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shielding gases — CO,, Ar and a mixture of 80 % Ar + 20 % CO,. The calculations were carried
out with the introduction of a circuit of a turned turned heat source on the surface of a semi-infinite
body. Also, calculations are presented with the introduction of a fast-moving point source circuit on
the surface of a semi-infinite body. The calculated penetration contours were determined for the
process of electric arc welding with Sv-084 wire with a diameter of de = 5 mm under the AN-60
flux to the surface of St3 mild steel plates with a thickness of 25 + 30 mm (semi-infinite body
scheme). The calculations were performed for the parameters of the mode: In = 8004, Ud = 31 +
32V; surfacing speed was varied within 1.4 ~ 11.1 « 10° m [ s. Used the following values of
thermophysical quantities: /. =40 W/m - K, a = 8 « 10% m2 [ s; for a value of 0.9 was taken. The
calculated data of the melting paths during electric arc surfacing for the case of surfacing in a
shielding gas medium were compared with the experimental data for surfacing with Sv-
12Cr18N10T wire with a diameter of 1.2 mm in CO; on plates of the same steel 10-12 mm thick in
the mode: 1, = 200 A; Ud = 30 V; v =5+ 10°m/s. Surfacing in an Ar medium was performed with
the same wire de = 1.0 mm in the mode: I, = 255 A; Ug = 35V; v, = 18 m / h. Such parameters of
the deposition mode provided jet transport of electrode metal. In the calculation, the following
values were taken for the coefficients: Tm = 1836 K; A=25W/m-K, = 0.8, a=5.3+10-2m2/s.

The shapes of the weld pool contours obtained by calculation are significantly different from
the experimental ones. The calculated values of zmax are observed at a distance of x = 20 + 30 mm
from the arc axis, while according to experimental data, the maximum penetration hpr = zmax is
observed at a distance of x = 0 +~ 5 mm. The calculated zmax values are significantly (1.5 - 2.0
times) greater than the experimental values.

It is shown that by calculation it is possible to obtain reliable data only in the width of the
deposited rollers and the length of the bath. That is, the calculated data in the size of the
penetration zone coincide with the experimental ones only at the surface level of the base metal (z =
0), and the calculated data in the depth of this zone differ significantly from the experimental data.
To calculate the depth of the penetration zone during arc surfacing, it is necessary to use methods
that take into account the transfer of electrode metal into the bath.

Keywords: electric arc surfacing, geometrical parameters of the penetration zone, point
heat source, mode parameters, electrode metal transfer.
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3ACTOCYBAHHS TONMOJOITYHOI ONTUMI3AIIL HA ITPUKJIAJI
EJIEMEHTIB NI IBICKH JIMBAPHOI'O KPAHY

Memoto yiei pobomu € MOOent08anHs, AHANI3 GAKMUYHO20 HANPYIHCEHO-0eDOPMOBAHO20
cmawy eemMenmie mpagepcu IU8ApHO20 KPAHY 3 YPAXYEAHHAM MACU 8AHMANCY, WO NIOHIMAEMbCA,
mennogoi 0ii i 000amKOBUX [HEPYIUHUX HABAHMANCEHb MA OMPUMAHHI HOBOI KOHCMPYKYIQ
eleMenmie mpagepcu i3 3aCcmocy8anHHiAM monoao2iunoi onmumizayii. O0'ekmom 0ocniodiceH s 6
Oanitl pobomi € 3aKOHOMIPHICMb PO3NOOLLY HANPYIICEeHb Yy mpagepci. Y cmammi 3anpononosana
MemOoOO0N02isl MOOENIOBAHHS | AHANI3Y HANPYHCEHO-0ehOPMOBAHO20 CMAHY MPABepCU TUBAPHO20
Kpamy 3 Ypaxy8auHAM OO0O0AMKOBUX HABAHMANCEHb, 3ACHOBAHA HA MemoOoax pPO3PAXVHKIE Ha
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MiyHicmb N0  OONYCMUMUM HANPYAHCEHHAM [ Memooi CKiHueHHUx enemenmis. Pospobiaena
PO3DAXYHKOBA cXemMd, MEepOomilbHO-0ehopMO8ana Mo0eib i UKOHAHUL PO3PAXYHOK Memooom
ckinuennux enemenmie 8 CAD / CAE cucmemi.

Y cmammi npusedeni pezynomamu M00ent08aHHsA HABAHMANCEHO2O CMAHY 3 VPAX)8AHHAM
000amKOBUX HABAHMANCEHb | PO3PAXYHKY MPABepCU IUBAPHO20 KPAHY HA MIYHICMb MemoooMm
ckinuennux enemenmie 6 CAD / CAE cucmemi;, auaniz HanpysiceHo-0e@opmosano2o Cmawy
mpagepcu, 3aCHOBAHUL HA Memooax pO3PAaxyHKié HA MIYHICMb NO OONYCMUMUM HANPYIHCEHHAM |
MemoOi CKIHUeHHUX elleMeHmis. I3 GUKOPUCTAHHAM MONON02IYHOI onmumizayii ompumana Ho8a
KOHCMPYKYIsi eleMenmis mpagepcu. Buznaueni Modcausi wiisixu nooansuux 00CuiodiceHb.

Knrouoei cnosa: mooenioganus, memoo CKIHUEHHUX eleMeHmMi8, KOHYeHmpayis Hanpyiceub,
medHca NAUHHOCMI, 0egheKmu, HanPyHceHo-0ehopmMosanuti CmaH, MONOL0IUHA ONMUMIZAYIL.

IMocTanoBka npoodemMu.

Panime [1] Oyna oOrpyHToBaHa HEOOXITHICTb PO3POOKH METOAOJOTIl MIIHICTHUX
PO3paxyHKIB €JIEMEHTIB IiBICOK JHMBApHUX KpaHIB, sIKa JIO3BOJIMTH: BPaxOBYBAaTH iX (haKTHUHI
YMOBH pOOOTH, 30UIBIIIUTHA TOYHICTh PO3PaXyHKIB, MIABUIITUTH HAIIHHICTD 1 0€3MEKy eKCIuTyaTallii.
Bbyno moxkazano [2], mo ¢akTu4yHi 3HAYCHHS 1HEPUIMHUX HABAaHTAKEHb IMPH TICPECYBaHHI KpaHy
MOXKYTh TMEPEBHINYBAaTH 3HAUEHHS, IO NpUMalOTbcs Tpu TpoekTyBaHHi. Kpim Toro, Oymu
po3po0JieHi peKoMeHallli Mo BUOOPY 3HAUCHb KYTiB BIIXWJICHHS BAaHTAKOMIIAHOMHHX KaHATIB Bif
BEPTHKAIl NpPU BUKOHAHHI PO3pPaxXyHKIB Ha CTAaTUYHY MIIHICTh 1 BTOMY €JIEMEHTIB JIMBAPHUX
KpaHiB.

[Ipu po3paxyHKy Ha MIIHICTb, ONTHUMI3allli €JIEMEHTIB MiIHOMHO-TPAHCIIOPTHUX MAIIWH
IIMPOKO BHKOPUCTOBYIOTH [3, 4] METOJ CKIHUEHHUX €JIEMEHTIB, sikuii peamizyetbcsi B CAD/CAE
CepeZIOBHIIlY, JO3BOJIAE€ MIABUIIMTA TOYHICTh BUKOHYBAHHMX PO3pPaxyHKIB, OTPUMATH HAOYHY
KapTHHY HampyXeHo-1e(h)OpMOBAHOTO CTaHy BHUPOOYy B IJIoMy, 0araropa3oBO MPOBOJUTH
JOCTIKEHHS 3 BUKOPUCTAHHAM PO3pO0OIeHOT MOAETI.

AHaJi3 0CTaHHIX JOCTIIKeHb i myOJikaniii.

Bimomi Qaxtu pyliHYBaHHS €IEMEHTIB MiJBICOK JHBApPHUX KpPaHIB, METATOKOHCTPYKIIi
MOCTIB, 1 IHIIIOTO yCTaTKyBaHHA. KpaH BUBOAMTHCS 3 €KCIUTyaTallli Ha TPUBAJIWN MEPioja yacy s
MPOBEJICHHS PEMOHTY, SKWWA JUIIe Ha SKUWCh Yac JO03BOJIAE€ TMO30aBUTUCS Bil BUHHKIMX
YIIKOJKeHb. TakoXk 3a3HaueHo [2], mo (akTUuHI 3HaYeHHS KYTIB BIAXWJIEHHS KaHATIB MiJ 4ac
MIPUCKOPEHHS / TalbMyBaHHS MOXYTb TMEPEBUILYBaTH MPUIHATI MPU MPOEKTYBaHHI, IO TaKOXK
BIUIMBA€E Ha HaAilHICTh. [[iIBUIIIEHHS HAIIHHOCTI €JI€MEHTIB JIMBAPHOTO KpaHy MOKJIIMBO, 30KpeMa,
[UIAXOM YTOYHEHHS METOJUKU 1 PO3pOOKH HOBHX METOJOJOTIN iX MPOEKTYyBaHHS, BU3HAYCHHI i
JOCITIJKEHH1 iX HAIpYKeHO-1e(OPMOBAHOTO CTaHYy.

AHani3 MPOeKTHUX PO3PaxXyHKIB MOKAa3aB, IO YacTillle B PO3PAXYHKOBIA CXeMi TpaBepcH
JMBapHOTo KpaHy (puc. 1 a) BpaxoBYIOTh Ail0 TUIBKH BEPTUKAIBHUX 3ycHIb (puc. 1).

Q
l 7Q+Gir. 270k i

Q - BanTaXXOmaHOMHICTh, Gk - Bara raka

Pucynok 1 — TpaBepca muBapHOro KpaHy: a — 3araJibHUi BUTJIA; O - pO3paxyHKOBa cXeMa
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BBakaeThcs, 10 BENMKHUH 3amac MIIHOCTI (HampuKiaa, KoedillieHT 3amacy MIIHOCTI Y
BEPTHKATBHOMY JIUCTI OPIBHIOE 5.75 mpu gomyctumomy 2.3) 3a0e3meunTh HAIiHHICTh 1 Oe3meKy
npu ekcruryatanii. [Ipote, Bimomi [1] Bumanku pyldHYBaHHS IIbOTO €JIeMEHTY. Takox Bimomo [5],
mo 3a 4ac (3-5 XBWIMH) 3alIMBKM 4YaBYHY B KOHBEPTEp «TeMIleparypa Ha MOBEpXHI
METaJIOKOHCTPYKIIiI Kpany Moxe gocsrata 500-700°C».

Yce 1ie miaTBepKy€e HEOOX1IHICTh BPaXOBYBATH JMHAMIYHI HABAHTAKECHHS, TOPU30HTAIIbHY
CHUITy, BHHHKAE NP MPUCKOPEHHI / TAIbMYBaHHSI KPaHY 1 TEIJIOBI HABAHTAXXCHHS HA TPaBepCy.

Meta gocJixKeHHs.

Mertoro 11i€i poOOTH € OTpUMaHHS HOBOi KOHCTPYKIIii €JIEMEHTIB TPABEPCH JTUBAPHOTO KpaHy
Ha OCHOB1 MOJIENIOBaHHS HABAaHTAXXEHOCTI 3 ypaxyBaHHSM [0/IaTKOBHUX HABaHTa)XEHb IiJl 4ac
PO3rOHY, TEIJIOBOI Jii Ta aHami3y (PaKTUYHOTO HANPY>KEHO-Ae(POPMOBAHOTO CTaHY.

OcHoBHUI MaTepiaa J0CaiIKeHHs.

TpanuiiiiHi po3paxyHKH Ha MIIIHICTh METaJIOKOHCTPYKIIIM KpaHiB 1 iX €JIEMEHTIB 3aCHOBaHI
Ha MPUIYIICHHI IUIOCKOT CXeMH iX poOOTH, XOoda iX €NeMEHTH € MPOCTOPOBHMH CHCTEMaMH.
Hanpuknan, po3paxyHOK MOCTa KpaHy 3 JBOMa MPOJITHUMH OallkaMH JIHCTOBOI KOHCTPYKIIT
3a3BUYail TONSATae B PO3PAaXyHKY OKpeMHX Oalok 3 TPUKIAJCHHUMH PO3PaXyHKOBUMU
HaBaHTOXCHHsAMH. Llell miaxig TpamumiiHo OOYMOBIGHHWH THM, WO METOAM PO3PAXYHKY
PO3BUBAJIHCS, CIIUPAIOYNCHh HA PYYHUH CIIOCIO 00YHMCIIEHHS 13 3aCTOCYBaHHSAM IIPOCTUX PaXyHKOBHUX
MIPUCTPOIB 1 YCTAaHOBOK. TOUHICTh TAKUX PO3PAXYHKIB BXKKO 0€3 €KCIICPUMEHTAILHOT TIEPEBIpKH Ha
MOJICIISAX 1 BUpOOax.

3 PO3BUTKOM OOYHUCITIOBAILHOT TEXHIKH, Y TOMY YHCII Y 3B'SI3KY 3 PO3POOKOIO CIeIliaTbHIX
mporpam JiIs peaizallii TOMOJIOTiYHOI ONTHMI3allii, MOCTYIIOBO 3HMKA€ HEOOXIAHICTh B PO3OMTTI
METIOKOHCTPYKIIH Ha IUIOCKI eileMeHTH. [IpakTWdHO yci cydacHi pO3paxyHKH Ha MIIHICTh
MPOBOASATH, BUKOPUCTOBYIOUM METOJI CKIHUYEHHHUX €JIEMEHTIB. Y OCTaHHI JECATHIITTS BiH 3ailHIB
MPOBIJIHE TIOJIOKCHHST 1 OTPHMAaB IIMPOKE 3aCTOCYBaHHSA. ToMy, /i BH3HAYCHHS (DAKTHIHOTO
HAMpyXeHO-1e(OPMOBAHOTO CTaHy TpPaBepCH TMPOMOHYETHCS METOAOJOrIS PO3PAXYHKY 3
BUKOPUCTAaHHSAM TPAAULIHHUX 1HKCHEPHUX METOJIB 1 METOAY CKIHUYCHHHX €JIEeMEHTIB. SIK ImpuKia
PO3TIISIHYTUN TUBapHUN KpaH BaHTAXKOMIIHOMHICTIO 450 TOHH.

3anpornoHoBaHa po3paxyHKoBa cxema (puc. 2) [1], 3 ypaxyBaHHSAM Iil0UMX HABAHTAXKCHb.

2 2
2

Pucynok 2 [1] — Po3paxyHkoBa cxema

30BHIIIHI CHJIH, JIIF0Yl HA TpaBepCy, MPUKIAAAI0THCS /10 31BYy raka 1 BXKe Oylu pO3TJsSHYTI
panirre [1]. Takox Oyna po3po0ieHa MoIelb 1 MPUIHHATI TO3HAYEHHS TPE/ICTABIICHI Ha PUCYHKY 3.
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Pucynok 3 [1] — IpuiiHATI MO3HAYEHHS B MOJEINI

Ha tpaBepci Oynu po3MillieHi raku, B 31Bi SKUX 3aKpiIUieHi Bici KiBmia. J{o 1ux ocei, y CBOIO
yepry, npuknaganucs cunu F1 1 F2. 3akpimienns monen O0yno0 HNpuiHATE MIAPHIPHUM B MICIISIX
po3TanryBaHHs ocel 6J10KiB (pHc. 4).

-

MicL 3aKpIIUICHb

MiCLI TIPUKIIAIAHHSA CHIT

Ve N

Pucynoxk 4 — Micrist 3akpiruieHHs 1 1ojatka cuii B Mojeni [1]
[Totim, B cepenoButi CAD/CAE 0Oyna 3reHepoBaHa CiTKa CKIHUEHHUX €JIeMEHTIB (pHuc. 5).
B pe3ynbraTi MOJeniOBaHHS HampyKeHO-1e(hOpPMOBAHOTO CTaHy OynIM OTpUMaHl empu
PO3MOAITY EKBIBAJICHTHUX HANpYyXXeHb B MOJENI, €MIOpH HOPMAaJIbHUX HANpyKeHb B TPbOX
IJIOMIMHAX, €MIopa pOo3MOAULTY KoedillieHTa 3amacy MIIHOCTI, €Mopa CHpPSIMOBAHOCTI CHUIIOBUX
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MTOTOKIB, €IMI0opa PO3MOJILTy €KBIBaJICHTHUX HANpyXeHb (von Mises) 13 3aCTOCYBaHHSIM OOMEKEHHS
ISO nns TphOX BapiaHTIB HABAaHTAKEHB :

1. is tineku crm F1;

2.  [His Tineku cun F11 F2;

3. MHis timeku cun F1 1 F2 3 ypaxyBaHHAM TEIJIOBOTO HaBaHTaXeHHS F3 30BHIMIHIX

MTOBEPXOHb TPABEPCH.
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Pucynox 5 [1] — CiTka ckiHYeHHHX €JIeMEHTIB (2) 1 301IbIIeHui BUI iepepidy (6)

Ao mpoaHai3yBaTH 3arajbHUN BHIJIST CMIOPH PO3IMOJAUTY SKBIBAJIGHTHUX HANPYKEHb
(3MiHa KOJIbOPY BiJi CHHBOT'O JI0 YEPBOHOI0) 1 3ICTABUTH iX JJII TPHOX BapiaHTIB HaBaHTaXXEHb, TO
O1ITbIIIE HAMIPY)KEHUM € TPETiid BapiaHT (Tabmus. 1), MOTiM #jxe Qpyruii i mepuImi.

3HayHl TEIMJIOBI HABAaHTAXKEHHS MAiIIOTh JOCUTh HeBeNnukuii yac (3-5 XB.) B MOpPIBHSIHHI 3
CWJIaMHU B1J] Baru BaHTaxy 1 rakis. [Ipore Bigomo [5], 110 «eeKTUBHI METOIU 3aXHUCTy €JIEMEHTIB
JTUBApPHOTO KpaHy BiA Mii BUKUJIIB rapsyux rasiB, MOJIyM's, OpH30K PpO3IJIABICHOTO METaly 3
KOHBEpTepa IiJ] 4ac 3aJIMBKH B HbOT'O PIJIKOTr0 YaBYHY BIJCYTHI. [CHYIOUl TEIUIOBI €KpaHU HE 3/1aTHI
3aXUCTUTH METAJIOKOHCTPYKLII MOCTa BiA TemmepaTypHux niit». Ilpum mpoMy, eremMeHTH
METaJOKOHCTPYKIII MiAJAI0ThCS TEIUIOBUM JisIM 1 3HAYHUM CTaTUYHUM, JUHAMIYHUM
HABaHTAXCHHSM, 110 TPU3BOJIUTH 10 CKOPOUYEHHS TEPMIHY CITYKOH.

TenoBi HaBaHTAXXEHHS JOLIIBHO PO3TISAATH, SK CIEKTP JOJATKOBHX HAaBAaHTAKEHb, SIKi
HAKJIAJal0ThCsl HA CHEKTP OCHOBHUX HABAaHTAXKEHb 1 BPAaXOBYBAaTH B pO3paxyHKax Ha BTOMHY
MIllHICTb. IX BIUIMB Ha 3arajbHy Harpy:KEHHOCTb, PO3MOJiI B €JEMEHTAaX TPABEPCH, BUMArae
JOJAaTKOBUX JOCHI/KEHb 1 YTOYHEHb, L0 BUXOAWUTH 32 PaMKU Iii€ei poOoTu. Aje, 6e3yMOBHO,
3aCIIyTOBYIOTH Ha yBary.

JletanpHO TMpoaHaNi3yeMO HampyXeHo-AeOpMOBAaHUI CTaH MO JPYroMy BapiaHTy
HaBaHTa)XeHHs. [loBepxHEBUI aHaI3 PO3MOJUTY 3HaU€Hb €KBIBAJICHTHOI'O HANPYXXEHHS B MOJEN1
mokazas (puc. 6), 0 MaKCHMMaJIbHI 3HAYCHHS CKOHIICHTPOBAHI B MICISX KPITUICHHS TaKiB - JTUCTH
nepenHii 1 3aaH1i (6nm3bko 85 MIla); nucty, B sIKuX 3aKkpimieHi oci rakis (6ausbko 125 MIa).
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Ta6mmist 1 — Enmropu po3noiny eKBiBaJ€HTHUX HAMPYKEHb
Ne BapianTy

30BHIIIHIN BUTJISIT SITIOPH

HaBaHTaAXEHHS
von Mises (N/mmA2 (MPa))
200
l 187
L 173
160
. 147
. 133
L 120
w 107
I Bapiant =
80
L 67
E | =X
40
I 27
13
o
— Yield strength: 230
P
200
I 183
L 167
150
133
L 17
[ 3 100
. L 83
II BapianT @

— Yield strength: 230

von Mises (N/mmA2 (MPa))

III BapianT

+ Yield strength: 230

Panime [1], 6yB onucanuii BUMAIOK pPO3PUBY OIYHOI CTIHKM TPaBEpCH PO3JTUBHOTO KpaHy.
S0 aHamizyBaTH OTPUMaHy €MIOPY PO3MOJIITY HOpMalbHUX (TIO OCi Z) HanpyxkeHb (puc. 7 a, 0) i
doTorpadiro 3pyiHOBaHOI TpaBepcu (pUC. 7 B), TO MOXKHA BIAMITUTH BIAMOBIIHICTh TPAEKTOPIT 1
po3TalryBaHHs TPIIMHA KOHIIEHTpAallii MAaKCUMaTbHUX HANIPY>KEHb Yy O14HIH CTIHIII.

SIKmo po3riamaTi HaBaHTKEHHS TPABEPCH 3a MOBHUM poOOUYMH LUK KpaHy (PyX B JIBOX
HampsiMax - TPAHCIOPTYBAHHS 3aBAaHTAKEHOTO KiBIa 1 MOBEPHEHHS B MICIe 3aBAaHTAXKEHHS), TO
KOXHa 13 CTOPIH HABAHTAXYETHCS MOMEPEMIHHO, 1 3arajibHUN BUMIIA] (DAKTUUHOTO HaBaHTA)KEHHS
BIJIMOBIAATUME BUTY, IPEJICTABICHOMY Ha PUCYHKY 8.
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]
[stress [ womezwwn | [Vicld swrengih: 230

Pucynok 6 — 3HaueHHs €KBIBAJIGHTHOI'O HANIPYKEHHS 10 APYrOMY BapiaHTy HaBaHTaKEHHSI

HampyxeHHs B 1bOMYy e€JlE€MEHTI HE € MaKCUMaJbHHM, IO BIJHOIIEHHIO 10 IHIIHX.
[Ipoanaiizyemo poOOTY 1 HABaHTAKEHUM CTaH IJIACTHH, B SKMX 3aKPiIJIeHI OCi TaKiB. Y 30BHIIIHINA
TUTACTHHI JIIBOi CTOPOHU (pHC. 7) BUHUKAE HanpyxeHHs Omm3pko 110 MIla. Toxi sik y BHYTpIilIHII
IUTACTHHI 3 LbOTO % OOKY (puC. 8) MakcUMasbHe HanpykeHHs 01u3bKo 35 MITa.

HaNpsIMOK pyXy KpaHa

place of
destruction

6) B)

Pucynoxk 7 — Emtopa po3noiisry HopMaibHOTO (110 0C1 Z) Hanpy>keHHs 3 (pororpadicro

3pyHHOBAHOI TPaBEPCH: a - 30BHIIIHIM BUTIISI eMopH; O - moeaHaHHs (hparMeHTiB JiBOi 1 mpaBoi
(B1ZOMTO BITHOCHO BEPTUKAIBHIN OC1) CTIHOK; B - oTOrpadis 3pyiiHOBAaHOT TpaBepcH
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s (Nfmm~2 (MPa))

|

:

stress |7 M/mm~2 (P I

Yield strength: 230

Pucynok 8 — 3HaueHHs €KBIBaJICHTHOT'O HAMIPYKEHHSI 110 IPYrOMY BapiaHTy
HABAaHTA)KCHHS HA BHYTPIIIHIN IJIACTHHI JIIBOT CTOPOHU TPaBEPCH

Takuii HEpIBHOMIPHHH PO3IOALT MK JIBOMAa aHAJOTIYHUMHU €JIEMEHTAMH MOYKHA MOSICHUTH
HEJOCKOHATICTIO KOHCTPYKIIIi, sIKa HEe JO3BOJIA€ 3a0€3ICUNTH 1X pIBHOMIPHE HaBaHTaXCHHS. YoMy
K PYWHYBAaHHS CTaJIOCS B €JIEMEHTI 3 MCHIIMMH 3HAYCHHSMHU HANpPYKCHb 1 OJHAKOBHM ITHKJIOM
HaBaHTaXeHb? [IpumycTUMO, IO B TOMY, IO PO3MNISJAETHCS €ICMCHTY BHHHUKIA TPIIIUHA.
3MoenroeMo 11 B 30BHIMIHIN TUTACTHHI JIiBO1 cTOpOHU (pHC. 9 a) 1 mpoaHai3yeMo HaNpy>KeHUH CTaH
(puc. 9 0).

0)

Pucynok 9 — TpaBepca: a — AlITHKA 31 3M0JI€IbOBAHOIO TPILIHHOIO;
0 — 3HaYEHHs €KBIBAJIEHTHOT'O HANPYXKEHHS y BHYTPILIHIN MJIaCTUHI JTiBOL
CTOPOHH TPaBEPCH IO JPYyroMy BapiaHTy HaBaHTa)KEHHS

AHani3 moka3aB, [0 HAMPYXEHHs y BHYTPINIHIA TUIACTHHI 301MBLIMIKCSA, TOOTO BOHA
edeKTHBHIIIE BKIOYMIaca B podory. Tak camo Hampy)KeHHs Jemio 30UIbIniacs 1 B mepeaAHbOMY
TUCTI, KM Hajmami 1 3pyiiHyBaBcs. MoKHA MPUIYCTUTH, IIO0 PyWHYBaHHS y OIYHOMY JIUCTI HE
CTaJIMCS 3BaXKalO4M Ha MPUHIUN (€(eKT) KUBYYOCTI KOHCTPYKIIi, KOJIM IpH MosiBl IedekTy abo
pylHYBaHHI OJHOTO 3 €JEeMEHTIB, KOHCTPYKIliSi B I[JIOMy 30epirae CBOIO Mpale3JaTHICTb.
BBakaemo, 110 momanbinl JAOCTIHDKEHHS B I[BOMY HampsiMi 3 BUKOPUCTAaHHSM TPUHITUIIIB
ONTUMAJIBLHOTO TPOEKTYBaHHS [3], MO3BONSATH BU3HAUWTH 1 3alpONOHYBATH ONTHUMAIbHY (IO
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PIBHOMIPDHOCTI pO3MOAUTY HAmpyXeHb B €JIEMEHTax, CIPSIMOBAHOCTI CHJIOBUX TIOTOKIB)
KOHCTPYKIIIIO TPaBEPCH.

Bubip mapamerpiB 1 e(peKTHBHOrO METOAy  PpIIIEHHS  3aBJaHb  ONTUMI3aIlii
METAIOKOHCTPYKIIi € BKJIMBUM ETallOM IMPOCKTYBaHHs. bararo aBTOpIB NPUIUISIOTH YBary
PIIICHHIO IILOTO 3aBJaHHsA [6-8 Ta iH.]. 3HAUYHE YUCIIO Tpalb OMHCYE MPOSKTYBAaHHS KOHKPETHUX
00'€KTIB 1 MICTUTh BIJJOMOCTI TUIBKH IIPO aJITOPUTMHU 1 pe3yibTaTH iX MpoeKTyBaHHs. JlocuTh yacTo,
pPO3paxyHKOBI CXEMHU I'PaHUYHO CIIPOIIEHI - IS HUX XapaKTEPHE Majie YUCJIO MPOSKTHUX 3MIHHHX.
[Tpu 1iboMy HalYacTile po3risAAal0ThCS HE pealbHi KOHCTPYKIIIT 3 XapaKTepHOIO ISl MPAKTHYHUX
3aB/IaHb MPOCKTYBAHHS CKJIAQ/IHICTIO MOJIENICH, a MOJIENIbHI 00'eKTH (0aNKH, MIIACTUHKH, O0OOJIOHKH).
JlocuTh ACTAIBHO PO3IIIAHYTI 1ICHYIOUI METOJIM, HAaBEICHI NMPHUKJIAAM 1 3alpONOHOBaHA TEXHOJIOTIS
BUPINICHHS TMUTaHh ONTHUMI3allli HABAaHTAXEHUX  OAraTOKOMIOHEHTHUX  KOHCTPYKIIHA 1
TEXHOJIOTIYHHUX cHcTeM. [Hma pobota [9] npucBsueHa PO3MIISAy OCHOBHUX METOIIB TOMOJOTIYHOL
ONTHUMI3aIil, SIKI 3aCTOCOBYIOTHCS JUIsl 30UIBIIEHHS MUTOMOI MIITHOCTI BY3JIIB aepOKOCMIYHOL
TEXHIKM MUIAXOM ONTHMIi3alii iX T€OMETpUYHUX MapameTpiB. BigMmiueHo, 10 3MEHIICHHS MacH 1
301IBIICHHS TUTOMOI MIITHOCTI KOHCTPYKIIIH, SIKI BUKOPHCTOBYIOTHCS B a€POKOCMIUHIN Tamy3i, €
HABaXJIMBIIIUM 3aBJaHHSM, SIK€ CTOITh MEpe] KOHCTPYKTOPAMH BChOTO CBiTy. PimmeHHS 1mx
mpobyieM Oe3rmocepeIHhO 3B'SI3YIOTh 13 3aBJAaHHSAM TIOMIYKY ONTHMAIBHUX TEOMETPUYHHX
napamMeTpiB MPOEKTOBaHOTO BUpoOy. HuHI Juis BHpIMICHHS I[LOTO 3aBJaHHS BUKOPUCTOBYIOTHCS
METOJI{ TOTIOJIOTIYHOT ONTHMI3allii 1 BiIOBIIHE ITporpaMHe 3abe3neueHHs. 3aCTOCYBaHHS METOIIK
ONTUMAIILHOTO TIPOCKTYBaHHS JIO3BOJIAE€ 3HAWTH HaWKpaml MmapaMeTpu KOHCTPYKIi, sKi
320e3MeuyoTh MIHIMYM HUTLOBOI (yHKIiI. X049a METOAHM TOIIOJIOTIYHOI ONTHUMI3aIii € BiIHOCHO
HOBHMM KOMITOHCHTOM TIPOIICYpPH TPOCKTYBAHHSI, ajle BCE YaCTIiIlle 3aCTOCOBYIOTHCS, HAIPUKIIAJ, B
ACPOKOCMIYHIN ITPOMHUCIOBOCTI.

MeToaoM TOIOJOTIYHOI ONTHUMI3allii, 3 BHKOPUCTAHHSIM BIJMOBIIHOTO IPOTPAMHOIO
3a0e3MeueHHs, MPOIPAIIOEMO ICHYIOUY KOHCTPYKIIIO TpaBepch. 30Epirimm po3paxyHKOBY CXEMY,
BEJIMYMHY 1 CIIPSMOBAHICTH CUJI B TIEPIIOMY HAOIMKEHHI OTpUMaHU pe3ynbTat (pucyHok 10).

|
|

Pucynok 10 — 3aranbHuil BUTIISAI TPABEPCH MiCIs OMPAIIOBAHHS KOHCTPYKIIii
IO METOJTy TOTIOJIOT1YHOT ONTUMI3aIlil

3oBHIHIA BuUrsia TpaBepcu (puc. 10) gae HaouHe ysBIEHHS Npo eQEKTHUBHICTD
BUKOPUCTaHHS METally B €JIEMEHTax TPaBepCH, MPO MOXKIUBICTH HOro mepepos3nojily 3 METO0
ONTHMI3YBAaTH KOHCTPYKIIO - 3MIHUTH ()OpMYy MEpPEeIHbOTrO 1 3aJHBOTO JIMCTIB, 3MEHILUTH iX
TOBHIMHY 1 (opMy (Ha PHUCYHKY IIi €IIEMEHTH B3araji BiJICyTHI B CepeaHid YacTHWHi, XoOda
KOHCTPYKTHBHO 3B'SI30K MIX JIIBUM 1 ITpaBUM Trakamu Mae Oytu). Jljig oTpuMaHHs O1IbIIOro eekty

103



Hayka Ta BUpOGHMIITBO

2019 p. Bum. 21
MammHoOyxyBaHHS i 3BaproBajibHe BAUPOOHUIITBO

HEOOX1THO 3MIHUTH 00JacTh ONTHUMI3aIlii 1 He OOMEKYBAaTUCS TUIBKH ICHYIOUMMH €JIE€MEHTaMH.
Pimenns miei 3aqa4i miaHyeTbcst HAHOIMKIUM 4acOM.

BUCHOBKUA

1. MeToau mpoeKTyBaHHS METAJTOKOHCTPYKIIIHA (30KpeMa JUBApHUX KpaHIB) SKi ICHYIOTh
Ha CHOTOJIHI, BUMArarmoTh PO3BUTKY 1 YTOYHEHHS, OCKUIBKH HE JO3BOJISIOTH OTPUMATH UITKY
KapTUHY HaNpy>KeHO-1e(OPMOBAHOT0 CTaHy KOHCTPYKIIi B LIJIOMY.

2. PiBenp mporpaMHOrO 3a0e3MEYCHHs] 1 PiBEHb CyYaCHUX KOMI'FOTEPIB JIO3BOJISIOTH
3HAYHO MPHUCKOPUTU TPOIEC TMPOEKTYBaHHA 1 MIABUIIMTA MIPYy TOYHOCTI MoAeNned ams
3actocyBanus MCE.

3. 3anpornoHOBaHWN YTOYHEHHWW METOJ| 1 BUKOHAHHMM MIITHICTHUNA PO3pPaxyHOK TpaBEepCH
JUBApHOTO KpaHy, SKUH JO03BOJIMB OTPUMATH 3aKOHOMIPHOCTI PpO3MOAUTY HampyXeHb B
KOHCTPYKIIii, CHPSIMOBAHOCT1 CUJIOBHX MOTOKIB.

4. BukoHaHU# aHa]I3 HAIPYKEHO - J1ePOPMOBAHOIO CTaHy METAJIOKOHCTPYKIIII TpaBepcu
MOKa3aB, 10 3HAYEHHS €KBIBAJICHTHOT'O HAMIPYKEHHsI PO3MOIIJICH] MK eJIeMEeHTaMU HEPIBHOMIPHO 1
X 3HaYCHHSI 3MIHIOIOTHCA Big 6 10 125 MITa.

5. IcroTHuMii BIIUB Ha piBEHb HANPY>KEHb POOJSATH TEIUIOBI HABAHTAXKEHHS, ISl OIL[IHKU
9Oro MOTPIOHO JTOJTATKOBI JOCIIKSHHS.

6. 3anumaeTbcs e HU3KA 3alUTaHb ONMTHUMI3AIlll KOHCTPYKIIi TpaBepc JIMBApHUX KPaHiB,
SKi BKITIOYAIOTh: BUOIp OCHOBHHX IapaMeTpiB KOHCTPYKIIii, OOTPYHTYBaHHS ONTUMAIBHHX (HOpM
€JIEMEHTIB 1 TEOMETPUYHHMX XapaKTEPUCTHK iX Mepepi3iB 3 METOK MiHiMizallii MacH, 3a0e3neYeHHS
PIBHOMIPHOTO PO3MOLTY HAIIPYKEHb 1 MJIABHOCTI CHIIOBOTO TOTOKY.
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Sahirov Y., Suhlobov V.

APPLICATION OF TOPOLOGICAL OPTIMIZATION ON THE EXAMPLE
OF ELEMENTS OF CASTING CRANE TRAVERSE

Their elements are exposed to significant dynamic loads and high temperatures. Need to
develop a methodology for strength calculations of traverse elements of casting cranes was justified
earlier that would allow to: consider their actual working conditions, increase accuracy of
calculations, increase their reliability and safety of operation. It was shown that actual values of
inertial loads during crane moving may exceed values considering during its design. In addition,
recommendations were developed on choice of values of deviation angles of hoisting ropes from
vertical when performing calculations of casting cranes elements on static strength and fatigue.

FEM implemented in the CAD/CAE systems is widely used during strength calculations and
optimization of elements of hoisting-and-transport machines that allows to: increase accuracy of
performed calculations, obtain picture/chart with stress-strain states of the whole assembly,
repeatedly conduct research using developed model.

Traditional strength calculations of crane metal structures and their elements are based on
assumption of flat scheme of their work, while their elements operate as spatial systems. For
example, calculation of crane bridge with two span beams of sheet construction usually consists of
calculation of individual beams with applied design loads. This approach is traditional due to the
fact that calculation methods have evolved being based on manual method of calculation using
simple counting devices. In complex cases it is difficult to estimate accuracy of such calculations
without experimental verification on models and products.

At present, due to development of special software for calculating spatial structures a need to
break down metal structures into flat elements gradually disappears. Practically all modern
strength calculations are carried out using FEM. Therefore, to determine the actual stress-strain
states of the traverse usage of calculation methodology with traditional engineering methods and
FEM are proposed. As an example, a casting crane with lifting capacity of 450 tons is considered.

Selection of parameters and effective method for solving problems of metal frames optimization
is important design stage. Many authors pay attention to resolve this task. That significant number
of works describe design of specific objects and contain information only about algorithms and
their design results. Often design schemes of optimization objects are extremely simplified because
they have small number of design variables. In this case model objects (beams, plates, shells) are
most often considered rather than real structures with complexity of practical design models. It is
noted that reducing mass and increasing specific strength of structures are the most important tasks
for designers around the world. Solution of these problems is directly connected with task of finding
optimal geometric parameters of designed product. Currently, topological optimization methods
and corresponding software are used to solve this task. Usage of methods of optimal design allows
finding the best design parameters that satisfy technological limitations and strength limitations,
thus providing a minimum of the objective function. Today topological optimization methods are
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relatively new component of design procedure but are increasingly used, for example, in the
aerospace industry.
Using topological optimization method and appropriate software it is possible to work with
existing construction of the traverse.
Keywords: casting crane, traverse, metal construction, spatial model, design scheme, finite
element method, synthesis, topological optimization method, thermal loads.

Carupos 10O. I'., Cyruo6os B. B.

NPUMEHEHHME TONOJOTMYECKOM ONITUMU3 AU
HA IIPUMEPE 3JIEMEHTOB IIOJIBECKH JIUTEHHOI' O KPAHA

Lenvio smoii pabomvl s615€MCa MOOEIUPOBAHUE, AHANU3 (PAKMUYECKO20 HANPAHCEHHO-
0ehopMUpoB8anHO20 COCMOAHUS DJIEMEHMO8 MPAepChbl TUMEUH020 KPAHA C Y4emoM MAcchl
HOOHUMAEMO20 2py3a, Menio6o20 6030eUCmeEUs U OONOIHUMENbHbIX UHEPYUOHHLIX HASPY30K, U
NONY4eHUsi HOBOU KOHCMPYKYUU IIEeMEHMO8 mMpasepcyl ¢ NPUMEHEHUeM MONnoai0eU4ecKol
onmumuzayuu. O0beKmom uccie008anus A61Aemcs 3aKOHOMEPHOCMb PACHPeOeNeHUs HANPAXCEHUU
8 dleMeHmax mpasepcvl. B cmamve npeonosicena memooonocus MoOemuposaHus U aHaIu3d
HANPANCEHHO-0ePOPMUPOBAHHO20 — COCMOAHUSL  MPAGEPCHl  JUMENUHO020 Kpana ¢ yuemom
OONOIHUMENbHBIX HAZPY30K, OCHOBAHHASL HA MeMOoO0ax paciemos Ha NPOYHOCHb N0 OONYCKAEeMbIM
HANPAXNCEHUAM U Memode  KOHeumvblx diemenmos. Paspabomana pacuemmnas — cxema,
meepoomenvHble-0eh)oOpMUPOBaHa MOOENb U BLINOIHEH PAcyenm MemoOOM KOHEYHbIX DJIeMEHMO8 8
CAD / CAE cucmenme.

B cmamve npugedenvl pe3yivmamsi MOOEIUPOBAHUSA HASPYHCEHHO2O COCMOAHUS C Y4emom
OONOIHUMENbHBIX HASPY30K U pacyema mpagepcuvl JUMENHO020 KPpana Ha NPOYHOCMb MemooOM
koneunvix 2aemenmos 6 CAD / CAE cucmeme; ananusz HANPpANCEHHO-0ePOPMUPOBAHHOLO
COCMOSAHUSL MPABEPCHI, OCHOBAHMBIL HA MEmoOax paciemos HA NPOYHOCMb NO OONYCKAEMbIM
HAnpsxiceHusM U Memoode KoHeuHvlx dnemenmos. C  UCnonb308aHueM MONOIOSUHECKOl
onmuMu3ayUY NOIY4YeHa HOBAsl KOHCMPYKYUs d1emenmoe mpasepcvl. Onpedenensvi 803MONCHbIE
nymu 0anbHeuuux uccie008anull.

Kniouegvie cnosa: numetinviii Kpa, MemaiioKOHCMPYKYus, NpOCMPAHCMEEHHAS] MOOEb,
pacyemmuas cxemd, MemooO KOHEYHbIX DJIIeMEHMO8, CUHMe3, MONONO0SUYECKAs. ONMUMU3AYU,
Menogvle HazpyHCeHUsL.
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ONTUMMU3ALINA CBAPHBIX COEIUHEHUM METAJIJIMYECKNX
KOHCTPYKIIMI

Pazsumue memo0oos npoekmuposanus c8apHviX COCOUHEHUN U KOHCMPYKYUL dauje 6ce2o
CB5-3b168AI0OM C NOUCKOM ONMUMANILHOU 2e0Mempuydeckol (Gopmvl U pazmepos KOHCMPYKYUU C
Yenvio 00CMUINCEHUSL MUHUMANbHOU MACChl, MPYO0eMKOCIU U320MOBLEHUS U OpYeUX noKasamerell.

OnmumuzayuornHoe npoeKmupo8anue C8aApHbIX KOHCMPYKYUL C8A3AHO C He0OX00UMOCbIO
yuema MHO2OYUCIEHHbIX YCI08UU U NAPAMEMpPO8 KOHCMPYKMUBHO20, MEXHOJI0SUYECKO20,
IKCNAYAMAYUOHHO20, CMOUMOCMHO20 U Op. (PAKMOpOos, GKIoYanwue 6 cebs Nnpomueopeyusvie
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