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Crarta cnpsiMOBaHa Ha TIONMIYK HAWOUIbII €PEeKTHBHOTO METOMY ITiBUIICHHS BaHTAKHOI
CTIMKOCTI CTPLJIOBOTO CaMOXiAHOTO KpaHa. YBary HpUIUICHO OISOy JITEpaTypHHX DKepel Ta
MaTeHTiB. PO3rNIIHYTO METOa MiABUINCHHS CTIMKOCTI O TEPEKHUJIaHHS TyCEHWYHHX KpaHiB, e
BUKOPUCTOBYIOThCSI pyxoMi mpotuBaru. Ilokasano, mo crtalinbHa 00JIACTH MOJIOKEHHS PYXOMHUX
MPOTHBAr CYTTEBO 3MIHIOETHCS 3aJIEKHO BiJ KOH(DIiryparii KpaHa Ta MacH HOro KOPHUCHOTO
HaBaHTaXEHHA. B 1HIIOMY BUNAnKy Ui MiABUILEHHS OE3MEeYHOCTI BBEACHO JIBAa 1HICKCH.
BuzHaueno, 1o 3HaXOKEHHS CHJIM OMOpU € e(PEeKTHBHHM 3aco00M 3armoOiraHHs MEepeKuIaHHS
MOOLTBHOTO KpaHa abo BUXOXMy 3 Jiaay omopu. lIpeacraBieHo MexaHIYHY MOJIENb ABTOKpaHA.
PosrasHyTo crmoci® migBUIEHHS CTIMKOCTI MO0 MEPEKWIaHHS MOOILIRHOTO KpaHa 3 BpaxXyBaHHIM
KOJINBaHHS KOPUCHOTO HAaBaHTAKEHHA. KOPHUCHICTD IIMX KpaHiB 3HAYHO MOKPAILY€ETHCS, SIKIIO BOHU
MOXYTh BHUKOPHUCTOBYBaTH CBOIO MOOUIbHY O0asy Mg dYac migioMy Ta TmiepeHeceHHs a3
excrutyaranii. IlpeacraBieHO NPUHLMIIOBY CXEMy MOOUIBHOIO —CTPLIOBOTO  KpaHa, IO
BUKOPHUCTOBYETBCS ISl CTAaTHYHOTO aHajidy. Takok TMOKa3aHO 3aJIe)KHOCTI MaKCUMAaIbHO
MO>KJIMBOTO KOPHCHOTO HABAaHTAXKEHHS BiJl KyTa IOBOPOTY. PO3IJIsIHYTO BapiaHT MiJHOMHOIO
CaMOXITHOTO KpaHa Ta Croci0 Horo ekcruryaTailii, J€ € MOXJHMBICTb 3HHM3WUTH TIOBHY Bary
NPOTHBAard TOPIBHSAHO 3 IHIIMMHM KpaHaMHM Takoi X BaHTaxomigiomHocTi. HaBeneno cxemy
MiIHOMHOTO CaMOXiJHOTO KpaHa. BUsSBIEHO HEAOCTATHIO KUIBKICTh JTOCHTIKEHb CIPSIMOBaHUX Ha
PO3BUTOK Ta BJIOCKOHAJIEHHS BAaHTAXHOI CTIMKOCTI CTPUIOBHX CaMOXIiJHUX KpaHiB. 3HAMIIEHO
MEPCIEKTUBY MOJAIBIION0 BUBYCHHS ITUTAHHS 1010 MMOKPAICHHS KOHCTPYKIIIi MPOTHBArH IUISIXOM
KOpEryBaHHS 3MIHU TOJIOKCHHS TMPOTUBArd 3aJIe)KHO BIJ] MacH KOPHCHOTO HAaBaHTAXCHHS 1
ypaxyBaHHsI 30BHIIIHIX YUHHUKIB.

Kniouosi cnosa: cTpinoBuii caMOXiTHUN KpaH; BaHTa)XKHA CTIHKICTh; KOHCTPYKIIiS
MPOTHBArd; BHHOCHI OTIOPH; IEPEKUIaHHs KpaHa.

Podoliak O., Anenko K., Starosta Zh. "Review of the status of the issue of ensuring the load
stability of the self-propelled jib crane."

The article is aimed at finding the most effective method to increase the load stability of a
self-propelled jib crane. Attention is paid to the review of literature sources and patents. The
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method of increasing the resistance to overturning of crawler cranes, where movable
counterweights are used, is considered. It is shown that the stable region of the position of the
movable counterweights varies significantly depending on the configuration of the crane and the
mass of its payload. Otherwise, two indexes have been introduced to increase security. It is
determined that finding the support force is an effective means of preventing the mobile crane from
tipping over or the support from failing. A mechanical model of a truck crane is presented. The
method of increasing the resistance to overturning of the mobile crane considering the fluctuations
of the payload is considered. The utility of these cranes is greatly improved if they can use their
mobile base during lifting and transfer of operation phases. The schematic diagram of a mobile jib
crane used for static analysis is presented. The dependences of the maximum possible payload on
the angle of rotation are also shown. The variant of the self-propelled crane and a way of its
operation where there is a possibility to reduce full weight of a counterweight in comparison with
other cranes of the same loading capacity are considered. The scheme of the self-propelled crane is
offered. It is determined that the insufficient number of studies is aimed at the development and
improvement of load stability of jib cranes. The prospect of further improvement of the
counterweight design by adjusting the change in the position of the counterweight depending on the
payload and taking into account external factors is outlined.

Keywords: self-propelled jib crane; cargo stability; counterweight design; remote supports;
overturning the crane.

AKTYaJIbHICTH

BanrtaxHi migiioMHI KpaHU € HEBiJI’€MHOIO YaCTUHOIO CY4acHOTO OyaiBHMIITBA, OCOOIUBO
OaraTonoBepXxoBHX OyaiBenb. TOMY € Ba)XJIMBUM MPUAUTUTH BEIHKY yBary 0e3meuHOCTi, BAHTAXHIN
CTIMKOCTi, MOOLTFHOCTI Ta YIOCKOHATICHHIO KOHCTPYKIIiM BAaHTAKOMIAHOMHUX KpPaHiB.

YacToro mpoOiieMor0 € TepeKuIaHHsS CTPLIOBUX CaMOXIIHMX KpaHiB. BaHTax, sKuii
NiHIMa€e KpaH HaMaraeThcsl MepeKuHyTH Horo. Lle BinOyBaeTbcs 3 TaKMX NPUYMH: MEPEBHUILIECHHS
JIOITyCTUMUX HOPM MacH BaHTaXy, SKi BCTAHOBHB BUPOOHUWK; HEJJOCTATHS Maca MPOTHBArd; podooTa
B YMOBAax 3 CUJIbHUMHU MOPUBAMHU BITPY TEXHIKH, CTIMKICTh SIKOI HEAOCTATHS JAJS NMPOBEJICHHS X
poOiT; BUKOHAHHS BaHTAKOIIITHOMHUX il 0€3 BCTAHOBJICHHS BHHOCHUX OIMOp a00 HEMpaBMIIbHE iX
BCTAHOBJICHHS; HEMPABUJIbHA MIATOTOBKA IUIOMII JJIsl BCTAHOBJIEHHS KpaHy, NOTPIOHO BUKIIIOYUTH
HWMOBIpHICTh TPOCIAHHS TPYHTY; MEPEMIlICHHS MAallMHM 3 MiIBIIIEHHM BaHTaxeM. Hacmigkom
NepEeKUIaHHA € TOBHE PYWHYBAHHS KpaHa, SKUH Jjajll HEMOXJIMBO BiIHOBUTH, JOAATKOBO JI0 11HOTO,
3HMILEHHS MailHa Ta KaJilTBO JIOACH.

BinnmoBigHo g0 [1] ckianoBi 4acTWHU MpOTHBAru i Oanacty MarTh OyTH 3akpirjieHi abo
YKJIQJIeHI B KOXYX JUIS 3armo0iraHHs iX MaJiHHIO Ta JUIsl YHEMOKJIMBIICHHS 3MiHU BCTaHOBJICHOL
Macu. Y pas3l 3aCTOCyBaHHs Uil HpoTHBark abo OamacTy ApiOHOro IITYYHOTO BAaHTaXy BIH
BMIIIYETHCS B METAJICBUI SAIIHK, BIAIITOBAHNHN TaK, 00 YHEMOXKIIMBITIOBAIIUCS MTOTIAJaHHS B HHOTO
aTMoc(epHUX OmaiB 1 BTpaTa BaHTaXy; 3aCTOCOBYBATHU I MPOTUBAru abo OanacTy micoK, pasiii i
meOiHb HEe J03BOJISIETHCS; HAa KpaHax CTPIJIOBOTO THIy K OajacT i MpoTHBara MaroTh OyTH
nepenbaveHi iHBEHTapHI MAapKOBaHI BaHTa)Ki, BUTOTOBJICHHS 1 yKJIaJaHHS SKUX 3IIHCHIOETHCS 32
KpECIIeHHSIMHA pOo3poOHMKa KpaHa; [lepecyBHI MpOTHBAaru MaroTh MEPEMIIIyBaTHCS aBTOMAaTHYHO 3i
3MIHOI BHMJIBOTY a00 MaTH BUAMMHUN MAaIIMHICTY NOKAa3HMK IMOJOXEHHS MPOTHUBArv 3ajJeKHO Bij
BUJIBOTY.

MeTo10 CTATTi € MPOBEACHHS PO3IIIALY OMYyOJIIKOBAHUX JIKEPEN Ta CIOCOOIB MIBUIIECHHS
BaHTa)XHOI CTIMKOCTI CTPLIIOBUX CAMOXITHUX KPaHiB.

© Mononsx O.C., Anenko K.K., Crapocta X.C., 2021 37



ISSN 2079 — 1747 MammuoOynyBanns, 2021, Ne27
DOI 10.32820/2079-1747-2021-27

I'amy3eBe MAaIIMHOOYYBAHHS

OcHoBHa YacTHHA

[IpoTtuBary Ha kpaHi 3a0€3Me4YyIOTh YPIBHOBXKYBAJIbHI CHJIH, IIIO0 KpaH HE TEPEKUIABCS 11T
Yac MiHIMaHHS Ta NepeMillleHHs] BaKKOTO BaHTaXy. PyXJMBI mpoTUBaru MaroTh HU3KY IepeBar 3
TOYKH 30py Barv, MOOUJTLHOCTI 1 MPOCTOTH BUKOPHUCTAHHS B MOPIBHIHHI 3 AaHAJIIOTTYHUMH KpaHAMU 3
¢dikcoBanuMu npotuBaraMu. KpaH 3 pyXOMHUMH MpOTHBaraMi BHKOPHCTOBYE MEHIINY 3arajbHy
Macy Ui BJIacHOI NMPOTHBArd, OCKUIBKH BiH MOKE TEPEMIIyBaTH BaHTaX B Pi3HI MICIS IS
BPIBHOBA)XCHHS BaHTaXy. 3 OIVIAYy Ha MEHIIy Macy INpPOTHUBArd, KpaH Jieriule MepeMillyBaTH sK 3
OHOTO pPOOOYOTO MaWJaHYMKa Ha IHIMKAK, Tak 1 Ha OyIb-SIKOMYy KOHKPETHOMY poOOYOMYy
MaijaHuuKy. PyxoMmi MpoOTHMBaru TakoX CIPOIILYIOTh pOOOTY, OCKUIBKH HE MOTPIOHO AOJaBaTH i
3HIMaTHU Macy NMPOTHUBArd, OCKUJIbKA KOPUCHE HABaHTAXXEHHSI YEPTY€EThCS 3 BAYKKOT0O Ha Jierke[2].

Y crarti [2] H#OCHIKY€ThCS CTIMKICTh OO TMEpeKUJaHHS TyCEeHHWYHUX KpaHiB 3
BUKOPHUCTAaHHAM pPyXOMOI mpoTuBard. s BH3HAYEHHS CTIHKOCTI TPOIIOHYETHCS METOM, SIKHH
0a3yeTbcs Ha Mipi 3amacy CTIHKOCTI KyTa CWiIH. [HAEKC MOMEHTY MepeKuIaHHs B MPAMOMY i
3BOPOTHOMY HampsSIMKax BHKOPHCTOBYETHCS, SK KPUTHYHHIA CTaH TEpeKuIaHHi. Pesynpratn
MOKa3yloTh, SIK 3MIHIOIOTbCS MAaKCHUMallbHE Ta MiHIMaJbHE O€3MeuHe TIOJIOKEHHS PYyXOMoi
MPOTHBArd B PI3HUX poOounmx ymoBax. [loOKeHHS TPOTHBArW PETryNIOETHCS UIS TOTO, 00
TYCEHWYHHI KpaH CTaB CTa0UIBHUM MPH 3MiHI KyTa CTpiu. Pe3ynpTatu moka3yroTh, M0 cTaliabHA
00JIaCTh TIOJIOKEHHSI PYXOMHX NPOTHBAr CYTTE€BO 3MIHIOETHCS B 3aJ€KHOCTI Bia KoOHQIryparmii
KpaHa Ta Macu HOro KOpMCHOTO HaBaHTa)KEHHS.

Ha puc. 2 300paxeHO KpaH i3 pyXOMOI MPOTUBAror, sikuii OyB 3amareHtoBanuii Cohen-
Venezian.

Puc.1 — Kpas i3 pyxoMo10 pOTHBAroxo
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Y poboti [3] ang BAOCKOHAJICHHS 3aXOAiB O€3MeKH BBEACHI ABa 1HIACKCH, TOOTO 1HAEKC
MOMEHTY Ta 1HACKC CHJIH, sIKI KUThKICHO BU3HAYAIOTh TEHJCHIIIIO MEPEeKUAaHHS MOOUIBHMX KpaHiB
Ta BUBYAIOTH HECYUY 3[IaTHICTh BAHOCHOTO MEXaHI3MY.

Ha puc. 2 npencraBieHuii 30BHIIIHINA BHIJISAA MOOUIBHOTO TiAPaBIIYHOTO KpaHa, SIKUN
PO3MIILIEHHI TOPU30HTAIBHO Ha atdopMi. B3sBum miardopmy 3a 6a30BUil piBeHb, NPSMOKYTHI
KoopauHaTH 3 Biccio X, Y - Ta Z BCTAaHOBJIOIOTHCS HAa MEPETHHI 3 MEHTPAIbHOIO BiCCIO OOepTaHHS

[3].

R,.
Puc.2 — MexaHiuHa MO/IeNTb aBTOKpaHa

He Fwa-igm - TpaBiTalliifHa cHWja BEPXHBOI PyXoMoOi IIaTGOpMHU KpaHa; pri - cuia
TSDKIHHSI TUISHKU j TEJIECKONIYHOI CTpLIy; Feq,xa F, sq.y Feq,a - TPU CKJIAJOBl CHJIM PIBHOBAry;
ME“H, ME%,, Meqi - TPY CKJIQIHUKH MOMCHTY DIiBHOBArW; Jtjy, RLP Rjz - Tpu KOMIIOHEHTH

CHIIM peakiii onopu i; Ffy .4 - TpaBiTauilina Bara MiHATOrO BAHTAXY;

VY [4] mocaimKeHo CTIHKICT 0 MepeKuIaHHs MOOUTBHOTO KpaHa 3 ypaxyBaHHSIM KOJIMBaHb
KOPHUCHOTO HaBaHTaxXeHHs. HamiBauHamiuHa monens Oyia po3poOsieHa Uisi pO3IIMPEHHS aHai3y
Ha BpaxyBaHHS NPOCTUX MAHEBPIB PyXy, sIKi BUKIMKAIOTh KOJMBAHHSA KOPUCHOTO HaBaHTAKEHHS Ta
cuny iHepiii. Pe3ynbratv HamiBAMHAMIYHOTO aHAJI3y Y3TO/KYIOTHCA 3 Pe3yibTaTaMH TOBHOTO
JUHAMIYHOTO MOJIEIIOBAHHS MOOUTHHOTO CTPUIOBOTO KpaHa /i HU3bKHX 3HAYCHb KyTa HAXHITY.
ExcnepumeHTH 3 amapatoM 3 OJHUM MAasSTHUKOBHM KpPaHOM MiITBEpIAMIN pe3ynbTatd. OIliHKa
HaMiBAMHAMIYHOI MOZETI HaJla€ KOPUCHUHM 1 MPOCTUH 1HCTPYMEHT JUIsl TOCIIKEHHS CTIHKOCTI J10
TepEKHUIaHHS IBOMAITHUKOBUX MOOUTBHUX CTPUIOBUX KPaHIB 3 KOPUCHUM HaBAaHTAXKEHHSIM.

Takox Ha puc.3. y po6orti [4] mpencTaBieHa MPUHIUIIOBA CXeMa MOOUIBHOTO CTPIIOBOTO
KpaHa, 110 BUKOPUCTOBYETHCS IUISI CTATUYHOTO aHamizy. MoJenb CKIagaeThesl 3 miaTGopMu s
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Bi3KiB 3 IIMHAMH, OOEPTOBOI CTPUIM Ta TPOCIB 3 MacaMM KiHLIEBUX TOUOK. Bi30K BHUKOHAHUH Y

BUIJIAIl TOHKOi IUIACTMHM 1 Mae macy TH, 1 LIEHTp BarM Ha BIACTaHAX ! com | Bopm Bl
reoMeTpudHoTO IeHTpYy. CTpina mMoxke obGepTaTucs Ha KyT [3 HaBKOJIO TOYKH, PO3TAlIOBAaHOI Ha

Biacrani [, mepex reomerpuuHHM LEHTpOM Bi3ka. CTpina BCTAHOBIIOETHCS 3BEPXY O00GEPTOBOI

mwiarpopmu Ha Bigcrani [, mepen uentpom obepranus miarpopmu. Crpina Mae macy i,
NOBXHHY [;, 1 IEHTp MacH, PO3TAlIOBaHHiT HA BinCTaHi gy BiA TOUKH KpimteHHs. CTpima Moxe
OyTH TigHATA 3 JIETKUM PyXOM I KyToM o. YoTupH Kojeca MpUKpIIIieHi 10 aHuma Bizka. Koneca
posnineni I, y mosmoBxHbOMYy HampsMmKy Ta b, y Giunomy Hampsimxy. ITinsicui tpocu Iy i I
MalOTh HE3Ha4YHY Macy MOPIBHSHO 3 KOPHCHHUMHU HAaBAHTAXKECHHSIMU TFly 1 7Fly, IPUKPIMJICHUMU Ha

KiHIII CerMeHTiB Tpocy. KonmBaHHS KOPHMCHOTO HAaBAaHTAKEHHS TOJBIHOTO MasTHHKOBOTO KpaHa
BU3HAYAIOTHCS y TO3JI0BKHBOMY Ta IOINEPEYHOMY HaIpsMKax BiTHOCHO Bizka. Kytu ¢l ta ¢2

ONKUCYIOTh KOJMBAHHS KOPHCHOTO HAaBAHTAXXEHHA Tily Ta 1Fly, BIANOBIAHO Y MNO3J0BKHBOMY
HanpamKy. [loxiOnum ynHOM KyTH 01 1 02 ONUCYIOTh KOJIMBAHHS KOPHMCHOTO HABAHTAXCHHS Hl4 1

T#L; Y MIONEPEYHOMY HANPAMKY JI0 Bi3Ka.
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Puc.3 — [IpunnunoBa cxema MOOUIBHOTO CTPIJIOBOTO KpaHa.

VY crarti [4] moka3zaHi 3aJIEKHOCTI MAKCUMAJIbHO MOMJIMBOTO KOPUCHOTO HaBaHTAKCHHS BiJI
KyTa TOBOpPOTY [3 [UIs pi3HUX 3HAY€Hb KyTa BWIBOTY CTPUIM €, @ TaKOXX MaKCUMallbHI KyTH
MOBOPOTY IS MIJIBICY JUTSl PI3HUX MaKCUMAJIbHUX MIBUIKOCTEH 1 TPUCKOPECHHS.
BinmoBigHO 10 BUHAXOAY [5] MPOMOHYETHhCS CAaMOXITHMNA MIHOMHHUM KpaH 1 BiAMOBIAHMIA CTIOCIO
eKCIUTyaTalii Juisl KpaHiB HEBEITUKOI BaHTaXOIiTHOMHOCTI. Lleit croci® 103BOJIsSIE 3HU3UTH TIOBHY
Bary MpOTHUBArd MOPIiBHSIHO 3 IHITUMHU KpaHAMH TaKO1 K BAaHTAXKOMITHOMHOCTI, POTE MPU IbOMY
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KpaH BCe IIIe € CAaMOX1THUM KpaHoM. BiH MoKe i HIMaTH BaHTaX, IKMHA BIJMOBIIa€ BAaHTAKaM,
110 MiAIAMAIOThCA 1HITUMU KpaHaMH 1 MalOTh MPOTUBAry 31 3HAYHO OUIBIIOI0 MOBHOIO Barolo.
Takox MOXkJIMBa BapiaTUBHICTH 1 MOUIKaIis I[bOT0 BUHaX0Ay. CaMOXiTHUN MITHOMHHUM KpaH
MOKa3aHo Ha puc.4.

Puc. 4 — CamoxigHui MiTHOMHHA KpaH

BucHoBku

BuxonaBmm aHami3 MaTeHTHUX AOCTIPKEHb Ta Tpalb HAyKOBIIIB, SKi PO3B’SI3yIOTh
NMUTaHHS 3a0€3MeYeHHs BAaHTaXHOI CTIMKOCTI BAaHTAXOIMIJHOMHHUX KpaHIB, MOXKHa 3pOOHUTH
BHCHOBOK, IO YJIOCKOHAJICHHSI BaHTAXHOI CTIMKOCTI CTPUIOBOTO CAaMOXIJTHOTO KpaHa He OyIio
JTOCJT1JIPKEHO TTOBHOIO MIPOIO.

BusHaueHo, 10 NEPCHEKTUBOIO MOJAJIBIIOTO BHMBYEHHS NUTaHHS € TOKpALEHHS
KOHCTPYKIIii IPOTHBAru HUIIXOM KOPETyBaHHS 3MiHHU MOJOXKEHHS MPOTUBArd B 3aJIEKHOCTI BiJ
MacH KOPHCHOTO HaBaHTA)XEHHS Ta ypaxyBaHHS 30BHIIIHIX YMHHHUKIB.
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