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Anomauia. Y cmammi po3ensinymo mMoOepHiz08amy KOHCMPYKYIIo KPAH08020 X0008020 Koieca
3 enacmuyHor 6cmaegkorw. Memorw 00cniodiceHHsi € 0OTPYHMYBAHHA pPAYIOHANbHOI KOHCMPYKYIT
X0006020 KOleca HA OCHOBI BUBHAYEHHA OUHAMIYHUX 3YCUNb, AKI BUHUKAIOMb NPU NepecyBaHHi
8AHMAIICHO20 8i3KA Ma Mocmy Kpana. OmpumaHo 3anexicHocmi 0Ji 8UHAYEeHH OUHAMIYHUX 3VCUTD,
AKI BUHUKAIOMb NPU NEePecyBaHHi X0008020 KPAHOBO20 KONECA 3 YPAXYBAHHAM JHCOPCMKOCMI
NPYIHCHO20 KiNbYs, AKe 6CMABLEHO 6 X0008€ KOAeco. 3anponoHO8AHO KOHCMPYKYIO | MemoOUKy
PO3PAXYHKY X0008020 KPAHOB020 KOAECA i3 3A8YIKAHI308AHUM KITbYeM.

Knwuoei cnosa: xoneco xooose, eracmuuna 6cmaska, MOCMOBUU KPaH, GI30K 8AHMANCHUL,
OUHAMIKA, HABAHMAIICEHHS, KOIUBAHHS.

Abstract. The article considers the modernized design of the crane running wheel with an
elastic insert.The purpose of the study is to substantiate the rational design of the running wheel on
the basis of determining the dynamic forces that occur when moving the truck and the crane bridge.

Crane equipment is of great importance for the mechanization of lifting and transport
operations in various industries. Bridge cranes perform various lifting and transport operations.
Installation and dismantling of equipment and machines. Also take part in the technological process
of the metallurgical industry.

The costs associated with the replacement and restoration of the running wheels are 15-17%
of the cost of repairing the entire crane. At the same time more than 90% of crane wheels fail due to
wear of flanges.

The main tasks for the diagnosis of crane wheels and rail tracks are usually solved during
scheduled maintenance by visual inspection of the wheel and rail and identify their wear. But this
diagnostic tool does not quite satisfy the modern conditions of the cranes, namely, the compatible
condition of the wheels and rails is not assessed, and it is impossible to carry out such control
constantly during operation.

Mechanisms for moving bridge cranes have several designs. The mechanism for moving the
truck, as a rule, has one drive, which transmits motion to the two drive wheels. The mechanisms of
movement of the crane can be with the central and separate drive. The mechanisms of movement with
the central drive can be with a low-speed transmission shaft, with a high-speed transmission shaft
and with a medium-speed transmission shaft.
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With this design, the gearbox shafts are connected to the drive wheel shaft by means of a clutch
and a transmission shaft. This impairs the operation of the entire mechanism, because the presence
of the transmission shaft increases the complexity of the manufacture of the crane and its weight and
requires a very precise installation.

To overcome these shortcomings, a separate drive of the end beams of the bridge is used.

If the load on one of the support beams of the bridge is less than on the other, the engine speed
on this support increases and the support begins to run forward relative to the more loaded support.
But the first engine begins to receive increased load, which is transmitted through the metal structure
of the bridge and unloads the engine of the second support, due to which the speed of the first engine
decreases and the speed of the second engine increases until they are equalized.

Thus, in the process of moving the crane with a separate drive is the redistribution of load
between the two engines. Although the scheme of the mechanism with separate drives requires two
engines, two brakes and two gearboxes, it is the cheapest, light weight and easy to manufacture.

The design of running wheels of cranes and crane carts should exclude a possibility of
derailment of wheels. To do this, the running wheels have two side flanges - flanges, which serve to
guide the running wheels on the rails.

The dynamic forces that arise when moving the trucks of cranes are quite large and cannot be
ignored when designing cranes. Most of all, they are manifested by wear of wheels and rails during
the occurrence of distortions on the cranes.

Thus, improving the performance and operational reliability of crane running wheels is a very
important task of modern crane construction.

The research technique is based on analytical methods of research of dynamic efforts in the
mechanism of movement of the truck of the bridge crane. The decision of three mass dynamic schemes
of movement of the cargo cart is received.

The analysis of the received decisions showed that at application of a running wheel with an
elastic insert, dynamic factors at movement of the truck decreases. Dependences for determination of
dynamic forces which arise at movement of a running crane wheel taking into account rigidity of an
elastic ring which is inserted into a running wheel are received. The design and a technique of
calculation of a running crane wheel with the vulcanized ring are offered.

Keywords: running wheel, elastic insert, overhead crane, trolley, dynamics, load, oscillations.

Beryn.  JluHamiuHi  3ycwiuis,  AKi
BUHUKAIOTh TPH TEPECyBaHHI BaHTAKHUX

JUHAMIYHI MOJIENi MOCTOBOTO KpaHa. ABTOpHU
BU3HAYaJIH JIIHIHAHI KOJIUBaHHS MO, SIKa 1a€

BI3KiB BAHTQ)XHHUX KpaHiB, MalOTh JIOCTaTHbO
BEJIMKI 3HAUEHHS 11X HEMOYKHA HE BPaXxOBYBaTH
IpU TpOeKTyBaHHI KpaHiB. OcoOIMBO BOHU
MPOSBIISAIOTHCS i/l Yac 3HOCY KOJIC 1 peioK 1
BUHUKHEHHS MEPEKOCIB Ha KpaHax, sIKi MalOTh
3HAYHUU pecypc.

VY 3araJibHOMY BHIVIAI KOHCTPYKIIi
XOJIOBHX KOJIIC € JJOCTaTHBO KOPCTKUMH 1 HE
3/1aTHI CIIpUMMATH TOIITOBXH 1 MEPEKOCH, SKi
BUHUKAIOTh BHACIIIOK BUHUKHEHHS BiXUJICHD
peiikoBoi  komii  BiX PEKOMEHIOBAaHUX
nmapameTpiB, IO MPHU3BOJUTH 1O TIOSBU
ICTOTHOTO 3HOCY pebop 1 peioK.

AHaJi3  oCTaHHIX  Jociail:KeHb i
nyoJikaniii. Y pob6ori [1] posrisHyTO

omnuc BiOparii BaHTaXy 1 TPOJIEIB MiJ 4ac pyxy
KpaHa 1 OLIHWIM CHUJIM TEPTd B CHCTEMI.
O1iHEeHO BIJIMB 3MIHHOCTI HABaHTAXXEHHS IPO-
TATOM 11 CHJI OTIOPY IPU NEepecyBaHH1 KpaHa.

MoXxIIHBICTh MOJIEpHi3allii MeXaHi3My
MepecyBaHHsI BaHTAXHOTO Bi3Ka MOCTOBOTO
KpaHa IUIIXOM 3aMiHM TPUCTYMIHYACTOTO
BEPTUKAIHHOTO IUJIIHAPHIHOTO PEeAyKTOpa Ha
JBOCTYIIHYACTUHN 1 OKpEMO BUHECEHY 3y0dacTy
nepenavdy pos3riisHyTo B poboti [2]. Xomose
KOJIECO npu [bOMY 6e3nocepeHbO
BCTAHOBJICHO Ha Bally KOJICHOI Mapu Bi3Ka.
ABTOpPH CTBEpIKYIOTh, III0 TaKa CTPYKTypHa
CXeMa 3MEHIIUTh BTPATH €HEPrii 1 MiIBUILUTH
HaIIHICTG.

36ipHux HaykoBux npaub YKpAY3T, 2020, Bun. 193



30ipHUK HAYKOBHUX Npanb Y KPaiHCHKOI0 AeP:KAaBHOI0 YHIBEPCUTETY 3aJi3HUYHOI0 TPAHCIIOPTY

Crnioci0® po3B’si3aHHS 3aja4i onTUMI3aIli
MepecyBaHHsl BaHTAXHOTO Bi3Ka MOCTOBOTO
KpaHa Ha 3aJlaHy BiJICTaHb, IO Ja€ TOBHE
MOJIOJIAHHS ~ HEKEPOBAaHUX  MaTEMaTUYHHX
KOJIMBaHb BaHTa)Xy Ha KaHATHOMY IMiJABICI,
3aMporoHOBaHO B PoOoOTI [3].

PesynbraTu EKCIICPUMEHTATbHUX
JOCIIKEHB MOSIBH OOKOBHUX CHJI Y MOCTOBOMY
KpaHi, SKi 3MIHIOIOTBCSI B TPOIECI PyXy,
HaBeJICHO B po0OoTi [4]. Bylio BCTaHOBIEHO, 1110
eKCTICpUMCHTAIbHI 3HA4YEeHHST OOKOBHX CHII
MEHIII, HI’)K BU3HAYCHI TEOPETUIHO.

OnTuManpHUi XIMIYHME CKIIa[ cTaiml 1
TEXHOJIOTII0 TEXHIYHOI 0OPOOKHM Il XOZOBUX
KOJIiC MIAXTHUX BarOHETOK, 1110 MA€ MiIBUIUTH
3HOCOCTIMKICTh ~ KOJIIC, 3ampOINOHOBAaHO B
pobori [5].

Amnainiz ocraHHiX myOmikamii TOKa3as,
IO JUIS MiJBUILEHHS AOBIOBIYHOCTI XOOOBHUX
KOJIIC 3aCTOCOBYIOTHCSI OLIBII ONTHMAIBLHUN
Marepian 1 TepmiuyHa oOpoOka, ajle BOHU HE
JAI0Th 3MOTM  3MCHIIUTH  JUHAMIdHI
HABAaHTA)XCHHS B MEXaHI3Mi MigiioMy, IO
JOCATAETHCS HOBOIO KOHCTPYKIIEID XOIOBOTO
KoJieca 3 eTaCTHYHUMU BCTaBKaMHU.

BuzHauenHss MeTm Ta 3aBIaHHS
pocaitzkenHsi.  JlocmipKeHHS — TPUHIUIIB
(GYHKIIOHYBaHHSI KPAaHOBOT'O XOJ0BOI'0 KoJjeca
BUKOHYBAJIOCh 3 METOI0 BHOOpPY Ha OCHOBI
MIPOBEJICHOTO aHai3y BJIOCKOHAJIECHOI HOTO
KOHCTPYKILi, SKa  JO03BOJUTh  CYTTEBO
1 ABUIITUTH foro pecypce [6, 7].
VY 10CKOHANEHHS MOJArae y 3MiHI KOHCTPYKIIT
XOJIOBOT'O KOJieca IIITXOM JI0JIaBaHHS T'yMOBOT
BCTaBKH, 110, SK HACHIJOK, BIUIMBAaE Ha
3HWJKEHHS Halpy>XeHb Yy KOJIeCl, XOJOBIH
gacTuHi Ta pebopnai [8]. Ha xpaHoBe xomoBe
KOJIECO IIJ JI€I0 HAaBAHTAXXEHHS BILUIMBAOTH
cratuyHi i auHamiudi cwd [9]. Cratuyni cunm
JUISTHCS HA BEPTHKAIBHI 1 ropu3onTanbHi [10].

Cunum BEPTUKAIBLHOTO CHpSMYyBaHHS
oOyMOBIIEHI: il MeXaHI3My IepecyBaHHS
BaHTAQXXHOIO Bi3Ka — Barol BaHTaxXy 1
BaHTA)KHOT'O Bi3Ka, JUIst MeXaHi3My

NepeCcyBaHHs MOCTOBOI'O KpaHa — Barol MOCTY
i Bantaxy [l11]. Cuam TOpPHU30HTAIBHOTO
CHpsIMyBaHHSI OOYMOBJIEHI CHUJIaMH TEpPTSl, 110
BUHUKAIOTh MDK pEHKOI0 Ta  KOJECOM.

JluHaMiuHI CHJIM TIPOSIBIISIOTBCS BHACIIIOK
PO3BHUTKY MEPEXiTHUX MPOLECIB, y TOMY YUCII
MPU TIEpEeKocax 1 Mepexo/1l KOJIC 4yepe3 CTUKH
peiikoBoi kouii [12, 13].

Mertoro JOCHIIKEHHS € OOTpYHTYBaHHS
parioHanpHOI KOHCTPYKIli XOJOBOTO Kojeca
Ha OCHOB1 BUBHAYEHHS JUHAMIUYHUX 3YCHIIb, K1
BUHUKAIOTh IPU [EPEeCyBaHHI BaHTAXKHOTO
Bi3Ka Ta MOCTY KpaHa.

JJiss TOCSTHEHHS MeTH OYJIO MOCTAaBJICHO
TaKi 3aBJaHHI:

— OOTpyHTYBaTH KOHCTPYKIIIIO KPaHOBO-
T'0 XOJIOBOTO KoJIeca 3 €JIaCTUYHOI0 BCTABKOIO;

— BU3HAYUTH JHHAMIYHI (AKTOPH TIPH
po0OTI MexaHI3My MepecyBaHHS BaHTAKHOTO
Bi3Ka Ha 06a31 TPIMACOBOI IMHAMIYHOI CHCTEMHU

3 ypaxyBaHHSM TMPYXHOCTI  €JIACTUYHOI
BCTAaBKU.
OcHOBHA 4YaCTHHA  JOCJiI:KeHHS.

3anpornoHoBaHa KOHCTPYKIIIS € TPUIIAPOBOIO —
JBa 3OBHINIHUX IIapu 1 OJHMH CEPEIHIMN.
30BHIHI ~ mapu  3po0JieHi i3  MIIHOTO
Matepiany (1), a cepeaniil map € mpyXKHUM
nerkuM Matepianom (2). Taka KOHCTPYKIIist Ma€e
HE TUIBKM 3MEHIIEHYy Macy, aje N BHCOKY
MILHICTh 1 JKOPCTKICTh, 10 OOYMOBIIEHO
HacaMmIiepe]] 3HaueHHSIM OUIBIIOTO0 MOMEHTY
iHepiii Beiel cTinku (puc. 1).

-.

Puc. 1. KoHCTpyKIIisS KpaHOBOT'O XOZJ0BOT'O
KoJeca
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SKIIO TOPIBHATH IO KOHCTPYKIIIO 3
KJIIACUYHOIO OJHOIIAPOBOIO, TO 30UIBIICHHS
MOMEHTY 1HepIii MOXKe csraTh Oararbox
JIECSTKIB pa3iB.

3a yMOBU BpaxyBaHHsI THYYKOTO MiJBICY
BAaHTaXy OTPUMYEMO TpPHUMACOBY CHCTEMY

(puc. 2).

m;

F, A A A F,

Cz -

W

Puc. 2. TpumacoBa cucrema:
M1 — Maca 9acTHH, sIKi 00epTalThes (Maca poTopa IBUTYHA, MOTOPHOI My(TH, TaTbMiBHOTO
IIKiBa Ta 1H.); M2 — 3BeJleHa Maca MOCTYNAJIbHO-PYXOMHUX YAaCTHH; M3 — Maca BaHTAXY;
C1— xoedimieHT KOPCTKOCTI TUXOXITHOTO TpaHCMiciitHoro Bana; C1 — )KOPCTKICTh 1HIIOTO

IPY>KHOTO 3B'SI3KY

MexaHi3M MpHUBO/Ia IEPECYBAHHS BaHTAX-
HOTO Bi3Ka PO3TAIOBAaHHHA Y MIKKOJIIHOMY
mpoctopi. OOepTOBHII MOMEHT Ha TSATOBI
KoJeca IepelaeTbcs 3a JOMOMOIOI TpaHC-
MiciiiHoro Bama. B mporeci 10KiIagHOTO
JOCTI/DKEHHST TMHAMIKM MEXaHI3My Iepecy-
BaHHS BUKOPHUCTOBYEMO PO3PaXyHKOBY CXEMY,
SKa CKIIAJA€ThCS 3 TPHOX MacC 1 IBOX MPYKHUX
3B’s3kiB. [IpuBojsium BCi mapameTpu 10
X0JIOBOT YaCTHHU Bi3Ka 1 BAHTAXY, OTPUMYEMO
CXeMy MOCTyHaJIbHOTO pyXy (pHC. 2), 1€ my —
Maca 4acTHH, 0 o0epTaroThes (Maca poropa
JBUTYHA, MOTOPHOI My(TH, FaJIbMiBHOTO IIIKiBa
Ta iH.), M2 — 3BeJeHa Maca TMOCTYyMalbHO-
PYXOMHX YacTHH, m3 — Mmaca BaHTaxy, Ci —
KoeirieHT KOPCTKOCTI TUXOX1THOT'O
TpaHcMiciitHoro Bama, Cz —  JKOPCTKICTh
JPYTroro Npy»HOTO 3B’S3KY.

Po3B’s13yeM0 OTpUMaHy CUCTEMY:

m% =P-W -C,(x,—X,)

mzxz :C1(X1_X2)_C2(X2 _Xs) (1)
Mm%, =C, (X, —X;)

[Tlicnas  po3s’szanHs  cuctemu (1)
oTpuMaeMo audepeHiiatbHe PiBHIHHS:

XtaX +a,% =3, ()
IS

m &+C1+C2 +m1(C1+C2)
2\m m, 2m,

C,(26, , 2C,+C,

2 )
2\ m m,

_P-W(C+C, C
2 m, m,

Po3B’s30k piBHAHHA (2) 3HAXOOUMO Y
BHTJISIIL:

X, = A sinkt+ A, cosk,t + A;sink,t + A, cosk,t + X, | (3)
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ae Xihast

Koedirientn A1, A2 BuU3HAYaeMo,
BUKOPHCTOBYIOUYH IIOYATKOBI YMOBH:

x (0)=0,%(0)=0,
%,(0)=0,%,(0)=0.

2 1

d, a a;
=% k., == ——_‘/——a
aza 1,2,3,4 \/ 2 4 2 -

3uaxoaumo koedimientn: 43=A4=0.
_ aky _ Ak
A az(kzz_klz), & kzz_klzl

[Tlicns uporo piBHsHHA (3) HaOyBae
BUTJISITY:

——— (K cosk,t —kf cos kzt)} , (4)

PiBHAHHS pyXy JUId APYTOi 1 TPEThOI Mac OyayTh CKJIQAATH!

2 2
a, ky —k; 1

2
x, =8 1t k? MKy cosk,t —k? mK
C C

% .\ mk?
o= _kz—zkz{(“c_lj(%_
az 2 1 2 1

2 2 2
e e
2 1 1 2 2

2
1

-W

_1]cos kot |t — P (5)

1 1

2 2
1 _km, m—1 +& cosk;t+
CZ Cl C2

2 —
ml—kz—l]+&}cos K.t —[1+&JM} . (6)
C, C, C,) G

3ycuiuid B IPYKHUX 3B’ 3Kax 3HaXOAMMO 3 BUpa3y:

2
1

akk
F=p-—172
C a (k-

[TpoBeeMo po3paxyHOK ISl MOCTOBOTO
KpaHa BaHTAXOMIJIHOMHICTIO 5 T MPOroHOM
22,5 M, BHCOTOIO MigiioMy 8 M, pPEKHUMOM
po6otu 7K. PesynbraTH po3paxyHKIB IOJaHO
Ha puc. 3-6, ne psax 2, 4, 6, 8 Bignosimae
CTaHJapTHOMY (IITATHOMY) XOZ0BOMY KOJIECY,
psan 3,5, 7, 9 BinnmoBizae KOHCTPYKIIiT Kojeca 3
NPY>KHUM KiTbLIEM.

VY pesynbTaTi poO3paxyHKIB OTPUMYEMO
3HAUeHHS KOe(illieHTa TUHAMIYHOCTI s
CTaHJAPTHOTO  XOJOBOrO  Kojeca,  SKUH

k)(

cosk;t —cosk,t). )

nopiBHIOE 1,65, 1 11 TpUIapoBOro Kojeca 3
MPY>KHOIO BCTABKOIO, sIKUI TopiBHIOE 1,1.

Sk Oaunmo, MpH 3acTOCyBaHHI Ha
BaHTAXXHOMY BI3KY XOJJOBHX KoJIiC
3alpoNOHOBAHOI  KOHCTPYKLII  MIBUAKICTH
KOJIMBaHb BaHTa)XXy 3MEHIIyeTbes B 4,8 pasy, a
npuckopeHHss — B 6,0 pasy. Takox Taka
KOHCTPYKIiS KOJIC Ja€ 3MOTy 3HHU3UTH
HIBUAKICTH KOJHMBAaHb METaJOKOHCTPYKIHN Yy
1,2 pa3y, a npuckopeHHs — B 1,43 pa3y.
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Puc. 6. I'padik konuBauHS X3
TakuM YMHOM, OTpHMaHi PIIICHHS X0JIOBOT'O KOJIeCa, sIKa CKIIAJAEThCS 3 JCKUTBKOX
TPUMACOBOT CHCTEMH JIO03BOJISIIOTh BU3HAYATH 3 IapiB.
JIOCTaTHHOKO TOYHICTIO JIMHAMIYHI IapaMeTpu Busnaueno pauHamivyHi (akTopu TNpH
HAaBaHTA)XCHb, sKI BUHHWKAIOTH TiJ Yac po0OTI MexaHI3My IMepeCyBaHHS BaHTAKHOTO
MepecyBaHHs XOJI0BUX KOJIIC BAaHTAKHUX BI3KIB Bi3ka Ha 0a3i TpPUMAaCcOBOi JUHAMIYHOT CUCTEMHU
KpaHiB MoOCTOBOro tumy. OTpuMaHi po3pa- 3 ypaxyBaHHSM TMPYXHOCTI  €JIACTUYHOI
XYHKH JIOBEJIM, IO 3aCTOCYBaHHS XOJOBOTO BcraBku. OTpuMaHO 3HaYeHHs KoedimieHTa
KoJeca 13 3aBYJIKaHI30BaHUM KiJIbLIEM 3HAYHO JTUHAMIYHOCTI TUISt HITaTHOTO Ta
3MEHIITy€e JUHAMIYH1 HAaBaHTaXXEHHS. BJIOCKOHAJEHOTO  Kojic. Jlma  mraTtHOTO
BucnoBku. [IpoBeneHo oOrpyHTyBaHHS XOJIOBOTO  KoJieca 3HaueHHs KoedirmieHTa

MOJIEPHI30BaHOI ~ KOHCTPYKIli  KPaHOBOTO OUHAMIYHOCTI ckjano 1,65, ang XomoBoro
XOJIOBOTO KOJjieca 3 €JaCTUYHOK BCTaBKOIO. KojJeca 3 TMPYKHOI BCTaBKOIO Koe(illieHT
3anporoHOBAaHO  KOHCTPYKIKO  KPaHOBOTO TUHAMIYHOCTI ckiagae 1,1.
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