various ways to protect the melting zone of the metal by expelling air
from the combustion zone of the arc. The results of comparative studies of the protective properties of the gas jet
of burners of different designs are presented. The technological scheme of protection with two-speed CO2 jet by
burners of conical and cylindrical section is considered. Recommendations for the velocity parameters of the
shielding gas flowing from the central and peripheral cross-section of the burner are given. Research is aimed at
ensuring effective protection of molten metal from air nitrogen, as well as reducing the consumption of shielding
gas.
welding, surfacing, seam, coating, shielding gas, gas shielding, electric arc, thermal zone, potential core
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