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C. 0. TYFChKHH, M .B. IEFPEHKO, A. O. OKYHb

JOCJIIXKEHHS HAIIPY)KEHOT'O IE®GOPMOBAHOI'O CTAHY METAJIOKOHCTPYKIIII
CTEH]IY MEXAHI3MY HIJITAOMY BAHTAXKY

VY po6orti poBeeHO PO3paxyHOK HAIPYKEHO-Ae(hOPMOBAHOI0 CTAaHY METAJIOKOHCTPYKLIT CTEHAY MEXaHi3My ITiIiioMy BaHTaXy 3a TPAHHYHUM CTaHOM
13 3aCTOCYBaHHSIM METOAlY CKIHUCHHHUX elleMeHTiB. ITokazaHo, 10 Y BCIX pO3paxyHKOBUX 30HAX AIIOTH HAIIPY)KEHHS, 110 HE IIPUBOMSTH 10 HAKOIIMYCHHS
YIIKO/DKEHb 1 IX METAaJIOKOHCTPYKILIi MaroTh HEOOMEXKEHy IOBroBiuHicTh. HaBeneHO pe3ynbTaTH eKCIepHMEHTAIbHUX NOCITIIKEHb Halpy)KeHO-
JiehOpMOBaHOTr 0 CTaHy METATIOKOHCTPYKLIT KIITKH 32 JOHOMOI' 00 TEH30METPHYHOIO METOY HEpPYHHIBHOr0 KOHTPOJIIO. 3p00JIeHO OPIBHUIBHUN aHai3
AHANITUYHUX Ta eKCIEPUMEHTAIBHUX JIOCIIDKEeHb.

KutrouoBi ci1oBa: MexaHi3M IigiioMy, HanpykeHo 1ehOPMOBAHUI CTaH, METAIOKOHCTPYKIsl, METO/ KIHI{€BHUX €JIEMEHTIB.

C. A. TYBCKHH, M .B. I[EFPEHKO, A. A. OKYHb
HNCCIIEJOBAHUE HAITPA)KEHHOI'O JE®@OPMUPOBAHHOI'O COCTOAHUA
METAJUVIOKOHCTPYKIIUU CTEHIA MEXAHU3MA IIOJABEMA I'PY3A

B pa60Te TPOBEACH paCy€T HAIIPSXKEHHOI' O Z[ed)OpMHpOBaHHOFO COCTOSIHUS METAJIJIOKOHCTPYKIIUU CTEHIa ME€XaHW3Ma NoAbEMa rpysa 1o npeacibHoOMYy
COCTOSIHUIO C IPUMEHEHUEM METOJAAa KOHCYHBIX 3JIEMEHTOB. HOKaSaHO, YTO BO BCEX pacqéTme 30Hax HeﬁcTBy}OT HanpspKEHUS, KOTOPBIC HE ITPUBOIAT
K HaKOIUICHUIO nmspe)!(z(eﬂuﬁ U UX METAJUIOKOHCTPYKIHUH HMEKT HCOIPAaHUYCHHYIO HOOJIOBEYHOCTD. HpI/IBCI[CHLI pe3ysbTaThl €KCIIMEHTAJIBHUX
l/lCCJ'lC}lOBaHMﬁ Hal‘lpﬂ)KeHHO-HC(i)Ole/lpOBaHHOFO COCTOSHHUSA METAJNIOKOHCTPYKIHUHU KIETKH C TIOMOIIBIO TEH30METPUICCKOIO METOAa HEPA3PYIAIOIIET O
KOHTPOJIA. C}leﬂaH CpaBHl/lTeﬂbelﬁ aHaJIn3 aHAJIUTHYCCKUX U CKCITMCHTAJIbHUX nccnenosaﬂuﬁ.

KiroueBble ¢JI0Ba: MEXaHU3M noabeMma, HanpsmceHHo-ae(popmuposaﬂﬂoe COCTOSIHUE, METAJIJIOKOHCTPYKIMA, METOA KOHEYHBIX 3JIECMECHTOB.

S. A. GUBSKIY, M. V. TSEBRENKO, A.O. OKUN
RESEARCH OF THE STRESS-STRAIN STATE OF THE METAL STRUCTURE OF THE LOAD
LIFTING MECHANISM TEST BENCH

The paper deals with the stress-strain state of the metal structure of the load lifting mechanism test bench that is calculated on the basis of the limiting
state using the finite element method. It is shown that stresses, that do not lead to accumulation of damages, occur in all design zones and the metal
structure has unlimited durability. The results of the experimental attachments of the stressed-deformed mill of the metal cladding are added to the result
of the use of the tensometric method of non-verbal control. The crippled pornographic analisys of analitic and experimental dosensis.

Keywords: lifting mechanism, stress-strain state, metal structure, finite element method.

Beryn. JluHamiuHi HaBaHTaXEHHST B MexaHi3Max  MarHiTHo-koepuutuBHuid Meron HK). Ile nossossie

HmiAfioMy BaHTaXy CYTTE€BO BIUIMBAIOTh HAa HAIpPYXEHO—
nedopmosanuii cran (HIC) MeTaIoOKOHCTPYKIIii.

Huns nocmimxenas HIAC mMeranokoHCTpyKIii CTEeHAY
MeXaHi3My MiAHOMY BaHTa)XXy MOXKJINBO BUKOPHCTOBYBATH
AHAJITUYHI, 4YHCIOBI Ta IHII METOAW PO3PaxyHKY.
[lianTBepauTH 1  PO3pPaXYHKU MOXIJIHMBO  EKCIIEPU—
MEHTAJbHO, HAIPUKJIAJ, MarHiTHO-KOEPUUTUBHUM METO—
nom HepyiiHiBHOro koHrtpomto (HK), tensomerpuunum
meronom HK.

AHaITI THIHUHA METOH PO3paxyHKY HAC
METAJIOKOHCTPYKIIi CTEHAY MEXaHi3My IiAHOMY BaHTaXy
BUKOPHCTOBYETHCS ULl IONEPEIHIX Ta MPOSKTYBaIbHHX
PO3paxyHKiB, sKi HEOOXigHI A BHOOPY MOIEPEYHOTO
mepepi3zy eIeMEHTIB METaJOKOHCTPYKINI Ta TpH aHawi3i
BIUTUBY OKPEMHX C€JIEMEHTiB Ha OTPUMAaHHH pe3ynbTar
(MOXITUBICTh 3HAXOPKEHHS ONTHUMANBHOrO pimenHs) [1,
2]. Le#t meron 0a3yeTbcs HAa NPUHIMIAX OYHiBEIHHOL
MEXaHIKH Ta OIIOpYy MaTepiaiB.

Pospaxynok HJIC wMeramokoHCTpyKmii  CTEHIY
MeXaHi3My HiJHOMY BaHTaXXy YHCIOBUM METOJOM MOXKHA
BUKOHATH 32 JONOMOT'OI0 METOAY CKiHYCHHHX EIEMEHTIB
(MCE) (puc. 1). Ile no3Bomsie TPOBOAUTH PO3PAXyHOK
METAJIOKOHCTPYKIIi CTEHAY MEXaHi3My iIHOMY BaHTaXy
3 pi3HUMH BUI@MH HAaBaHTaKeHHS. [3].

Hns  exciepumenTanbHOoro  Bm3HaueHHs  HJIC
METAJOKOHCTPYKIIi CTeHIy MeXaHi3My MiAHOMY BaHTaXy
MOXIIMBO  BHUKOPHUCTOBYBAaTH METOAM  HEPYHHIBHOTO

KOHTpONIO (Hampukiag, TteHsomerpuunuii merox HK,

MOPIBHIOBaTH OTPUMAaHI Pe3yJIbTATH 3 YUCIOBHUM METOIOM.
Takox, excrepuMeHTanbHUN Meron Buiz—HaueHHsS HJIIC
MOJKJIMBO BHKOPHCTOBYBATH I BU3HAYEHHS PEabHOTO
CTaHy  METAJIOKOHCTPYKIIi  KpaHa 3  MOJAbIIUM
3aCTOCYBaHHSIM B TMOEIHAHHI 3 aHANTUYHUMU abo
YHCJIOBUMHU METOIAMHU.

M+Quy

Prc. 1 - Cxema s aucnoBoro pospaxynky HAC MCE
METaJOKOHCTPYKIIi CTeHIy

Sk moka3ye TNpaKkTWKa YacTHHY HaBaHTAXEHb Ha
METAIOKOHCTPYKIIII0 MOKIIMBO BUPAaXyBaTu 3a (i3HIHUMHU
3aKOHaMHU (HAIIPUKIIAJ, BaroBi XapaKTepUCTHUKH, 1HEPIIHHI
HaBaHTaXeHHS 1 T.4.). llle wactmHy 3a eMHipHYHHMHU
(dopmynam (HampHKIaa, 3yCHIUIA BiJ B3a€MOJii KaHaTa 3
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KaHaBKOIO Oapabana) [4, 5]. Ame B npoMy BHIAIKY
HEMOXJIMBO  O0’€KTHBHO  BpaxyBaTH  HamNpYKCHH:,
HE3a/I0BIJIbHOI pOOOTH MEXaHi3My IMiJiHoMy KpaHa i T.1.,
[I0 MOXE MPU3BECTH JO 3HAYHOI MOXMOKH Yy BH3HAYCHHI
JMIOYMX HaBaHTaXeHb. MarHiTHO-koepruTuBHUE HK Ta
MCE € iHCTpYMEHTOM IS OLiHKH JIiT IIX HANpY>KEeHb.

Buxoasun i3 pO3IJISHYTHX METOMIB BHU3HAYCHHS
(po3paxynky) HJIC MeTaloOKOHCTPYKINi, MH BHKO—
pHUCTaEMO YUCIIOBI METOAN.

Meta pocaimkennsi. [IpoBeneHHs MOCIHIIKEHHS
HJIC wMmeranokoHCTpyKIii CTEHAY MeXaHi3My MigioMy
BaHTAXy IUIIXOM 3aCTOCYBaHHS METOHY pO3PaxyHKY
TPaHUYHOIO CTAHY Ta KiHI[EBUX CIIEMEHTIB.

[IpoBonuBCs po3paxyHOK METaJIOKOHCTPYKIIT CTEHAY
MeXaHi3My HiHOMYy BaHTaxy, SKWl OyB CTBOpPEHHMH IUis
eKCIIEPUMEHTANBHUX JOCTI/PKEHb.

Jlnst BU3HAYEHHS BIUTUBY MEXaHi3My MigHOMY
Bantaxy Ha HJIC mociimkyBaHOi MeETalIOKOHCTPYKIIiT
PO3paxyHOK MPOBOJMBCS METOIOM I'PAHMYHUX CTaHIB VIS
xapakrepHoro TtexHonoriynoro mukny (XTL[) poGoru
MeXaHi3My: II04aTOK MiJHOMY BaHTaXYy 3 3eMJIi Ta 3aBep-

mwenHst migiiomy. Janwmii XTI posmineHo Ha Taxi
PO3paxyHKOBI BUMAIKH:

I po3paxyHKOBHH BHIIQJOK — BiJ] BJacHOl Baru
METaJIOKOHCTPYKIIIT;

II po3paxyHKOBHIH BUTAJOK — «BiJIPUB» BAaHTAXKY Bij
IT1 JIJTOT

I po3paxyHKOBHIi BUITAJIOK — 3aBEPILCHHS MiIHOMY.

Mopenb CTeHIy MeXaHi3My MiIHOMY BaHTaxy
ctBopeHa B MacmTabi  1:1.  Jlns  mozentoBaHHS
BUKOPHCTOBYBAJIUCS €I1EMEHTH 000JI0OHKOBOT'O THUILY.

Mopenp crpoiieHa B TOpIBHSHHI 3 peajlbHUM
00’€KTOM: BIJICYTHI MEXaHI3M MiIHOMY, KPOHIITESHHH JJIsI
KpIIUIEHHs] Ta 1HIOI JIOMOMDKHI €JeMEHTH MeTallo—
KOHCTPYKIIii.

Takoxk mpu po3paxyHKy CTEHAY MEXaHi3My IiiioMy
BaHTaXy OYyJI0 BHKOPHCTaHO HACTYIHI XapaKTepHUCTHKU
Meraa, 1o peKOMeHAyoThes [1]:

- Mozyap IOnra E = 2,06-10° MIla;

- koeimienT [lyaccona u = 0,3;

- koe(iLi€eHT MinifiHOoro posmmupenHs o = 0,12-104°C;
- rycTuHa MeTany p = 7,85-10% kr/m®,

[Ipu po3paxyHKax METaJOKOHCTPYKLii KpaHiB 3a [
TpaHUYHUM CTaHOM He (IKCYIOThCS  KOHIIEHTpAIlii
HampyXeHb, a BHKOPHCTOBYIOTBCS IS IONAJBIINX
po3paxyHkiB (um amamizy HJIC weramokoHCTpyKIIii)
HOpMaibHi Hanpyxeuus [1-3].

Hocaimxenns HAC MeTaI0KOHCTPYKIIT CTeHTY
MeXaHi3My miioMy BaHTaXKy

B ™Mopmem creHmy MexaHi3My MiTHOMY BaHTaXy
30epeeHi OCHOBHI KOHCTPYKTHBHI 0cOONMBOCTI: (hopma
Ta po3Mipu 6anok MeTamokoHCTpyKii (Puc. 2).

CkaioBi (HaBaHTa)KEHHS, IBUAKOCTI, IPUCKOPEHHS,
koe(ilieHTH 1 T.I.), IO OiIOTh Ta BPaxOBYIOTHCA B
po3paxyHkoBux Bumaakax XTLl Ha METaTOKOHCTPYKIIIO

CTEH]Iy MEXaHi3My MiJHOMY BaHTaXY:

— BiacHa Bara koHCTpyKIii Gx = 26500 H;

— Bara BanTtaxy Gg = 6600 H;

—  NPHCKOpEHHs BinbHOro mafinus g = 9,81 m/c?;

— TIpH «BIIPHMBI» BaHTaXy BiJ] OCHOBH BHMHHKA€E
JIONATKOBE JWHAMIiYHEe HABAHTAXKEHHS, SKE BPAXOBYETHCS
JuHaMivHEM Koedinientom w1 = 1,1 [1];

— TpH 3aBeplieHi MiAHOMY BHHHKAE 3BOPOTHE
KOJIMBAHHS BAHTAXY Ha KaHATaX, $KE BPaXxOBYETHCS
JuHaMivHEM Koeditientom w '=1/y1=1/1,1=0,9 [1];

Puc. 2 — 3aranbHuii BUIVIST MOJET CTEHTY MEXaHi3My
miHoMy BaHTaXy

Bymo mpoeeneno pospaxynku HIAC wmeramo—
KOHCTPYKIII CTeHIy MexaHi3my miaiiomy Bantaxy MCE
OpU  pI3HUX pO3paxyHKOBHX Bumaakax (puc. 1). B
pe3ynbTari OynyM BCTAaHOBJIGHI HACTYIHI  €IEMEHTH
METANIOKOHCTPYKIii (po3paxyHkoBi 3oHuM (manmi P3)) 3
MiJBUIIEHAM piBHEM HAIpPYKeHb Ta [OOCUTH BEIUKHM
PO3MaxoM HaNPYKeHb (AG= Omax-Omin) — pUC. 3a.

HamnpyxeHHst B HalOLIbIII HABAHTAKEHUX EIEMEHTAX
METaIOKOHCTPYKIIIT KpaHa (po3paxyHKOBUX 30HaX, pHC. 3,
0) mpu pi3HUX pO3PAaXYHKOBHMX BHIAJKAaX HABEICHO B
Tabmumi 1.

Tabmuus 1 — HanpyxeHHst B Haii0i1bI HABaHTAXKEHUX
eJIeMEHTaX METaJOKOHCTPYKIIIT CTeH/Ly MeXaHi3My IIi oMy
BaHTaXy (PO3paXyHKOBHX 30HAX) MPH Pi3HUX PO3PAXYHKOBUX

BUTMAIKaX

Pozpaxynkosuii HampyxeHHs B po3paxyHKOBUX
BHIIAJIOK 30Hax, MIla

HaBaHTAKEHHS 1 2 3 4 5

| 3,5 1,7 1,4 0,8 0,3
I 47 24 16 9 5
1 39 20 14 7 3
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a

P33

P35

P34

6

Puc. 3 — EnemeHTH MeTaIOKOHCTPYKIii (PO3paXyHKOBI 30HH):
a -3 MiJJBUIIEHUM piBHEM HalpY)KeHb Ta O — JTOCHTH BEIMKIM PO3MaxoM HaIpyKeHb

Mexa ButpuBanocti, MIla:
o-1x=Kv 0.1x3 (1

e o-;xp — 0a30Ba MeXa BHTPHUBAIOCTI — JJIS CTalli
Ct3cm, MIla (TOCT 19281-89) ta6un. 5.3.1 [1];

ki — kKoe(iIlieHT BIUIMBY TOBIMMHH PO3PaXyHKOBOTO
eIIeMEHTa METaIOKOHCTPYKITIT

ke=(to/t)*?, (2)

e t — TOBHIIMHA TOTrO eJIEeMEHTa BY3Ja, 3a SKUM
BEJIETHCSA PO3PAXYHOK, MM;

t0=20 Mm.

Mexa ButpuBajocti (Ha 6asi No = 2-10° nuknis) mus
HAMOUIbII HABAHTAXKEHUX €JIEMEHTIB METaJIOKOHCTPYKIIii
KpaHa (po3paxyHKOBUX 30H, puc. 3 a, 0) HaBeJCHO B
Tabumui 2.

Tabnuus 2 — Mexa BUTpUBATIOCTI
(na 6a3i No = 2-10° uuxnis, MITa) s Hai6inbm
HaBaHTA)XCHHX EJIEMEHTIB METAIOKOHCTPYKLIi KpaHa
(pPO3paxyHKOBHUX 30HAX)

Mesxa BUTPHUBAIIOCT] B
po3paxynkoBiii 30mi, MIla
1 2 3 4 5
bazoBa mMexa 63 63 63 63 63
BHUTPUBAJIOCTI
O-1KB, MIla
(tabn. 5.3.1[1])
ToBmuHa enemeHTa 5 5 5 5 5
PO3PaxyHKOBOI 30HH,
MM
Mexa ButpuBanocti 83 83 83 83 83
O-K, MIla

Cxematmzamisi 3MIiHH HamnpyXeHb TIPH PI3HUX
PO3paxyHKOBHUX  BHIIQJKaX HABAHTAXCHHS  METaIO—
KOHCTPYKIIi CTeHAY MeXaHi3My IMiAHOMYy BaHTaXy
METOJIOM «ITOTOKIB JomIy» [ 7] 300paxkena Ha puc. 4.

[IpuBeneHHS aCHMETPUYHUX IUKIIIB HATIPY)KSHHS JI0
€KBIBaJICHTHIX CUMETPUYHUX 371 ICHIOBAJIH BiAIIOBITHO JI0
Bumor [7]:

Coj Wy 0n, 0,>0

©)

Fnes oy >0

ne olIP.J — ammiiTyna mpuBENEeHOr0 CUMETPUYHOTO
LUKy HanpyxeHb, MI1a;

0aj — aMIUTITy/la aCUHMETPUYHOTO LIUKITY HAMPYXKEHb,
Mlla;

om — cepellHE 3HAYCHHs HalpyXeHb nukiny, Mlla;

Yo — Koe(illieHT YyTIMBOCTI CTajl /0 acuMerpii
LUKITy. BimoBiiHO 47151 TPOKATHOrO JIMCTA

y0=0,02+2-10-4-6B=0,02+2-10" @)
4.372=0,0944

ne 6B=372 MIla — TuM4acoBa Mexa OIOpy crali
Cr3mc.

PesaynpraT cxemaTu3amii 3a METOJOM «IIOTOKIB
jgoiy» [5] cTeHmy MexaHi3My MiHOMY BaHTaxy
Mpe/CTaBleH] B Ta0m. 3.

Tabmunst 3 — Pesynbratu cxemarusaiii mo meromy
«TIOTOKIB Jo1ty» [7] Ui HaiO11b11 HeOe3neuHOT
PpO3paxyHKoOBOI 30HU 1

Ne LUISXY 1-2 2-3
«TIOTOKY»

omin, MIla 35 39

omax, Mlla 47 47

ca, MIla 43,5 8

om, MIIa 25,3 43

onp.J, MIla 459 12

Sk BumHO 3 Tab1. 3 OTpUMaHi aMIUTITYAH PUBEICHIX
CHMETPUYHHX LIUKIIiB HANPY>KEHb JUTS BCIX PO3PAXYHKOBUX
30H 33I0BOJILHSIOTH YMOBI

ollP.J<c-1K
TOOTO, y BCIX PO3PaXyHKOBHX 30HAX JIIOTH HAIPYXXEHHS,
0 HE TMPHUBOIATH JO HAKOMMYEHHS YIIKO/KEHb 1
METAIOKOHCTPYKIis CTeHAY MEXaHi3My IiJHOMY BaHTaxXy
NpU eKCIUTyaTallifHOMy HaBaHTaXXCHHI Ma€ HEOOMEXEHY
JIOBroBigHICTS [1].
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Puc. 4 — Cxemartu3aist 3MiHH HalIpY)KeHb TIPH Pi3HUX PO3PaXyHKOBUX
BHUMNAKax HaBaHTakeHHs MK MeTo0M «1oTokiB goury» [7]:
a—P31,6-P32,8- P33, r— P34, n—P35.
CTeH0BI 10CTizKeHHSA METaJOKOHCTPYKLI{ cTeHy (puc. 6).
[IpoananmizyBaBuIM  TEOPETUYHI Ta  AHAJNITHUYHI o. MIla
PO3paxyHKH OyJI0 IPUHUHSTE pillleHHsT BCTAHOBUTH TEH30-
JaT4uKy (puc. 5) AJsi BAMIPY HalpyXKeHb, 1[0 BUHUKAIOTh 50
y HaiObI HecnpusTuBii 30H1 (P3 1). 40
30
20
10
0

1 2 3 4 (fcek
Puc. 6 — 3ycuiist oTpuMaHi 3 TeH30-JaTYHKIB

Sx BUOHO 3 pHC.6 OTpPHMaHI HANPYXEHHS Maixe
CIIBIAJAI0Th 3 PO3PAXyHKOBUMHU.

BucHoBku
[Ipr dmcmoBOoMy pO3paxyHKy METaTIOKOHCTPYKITiH

CTEHIy MEXaHi3My MiAHOMY BaHTaXy Ta Mg dac
eKCIUTyaTaIlifHOro HaBaHTakeHHS 3a gomomororo MCE

Puc. 5 — Po3ramryBanHs TEH30-JaTYHKIB HA ' X
€KCIIEPHMEHTAIEHOMY CTEHI: BCTAHOBIIEHO: Yy BCIX pO3paxyHKOBHUX 30HaX IIIOTh

1 — po3paxyHkoBa 30Ha 1; 2 — TEH30-JaTUYNKH HaAIpy)KEHHs, 10 HE IPUBOIATH [0 HAKOINUYEHHS
YIIKO/KEHB 1 IX METaJOKOHCTPYKII MalOTh HEOOMEXEHY
B pesynbrati Oyio npoBeaeHO HaBaHTA)KEHHS CTEHAY  JOBTOBIYHICTb.
IpY  JIHIMHOMY 3aKOHI KepyBaHHS TiIPONPHBOLY Ta
OTpUMAaHUN rpadix 3MIiHH HABaHTAKCHHS B
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