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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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ExcnepuMeHTalbH1 JOCIIIKEHHS JBOCTPYMEHEBOIO
CIIoco0y 3aXHMCTYy PO3ILJIABICHOTO METAITy IpHU
HariaBiieHHI B cepenoBuii CO,

3BaproBaHHs 1 HAIUIaBJICHHS B CEpENOBHINI 3aXMCHUX Ta3iB 3aiiMae repuie Micie 3a 00 eMoM
HAIUIABJICHOTO METaJTy i BUTOTOBJICHOT MPOIYKIT cepell IHINX MEXaHI30BaHUX CIIOCOOIB IyrOBOTI'O 3BapPIOBAHHSI.
B po6oti po3risaaroThest pi3Hi cCHOCOOM 3aXKCTY 30HM IUIABJICHHS METATy IUISIXOM BUTHCHEHHS IOBITPS 13 30HU
ropinHs ayru. HaBoasThes pe3ysibTaTé MOPIBHSUIBHUX JIOCHIPKEHD 3aXUCHHUX BJIACTUBOCTEH T'a30BOT0O CTPYMEHS
NaJLHUKIB PI3HUX KOHCTPYKLiH. PO3risiaaloThCst TEXHOJIOTIUHI CXEMH 3aXHMCTy ABOIIBHIKICHUM cTpymeHeM CO,
NaJbHUKAMH KOHIYHOTO 1 IMJIIHAPUYHOrO nepepizy. HaBoasThcs pekoMmeHzalii Mo MBHIKICHUM HapaMeTpam
3aXUCHOTO Ta3y, KU BUTIKAE 3 IEHTPAIBHOTO 1 IepudepiifHoro mepepily nairbHuKa. JJocaimKeHHs CrpsMOBaHi
Ha 3a0e3medyeHHs e()EeKTUBHOTO 3aXWCTy PO3IUIABICHOTO METAy BiJ a30Ty MOBITPS, a TaKoXX 3MCHIICHHS
BUTPATH 3aXHCHOI'O Ta3y IPH LOMY.
3BapIOBAHHS, HAINJIABJIEHHS, OB, MOKPUTTS, 3aXHCHUI ra3, ra3oBHii 3aXHCT, eJIEKTPHYHA AYra, 30HA
TepMiYHOro BILIMBY, IOTEeHILiiiHEe PO

IlocTanoBka mpo6Jemu. TexHonorii 3BaproBaHHS Ta HaILIABJICHHS B CEPEIOBHIII
3aXMCHUX Ta3iB OTPUMANM IIUPOKE PO3MOBCIOHKEHHS B IPOMHUCIOBOCTI NMPH BUTOTOBICHHI
KOHCTPYKIIIA Ta BIJIHOBJICHHI Ipare3aTHOCTI JaeTaneil MamuH. OCHOBHUMH X TepeBaramu
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Nopsil 3 IHIIMMHU CHoco0aMHM MEXaHI30BaHOTO 3BAapIOBAHHS € BIJIHOCHO HM3bKa BapTIiCTh
MaTepiaiiB sl HAIUIaBJICHHs, BHCOKI EKCIUTyaTalliiiHI BJIACTMBOCTI OTPUMAHUX IOKPHUTTIB,
MOKJIMBICTh CIIOCTEpIraTH 3a TPOIeCaMU HAIUIABIICHHS Ta BHOCHTH TII€BHI KOPEKTUBU
Oe3nocepeIHbO MPHU HarUIaBiIeHHI. [0 HEMOMIKIB CIij BITHECTH: MiABUIICHE PO30pPU3KYBaHHSI
MeTay, BaXKICTb 30UIbIICHHS MPOJYKTUBHOCTI MpOIeCcy, OOMEXEHICTh B KepyBaHHI (Pi3UKO-
XIMIYHIMH BJIACTHBOCTSIMU METay TOKPUTTS 30KpeMa HOro po3KucieHHs 1 jeryBaHHsS. Lli
HEJIOJIKM YacTKOBO YCYBAIOThCS 3aCTOCYBAHHSM IOPOLIKOBHUX JPOTIB 1 MOPOLIKONOIIOHUX
(brociB, SIKi BBOIATHCS B 30HY ropiHHs ayru. CydacHi TEXHOJIOTIT 3BapiOBaHHS 1 HAILJIABJICHHS
JYTOBHM CIIOCOOOM 3aCHOBaHI Ha CTBOPEHI €()eKTUBHOIO ra30BOr0 3aXMCTy MaTepiaiy IBa Bij
MIPOHUKHEHHS TOBITPSI B 30HY PO3IUIABIICHOTO MeTamy. Di3udHui 3aXUCT MOJSITAaE y BUTICHEHH]
HOBITPS 13 30HU TOPIHHSA JYTH — 30HU IUIABJICHHS METATy LUISIXOM I0Jadl Il TUCKOM i3 COoIlia
naJlbHUKA 3aXMCHOro rasy. llopsi 3 muM 3amuInaroThCsi PO3KPUTHMHU MUTAHHS IIBUAKICHUX
napaMeTpiB 3aXUCHOT'O CTPYMEHIO Ta BUTPATH a3y 3 TOUKU 30py €KOHOMIi MaTepiajiB, a TAKOX
BUOIP KOHCTPYKIIIi MaJbHUKIB, III0 MOXKYTh BIAMOBIATH IIMM BUMOTaM.

AHani3 ocTaHHiXx Aochaimkenb i myOmaikamiii. Orisin miTepaTypHUX DKEpen IO
NUTaHHIO 3a0€3MEeYeHHs 3aXUCTy 30HU IUIABJIIEHHS METaly BHUSBHUB IE€BHI MpoOIeMu
3BapIOBAaHHS B YMOBaX PyXOMHX IMOBITPSHHUX MOTOKIB TOOTO MpH HAasiBHOCTI BiTpy. Oco6IuBO
11 aKTyaJbHO MPU BUTOTOBJICHHI METAIIOKOHCTPYKIIIH 32 MEKaMH BUPOOHUYIUX IMPUMIIIICHb.

Jocmimkennus takux BueHuxX sk. b.€. Ilaton, M.M Hosoxunos, B.I. Heuaes, I".M.
Ao6pamosuy, C.1O. Kpamennnnikos, A.M. Cekynzos, [.LK. Tloxomnst Ta iH. BKa3yoTh Ha Te,
110 ITpU BUTpaTax 3axucHoro razy 25 — 30 yi/XB. 1 niaMeTpy BUXiTHOTO coIlIa MaJibHUKA Bif 15
mo 20 MM. Ta Takiii JKe BIJICTaHI BiJ IOBEPXHI JeTani, pyWHyBaHHS 3aXHUCHOI 30HU
3IIMCHIOETBCS TIOBITPSIHUM MOTOKOM, SIKHH PyXa€eThesl 13 MIBHAKICTIO pubian3Ho 2,5 m/c. Ha
NPAKTHUIl K KPUTHYHUMHE € MBUAKOCTI Pyxy MoBiTps O0iau3pko 1,0 M/c mpu miamerpax comen
nanbHuKiB 15...20 MM. Ta BUTpaTax 3axucHux rasis Bix 15 mo 25 ni/xs.

OnHuM 13 TIUIAX1B BUPIIMIEHHS POOIEMH 3a0€31eUeHHs 3aXUCTy 30HH PO3IUIABJICHOTO
METajy B 30HI FOPiHHS JyTH, IPU 3BapIOBaHHI B yMOBaX PYXOMHUX MOBITPSHUX MOTOKIB, OYyJI0
30UTBIIEHHST YKOPCTKOCTI 3aXHCHOTO CTPYMEHS 3a PaXyHOK IiJBUIIEHHS IIBUIKOCTI BUTOKY
3axXMCHOTO rasy. lle B CBOIO 4epry HpUBOAWIO JO 3HMKEHHS EKOHOMIYHHX ITOKA3HHUKIB
IpoLecy 3a paxXyHOK OTpPUMAaHHsS BEJIMKUX BUTpAT ra3zoBoro ceperosuimia. Ilpu mnpomy
JOCHIJKEHHS 1HIIMX BYCHUX BKA3yBaJIM HA MOTIPUICHHS 3aXUCTY PO3IUIABICHOIO METAIY MPH
BEJIMKUX BUTpATaxX 3aXUCHUX ra3iB.

Amnaiiz pociimpkens [1-7] mokasye, 1mo HalOUIBIIMIA BIUIMB HA 3aXUCT 30HH PEaKIii
PO3IUIABIIEHOT0 AKTUBHOTO METATY 3 a30TOM IMOBITPSI Ma€ TUIbKH MOTEHIIIHE SIPO CTPYMEHSI.

[Ipu HarmuiaBiIeHHI HEAKTUBHUX METAJIB y CEpPEIOBHIII BYIJIEKHCIOrO ra3y B o0jacTi
OCHOBHOi 1 MPHUKOPJIOHHOI NUISHOK, IO OTPUMYBAJIU PETYJIIOBAHHSIM BIJCTaHI COIUIA Bif
JieTaii 1 HIBUKICTIO HAaIJIaBJIECHHS, 3a0e31euyeTbcs BMICT MOBITPs 4...6%.

3aCTOCOBYIOUM 11l TEXHOJIOTIYHI MPUHAOMHU TIPU 3BapIOBaHHI HU3BKOBYTJICHEBHX 1
HU3bKOJIETrOBaHMUX cTajieil B cepenopuilli CO, mpu HAABHOCTI BITPY 32 PaxyHOK 30UIbIICHHS
BUTpAT BYIJIEKUCIIOrO ra3y IMiJBUIIYBaIM >KOPCTKICTb CTPYMEHs, ajie Mpu 3BaproBaHHI
AKTUBHHMX METAJIIB B aprOHi JJOCATTU TaKUX PE3yJIbTaTiB HE BIABAJIOCH.

B neskux poboTax MpOMOHyBalIM MOKPAIIUTH 3aXUCT pEakUiiHOI 30HH 3a PaxyHOK
3aCTOCYBAHHSI 3aXMCHUX KOBIIAKIB 1 HACAIOK JJISl MICIb HAIJIABJICHHS, a TAKOXK 3MEHIIYBaTH
BIZICTAaHP MK COIIOM TaJbHHKA 1 MOBEPXHEI0 HAlUIaBieHHS. B yMoBax BHpOOHMIITBA IIi
3aX0AM  BUSBUINCS HEJOLUUIPHUMHU Tak-1K BOHU 3a0e3rmeuyBaid TeEperpiBaHHs 1
3a0pU3KyBaHHS 3aXMCHUX EJIEMEHTIB Ta COMEJ PO3IUIABICHHM METAJIOM, a TaKOX 3aBa)KaJH
Bi3yaJIbHOMY CIIOCTEPEKEHHIO 32 TEXHOJIOTTYHUM MPOIECOM.
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Li nocmiKeHHsI MMOKa3yloTh, IO € MEBHA MeKa MOMKIJIMBOCTEH CTPYMEHS 3aXHMCHOTO
razy mpy HasSBHOCTI PYXOMHX IOBITPSHHUX IOTOKIB HE3Ba)KAlOUM Ha TIJBUIIECHHS BHUTPAT
3aXMCHOTO ra3y HaIWHUHN 3aXUCT PEaKIiiHOT 30HU HE MOXe OyTH 3a0e3meueHuil.

[TosicHeHHsT 1BOrO sBUINA HaBeneHO B gocaimkeHHsax [.M. Ao6pamosuy, C.IHO.
KpamenunnikoB, A.M. CekyHnoB [3] nme Bka3aHo, IO BTpara 3aXHCHUX BIACTUBOCTEU
CTPYMEHsI BiIOYBA€ETHCS 32 PaxXyHOK CKOPOUYCHHSI JIOBKMHHM TIOTCHIIIMHOTO SiApa BHACIIIOK
YOro CHOCTEpIraeThCsi BAHUKHEHHS TYpOYyJIEHTHOCTI 1 YTBOPEHHS HEPIBHOMIPHOTO MPOPiII0
IIBUIKOCTI TA30BOTO CEPEIOBHUINA, 10 BUKIMKAHO 301IBIIICHHSM BUTPAT OCTAHHBOTO.

[IpoBenenuii anani3 giTepaTypH MOKa3aB, 10 3aXUCHI MOXIIMBOCTI OJHOIIBUIKICHOTO
CTPYMEHsI OOMEXKEHI SK MO IIBHUAKOCTI TaK 1 IO BHUTpaATI Ta30BOT0 CEpPEOBHINA, a
NEPCIEKTUBHUM € 3aCTOCYBAaHHS JBOX 1 OUIbIIE CTPYMEHIB 3 PI3HUMHU IIBUAKOCTSIMHU PYXY
3aXUCHOTO rasy.

IMocTanoBka 3aBAaHHSA. JlOCHIIKEHHS 3aXHUCHUX BJIACTHMBOCTEH JBOIIBHIKICHOTO
CTpyMEHSI BYIJIEKHCIIOTO ra3y Ta OOIDYHTYBaHHsS HOro IapameTpiB IpHU HaIUIaBJIEeHHI B
YMOBaX PYyXOMHUX HOBITPSIHUX MOTOKIB.

Bukiaa ocHoBHOro wmarepiamy. 3rigHo gociikeHb BueHux [1 - 7] skicTh
HAIJIaBJIGHOTO METaly 1 MOro (i3MKO-MeXaHiuHI BIACTUBOCTI 3aJIe)KaTh BiJl BMICTY a30Ty Y
camomy miBi. [ligBUIIIEHUI BMICT a30Ty Y MeTal MOKPUTTS MPUBO/JIC 10 YTBOPEHHS TPIIIUH 1
SIK HACJTIJIOK 3HMKEHHSI MOTO MIIHOCTI BiJl BTOMH Ta €KCIUTyaTal[iiHIX BJIIACTUBOCTEH, a TOMY
HEOOXITHO 3armoOIrTH MPOHUKHEHHIO TOBITPS B PEaKIliiiHy 30HY MPU TOPIHHI €JIEeKTPUYHOT
TyTH.

[Ipu mpoBeneHH1 TOCHTIKEHb HAAIMHOCTI 3aXUCTy PEAKIIHHOI 30HH EKCIIEPUMEHTH
NPOBOJMIIMA B JIBa €Talu. Nepiuii — 0e3 ropiHHs ayru (i30TepMidyHi YMOBH); JAPYTUH — B
yMoOBax TOpiHHSA ayru. llepmmii eram AOCHIPKEHb JO3BOJIMB BUKOHATH TOPIBHSUTHHI
JIOCHIJKEHHSI BIUIMBY KOHCTPYKIIIH MaJbHUKIB HA MOXJIMBOCTI 3aXUCTYy PEaKLIHHOI 30HU Bij
PYXOMHX TIOBITPSIHUX IIOTOKIB 1 paIllioHaJIbHOI BHUTpaTu Tazy. [pyruii eram [103BOJUB
JOCHIIMTH BMICT a30Ty y HAIUIaBJICHOMY METaJli B yMOBAaX pyXy MOBITPSHHUX IOTOKIB,

Jliist ekcriepuMeHTIB Opaid MaJbHUKK 3 KOHIYHUM corutamu puc. 1 (11 2), B Hux Oyia
pi3Ha cxema MoAayi BYIJICKMCIIOTO Ta3y, a TakoX OyB B3ATH HAHOLIbII MOIMIMPEHUH Yy

BUPOOHHUIITBI WTIHAPHYHKI aibHUK puc. 1 (3).
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1, 2 — maNEHUKY 3 KOHIYHAMU COTUIAMHU; 3 — MaJbHUK 3 HMWIIHIPUIHAM COILIOM

Pucynox 1 — KoHCTpyKIIii TaTbHUKIB TS JOCIIHKEHHS IPOLIECY HAIUTaBICHHS
y IBOIIBUAKICHOMY Ta30M0poImKoBoMy cTpyMeHi CO,
Joicepeno: pospobreno asmopamu 3 suxopucmannsim [1-8]
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Hiamerpu comen npuiiMany 3TiJHO peKoMeHJalii BupoOHuuTBa - 16 Mm. Lle
3a0e3rmeuyBaio JIOMyCTUMI JUIs PealbHOTO BUPOOHMIITBA BUTPATH BYTJIEKHUCIIOTO Ta3y MpH
SIKOMOTA HAaOUIBIINX Or0 MIBUIKOCTSIX.

J11st ipoBeIeHHSI €KCTIEPUMEHTIB KEPYBAJIUCS HACTYITHUMH TEXHOJIOTITYHUMU HOPMaMHU
1 peKOMEHIaIlisIMU:

- BUTpaTH BYTJEKHUCIOTO Ta3y 3TIIHO TEXHOJIOTIYHHUX HOPM HE IOBHHHI OyTH
Ginpmmmy Hixk 1,2 — 2,0 M/rog. (B cymi neHTpasibHOI 1 iepudepiiHol YaCTUHH);

- 3 MeTOK 3a0e3nedyeHHsl JIETyBaHHS IIBa IMOPONIKOMOMIOHMMH TMPUCATHUMHU
MaTepiajlaMi IIBUAKICTh BUTOKY BYTJIEKHMCIIOTO Ta3y MOBMHHA 3HAXOIUTUCH B Mexax Bifg 20
1o 50 m/c;

- JiaMeTp LEHTPAJIBHOTO COIlIa MOBUHEH HE 3a0pU3KYBATUCH KPATUISIMH PO3ILIABICHOTO
MeTanmy 1 3abe3nedyBaTd HEOOXiTHY MIBUAKICTH 1 MPUAHATHY (3TiHO TEXHOJOTIYHHX HOPM)
BUTpATy 3aXKMCHOIO ra3y, a 0TKe 3HaXOAUTUCh B Mexax Bif 2,0 1o 2,5 mm.

JlocmipkeHHsT 3a7€KHOCTI JIOBXKMHM TIOTCHIIIMHOTO Sipa KOXHOTO 3 BHUOpaHHUX
NAJTbHUKIB BiJ] MIBUIKOCTI IIEHTPAIBHOTO CTPYMEHS 3aXHMCHOTO Tra3y BHKOHYBalH IPHU
HACTyHHX MBUAKOCTIX pyxy CO; i3 30BHimHBoOr0 comia: 1,0; 1,35; 1,95 m/c (puc. 2).

X, rrt

60 .~

i d i
40 = e L il &

20 i Y m/ir
0225 0450 @ rieed
1-V=1,0 m/c; 2 - V=1,35 m/c; 3 — V=1,95 mlc.

PucyHok 2 — BIUTHB MIBUKOCTI BUTIKAHHSI BYTJIEKUCIIOTO ra3y 10 HEHTPAIbHOMY COILTY
Ha TOBXMHY MOTEHIIIHOTO Aapa AJs majgbHuKa 1
Joicepeno: pospobneno agmopamu

X, r

20 40 V mc
0225 a450 Q #1200
1 — nanpHUK 2; 2 — NAJIBHUK 3.

PucyHok 3 — BIutiB HIBUKOCTI BUTIKaHHSI ByTJIEKUCIIOTO ra3y 10 HEHTPaJbHOMY COILTY
Ha JIOBXWHY MOTEHIIHHOTO simpa mpu V=1,95 m/c.
IDicepeno: pospobneno asmopamu

[Ipu BUOOPI MIBUIKOCTI BUTOKY 3aXMCHOTO T'a3y KepyBaIUCd BUPOOHUYMMH HOPMaMHU 1
. . 3
noceigom mianpuemcts (10 2,0 m°/rox.).
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3a MiHIMaJbHI IMIBUIKOCTI BUTOKY BYTJIEKHCIOrO razy Oyjau HpUNHATI pe3ysbTaTH
nonepenHix mociimkens [1, 3, 4, 6, 7]. B 1ux AOCHIIKCHHAX HABEACHO PE3yJbTATH 10
BU3HAYCHHIO 3AJIC)KHOCTEH BUTpAT BYTJIEKHCIIOTO rasy, JliaMeTpy COIeN Ta BiJICTaHeH Bij ix
HIOBEPXOHb JI0 PEaKIiifHOi 30HM Ha BMICT a30Ty Y HAIUTaBJICHOMY METaT.

B pesynbrati oTpuMaHi 1aHi MOKa3yoTh, 10 MPH MBUAKOCTI BUTIKAHHS BYTJIEKHCIIOTO
rasy 0,64 m/c i Burpati 0,45 M%/roz1. Manu Bucokuit BMicT asoty - 0,02%, SIKHii 3MEHIITyBaBCs
10 0,008 - 0,01% mnpwu 30UIbIICHH] IBUAKOCTI BUTIKaHHS Byryiekucioro rasy Bin 1,0 m/c (0,8
v /rox.) no 1,5 m/c (1,3 m*/roz.).

PesynbpTatu JOCTiIKEHHS 3aJ€KHOCTI JOBXHHU MOTEHLIWHOTO sipa BiJ IIBUAKOCTI
BUTIKAHHs BYTJICKMCIIOTO ra3y Mo LEHTPAJIbHOMY COIUTY HaBeZEHI Ha puc. 2 1 3.

AHaJi3 HaBeJIeHUX JIaHUX MOKa3ye, 10 CKOPOUYCHHS JOBXKUHHU siApa BiIOYBaEThCS TPU
MaJIuX IIBUAKOCTSIX BUTIKAHHS Ta3y 13 30BHIIIHBOTO COIUIA 1 HOCUTH JiHIMHMIA xapakTep. [Ipu
301IbIIEHH] IBUKOCTI 3aXUCHOTO CTPYMEHS CIIOYATKy CIIOCTEPIraeThCs MEBHE 3MEHIICHHS
s7jpa CTPyMEHs, a MOTIM sIpo cTae cTabLIbHUM 1 mpu mBUAKOCTI Outbiie 50...55 m/c BoHO
3HOBY 3HIKY€eThCsl. HezaOpy/HeHa MoBITPsIM 30Ha CIIOCTEPITaeThCs Yy Jiana3oHi MBUAKOCTEH
BUTIKaHHS BYTJICKHCJIOrO ra3y no neHrpaibHoMy corty Bix 20 mo 50 m/c 3rigno puc. 2.
(xkpuBi 2, 3).

3rizo pganux (puc. 2) 0aynMo, NIO HAWKpalIMHd 3aXUCT PEaKLiHHOI 30HU TIpH
HAIJIaBJICHH] B CEPEIOBHILI BYTJIEKHUCIIOTO ra3y 3a0esneuye naibHuk 1.

[opiBHSUIBHI JTOCHIPKEHHS MOTEHIIHHUX sIep CTPYMEHI PO3TISHYTHX IaJbHHUKIB
(mpu mepudepiriHiii mwBuHAKOocTi 1,95 M/c Ta IIBHAKOCTAX BYIJIGKHCIONO Ta3zy IO
neHrpanbHoMy coruty Big 20 g0 50 m/c) maroTh 3MOry 3poOMTH BHCHOBOK IO HAMOLIBITY
He3a0pyIHeHY MOBITPSIM 30HY CTBOpPIOBaB nanbHuK 1 (puc. 2, 3).

JlonaTkoBa TypOyJCHTHICT TepUdepiitHOro MmoTtoky (BHACHIJOK KOHTAKTYBaHHS
CTPYMEHIB 13 CTIHKaMM NaJbHUKA MIPU pajiajdbHOMY BBeleHHI rasy [1, 3, 4, 6, 7]) oOymoBitoe
MEHIy JOBXHWHHU MOTEHI[IHOTO sifpa MaibHUKIB 1, 2 Ta crnpusie OUThII HEPIBHOMIPHOMY
npodinro mBuIKOCTI ra3y. B pobori [3] miaTBepmkeHo, Mo 101aTkoBa TypOYJICHTHICTD, sSKa
BUHHKAE 332 PAXYHOK PI3HHUII IIBUIAKOCTEH MiXK Mepr(epiitHOI0 Ta HEHTPAIBHOIO 00JaCTIMU
MOTOKY 3aXHCHOTO Ta3zy, MpH BBEACHHI JIOJIATKOBOTO BHCOKOIIBHAKICHOTO CTPYyMEH,
NPU3BOJE /10 CKOPOYEHHS TMOTeHLiHHOro simpa. Lle sBumie mobpe LmocTpye BUMIpIOBaHHS
HIMPUHH 30HH 3MilTyBaHHs (puc. 4), sika BKa3ye Ha IHTCHCUBHICTh 3pOCTaHHS TypOYJICHTHOCTI
MOTOKY Ta30BOT0 cepenopuma. lllupuHa 30HM 3MilIyBaHHS TOKa3y€ CTIMKICTh CTPYyMEHS
3aXMCHOTO ra3y MPHU B3a€EMO/II1 3 KOHBEKTUBHUMHU 1 BITPOBUMHU TTOTOKAMHU.

g rre
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1 — nanpHUK 2; 2 — naapHuK 2; 3 — NajJbHUK 3.
PucyHox 4 — 3ayie)HICTh IIUPUHN 30HU 3MIIIyBaHHS 3 MOBITPSIM BiJI IIBUKOCTI
BUTIKaHHS BYTJICKHCIIOTO a3y MO LEHTpalibHOMY coruty npu V=1,95 m/c
Jcepeno: pospobaeno asmopamu 3 suxopucmanusim [3, 4, 7]
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CrpyMeHi 3aXMCHOTO ra3zy 3 MajbHHKa 1 MaroTh HE3HAYHMI TEMIT HApPOCTAHHS 30HU
3MIITyBaHHS Y TIOPIBHSHHI 3 TaJbHUKaMU 2, 3.

BucHoBku. I[lopiBHSUIBHI [IOCHI/DKEHHS NapaMeTpiB CTPYMEHIB 3aXMCHHMX Tra3iB
naneHukiB 1 - 3 (mpu V = 1,95 m/c i V = 20 - 50 m/c) mokasyroTh, 10 KpaIuid 3aXHCT
peakiiitHoi 30HM 3a0e3neuye nanbHUK 1. JIoBKKMHA MOTEHLIHHOTO sSApa CTpyMeHs najbHuKa 1
HE MEHIIA, HIX y MPOMHCIOBOrO NMaJbHUKA 3 TIPH V0 = 0, IO MITBEPIKYE MOKIHBICTH
3a0e3nedeHHs OUTbII HAAIHHOTO 3aXUCTY METajy IIBa MPU HAIUIaBJICHHI B JIBOILBUIKICHOMY
CTPYMEHI BYTJIEKHCIIOTO Tas3y.
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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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