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V]IK 621. 874

OBIPYHTYBAHHA KOHCTPYKIIi KPAHOBOI'O XOJ0OBOI'O KOJIECA
3 EJIACTUYHOIO BCTABKOIO

J-p texn. Hayk H. M. ®@inpoBcbka, kKanaujaaTtu Texd. Hayk €. /1. Ciaeny:kHikoB,
P. B. [lonomapenko, /1. C. Ko3onoii

JUSTIFICATION OF THE STRUCTURE OF THE CRANE WHEEL WITH ELASTIC
INSERT

D. Sc. (Tech.) N. Fidrovska, PhD (Tech.) E. Slepuzhnikov, PhD (Tech.) R. Ponomarenko,
PhD (Tech.) D. Kozodoi

Anomauia. Y cmammi posenanymo mooepHizosany KOHCMPYKYi0 KpaH08020 X0008020 Ko.Jlecd
3 eNaAcmu4HoOl 8Cmaeskoi. Memorw 00cniodiceHHs € 0OIPYHMYBAHHA DAYIOHANbHOI KOHCMPYKYIL
X0006020 Kojieca HA OCHOBI GU3HAYEHHS OUHAMIYHUX 3YCUNb, AKI SUHUKAIOMb NPU NepecyBamHi
BaAHMANCHO20 8i3KA Ma Mocmy Kpana. OmpumaHo 3a1eHCHOCmi 01 BUSHAYEHHS. OUHAMIYHUX 3VCUTD,
SAKI 8UHUKAIOMb NPU NEPecy8aHHi X0008020 KPAHOB020 KOAeCd 3 YPAXVBAHHAM JHCOPCMKOCHI
NPYHCHO2O KiNbYsl, Ke 8CMABIEHO 8 X0008e Koaeco. 3anponoHO8aHO0 KOHCMPYKYIIO 1 MemooOuKy
PO3PAXYHKY X0008020 KPAHOB020 KOAECA i3 3a8YIKAHIZ308AHUM KITbYEM.

Kntrouoei cnosa: xoneco xooose, eracmuuna 6cmaska, MOCMOBULL KPAH, 8I30K 6AHMAN’CHULL
OUHAMIKA, HABAHMANCEHHS, KOTUBAHHS.

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.  Jlunamiuai  3ycwiis,  SK1
BUHUKAIOTh TPU TIEPEeCyBaHHI BaHTAKHUX

JTUHAMIYHI MOJIeJIl MOCTOBOTO KpaHa. ABTOpH
BU3HAYAIH JIIHIAHI KOJMBAaHHA MOJENI, SKa JIac

BI3KIB BaHTaXXHMX KpPaHIB, MalOTh JIOCTATHHO
BEJIMKI 3HAYEHH 11X HEMOXKHA HEe BPaxOBYBaTH
IIpU TPOEKTYBaHHI KpaHiB. OcoOIMBO BOHU
MPOSIBJISIIOTBCA IT1J] 4ac 3HOCY KOJIIC 1 peHoK i
BUHUKHEHHS [IEPEKOCIB Ha KpaHax, skl MalOTh
3HAYHUU pecypc.

VY 3aranpHOMY BUIJISAI  KOHCTPYKLIL
XOJIOBUX KOJIIC € JIOCTaTHBO >KOPCTKUMHM 1 HE
3/1aTHI COPUMMATH TMOIITOBXHU 1 MEPEKOCH, SIK1
BUHUKAIOTh BHACIII0K BUHUKHEHHS BiIXUJICHb
peiikoBoi  Koyii  Bi ~ PEKOMEHJIOBAaHUX
mapameTpiB, IO MNPHU3BOJAUTH JO TOSBU
1ICTOTHOTO 3HOCY Pebop 1 peroK.

AHaJi3 ocraHHIX [gocaimKeHL i
nyOaikamii. Y pobGori [1] po3mistHYTO

onuc BiOpalii BaHTaXxy 1 TPOJIEIB MiJ Yac pyxy
KpaHa 1 OLIHWIM CHJIM TEepPTS B CHUCTEMI.
OI11iHEHO BIUTMB 3MIHHOCT1 HABAaHTAXEHHS TIPO-
TATOM JIii CHJI OIIOpY NP TIepeCcyBaHH1 KpaHa.

MoxuBICTE MOJEpHI3alli MeXaHI3My
NepecyBaHHs BAHTAXHOTO Bi3Ka MOCTOBOTO
KpaHa MUISIXOM 3aMiHM TPUCTYIIHYaCTOTO
BEPTUKAJIBHOTO IUJIIHAPUYHOTO peAyKTOpa Ha
JBOCTYITIHYACTHH 1 OKPEMO BUHECEHY 3y0UacTy
nepefayy po3riasHyTo B poOoti [2]. Xomose
KOJIeco npu BOMY 6e3nocepeiHbO
BCTaHOBJICHO Ha BaJly KOJIICHOI Mapu Bi3Ka.
ABTOpPH CTBEpKYIOTh, IO TaKa CTPYKTypHA
CXeMa 3MEHIIUTh BTPATH €HEPTii 1 MiIBUIUTH
HaIHHICTD.
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Criocib po3B’si3aHHS 3a7adi ONTUMI3AIIT
MepecyBaHHSI BaHTa)XHOTO Bi3Ka MOCTOBOTO
KpaHa Ha 3aJaHy BiJICTaHb, II0 JAa€ IOBHE
MOJIOJIaHHA ~ HEKEpOBaHMX  MaTeMaTHYHUX
KOJIMBaHb BAaHTAXy Ha KaHaTHOMY IijBici,
3ampoIIoHOBaHO B po0OoTi [3].

Pesynbratn €KCIIEPUMEHTAIIBHUX
JOCTIKEHb MOSBU OOKOBHUX CHUJI Y MOCTOBOMY
KpaHi, fKi 3MIHIOIOTBCI B TMPOLECI pyXYy,
HaBeJieHO B po0oTi [4]. byno BcTaHOBIIGHO, 1110
EKCIIEPUMEHTAIbHI 3HAYCHHS OOKOBUX CHJI
MEHIII, HI’)K BU3HAYCHI TEOPETHUYHO.

OnTuMaNbHUNA XIMIYHME CKJIah cTaiml 1
TEXHOJIOTII0 TEXHIYHOI 0OpOOKH /I XOJAOBHUX
KOJIIC IIAXTHUX BarOHETOK, 0 MA€ TTiIBUIIIATH
3HOCOCTIMKICT  KOJIC, 3ampollOHOBAaHO B
pobori [5].

AHani3 ocTaHHIX MyOIiKaliil Mmokasas,
IO YIS MHiJBUINEHHSA JOBLOBIYHOCTI XOJOBHUX
KOJIC 3aCTOCOBYIOTHCS OLIbII ONTHUMAIbHUIN
MaTepian i TepMmiuHa oOpoOKka, ajie BOHH HE
JIaX0Th 3MOT'HA 3MEHILUTHA JMHAMIYHI
HAaBaHTAXCHHS B MEXaHi3Mi IMigiHoOMy, IO
JOCATAEThCS HOBOIO KOHCTPYKIIIEI0 XOJOBOTO
KoJieca 3 eJJaCTUYHUMHU BCTaBKaMH.

Buznayennssi MeTm Ta 3aBIaHHS
aocaimxenHsi.  JIocmiKeHHST — TPUHITUIIB
(GyHKII0HYBaHHS KPaHOBOTO XO0JIOBOTO KoJjeca
BUKOHYB&JIOCh 3 METOI0 BHOOpPY Ha OCHOBI
MIPOBEICHOr0 aHaJli3y BJIOCKOHAJIIEHOI HOro
KOHCTPYKLIi,  $Ka  J03BOJUTb  CYTTEBO
T IBUILUTH Horo pecypc [6, 7].
VY A0CKOHaANEHHS MOJSTa€e y 3MiHI KOHCTPYKIIIT
XO0JIOBOTO KOJieca IIISXOM JI0JIaBaHHsI TyMOBOT
BCTaBKM, IO, SK HACTIJOK, BIUIMBAE Ha
3HIDKEHHS HampyXeHb Yy KOIlleci, XOJOBIiH
yacTuHi Ta pedopai [8]. Ha kpanoBe xomoBe
KOJecO TiJ| Ji€I0 HABAaHTAXXEHHS BIUTHBAIOTH
craTtiyHi i auHaMivHi cuik [9]. CraTuyHi cuiu
JUISTHCS HA BEPTUKAIBHI 1 ropu3onTanbHi [10].

Cumm BEPTUKAILHOTO CTIpSIMyBaHHS
OOyMOBIIEHI: JUIsI MEXaHi3My IlepecyBaHHs
BaHTAQ)XHOTO Bi3Ka — Barol BaHTaXy 1
BAHTAKHOTO BI3Ka; JUTSt MeXaHi3My

MepecyBaHHsI MOCTOBOTO KpaHa — Baror0 MOCTY
1 Bantaxy [l11]. Cunu TOPU3OHTAIBLHOTO
CHpsSIMyBaHHSI OOyMOBJIEHI CHUJIaMH TEPTS, IO
BUHUKAIOTh MDK pPEHKOI0 Ta  KOJECOM.

JIMHaMi4HI CHJIM TPOSBISIIOTBCS BHACIIIOK
PO3BUTKY MEPEX1THUX MPOIECIB, Y TOMY YHUCII
IpU MepeKocax 1 mepexoii KOJic Yepe3 CTUKU
peiikoBoi kouii [12, 13].

MeToro JOoCHTiJKEHHSI € OOIPYHTYBaHHS
parioHaIbHOT KOHCTPYKIII XOJ0BOro KoJjeca
Ha OCHOBI BUBHAYEHHS JTUHAMIYHHUX 3YCHIIb, SIKi
BUHUKAIOTh TPH TIEPECYBaHHI BaHTaKHOTO
Bi3Ka Ta MOCTY KpaHa.

Ji1st TOCATHEHHST METH OYJIO TIOCTaBJICHO
TaKi 3aBJJaHHS:

— OOIpyHTYBaTH KOHCTPYKIIiFO KPaHOBO-
r'0 XO/IOBOTO KOJIeca 3 €TaCTUYHOIO BCTABKOIO;

— BU3HAUUTH JWHAMIYHI (akTopm mpH
po0OTI MexaHi3My IMepecyBaHHS BaHTa)KHOTO
Bi3ka Ha 0a3i TPUMACOBOi TUHAMIYHOT CUCTEMU

3  ypaxyBaHHSM TPYXHOCTI  €IACTHYHOI
BCTaBKHU.
OcHoBHA YacTHHA  JOCJTiIKEeHHS.

3anpornoHoBaHa KOHCTPYKIIiS € TPUIIAPOBOIO —
7IBa 30BHIINIHUX MIapud 1 OJUH CEPeIHii.
30BHIIIHI  Imapu  3po0jieHi 13  MIIHOTO
Matepiany (1), a cepenHiil map € MPyKHUM
nerkum Matepianom (2). Taka KOHCTPyKIIis Ma€e
HE TUIBKM 3MEHIIEHy Macy, ajieé ¥ BHCOKY
MIIHICTh 1 KOPCTKICTh, IIO OOYMOBJIEHO
HacaMIiepe]] 3HAYC€HHSIM OUIBIIIOTO MOMEHTY
iHepuii Beiel cTinku (puc. 1).

-.

Puc. 1. KoHCTpyKI11ist KpaHOBOTO X0JJOBOTO
KoJseca
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SKI0 TOPIBHATH IF0 KOHCTPYKINIO 3
KJIACHYHOKO OJHOMIAPOBOIO, TO 30UIBIICHHS
MOMEHTY 1HEpIii MOXe csAraThu 0araThbox
JIECATKIB pasiB.

3a yMOBH BpaxyBaHHs THYYKOT'O MiJBICY
BaHTaXy OTPUMYEMO TPHUMACOBY CHUCTEMY

(puc. 2).

m;

F, A A A F,

Cz -

W

Puc. 2. TpumacoBa cucrema:
M1 — Maca 4acTuH, AKi 06epTaroThCs (Maca poTopa ABUTYHA, MOTOPHOI My(TH, TaIbMiBHOTO
IIKiBa Ta 1H.); M2 — 3BEJICHA Maca MOCTYMAILHO-PYXOMHUX YaCTHH; M3 — Maca BaHTaXKY;
C1— KOedIII€HT )KOPCTKOCTI TUXOXITHOTO TpaHCMiciiiHOTro Baja, C1 — dKOPCTKICTh 1HIIIOTO

MIPYXKHOTO 3B'SI3KY

MexaHi3M MpuBoJa MepecyBaHHs BaHTAX-
HOTO Bi3Ka PO3TAIIOBAaHUN y MDKKOJIIHHOMY
npoctopi. OO0epTOoBHII MOMEHT Ha TATOBI
KoJleca TepelaeThcsl 3a JAONOMOIOI TpaHC-
MmiciiiHoro Banma. B mpomeci jmokiagHOrO
JOCIIJDKEHHST JUHAMIKM MeXaHI3My TMepecy-
BaHHS BUKOPHUCTOBYEMO PO3PaxXyHKOBY CXEMY,
sKa CKJIAZIAE€THCS 3 TPHOX Mac 1 ABOX MPYKHUX
3B’s3kiB. [IpuBojsum BCi mapamerpu 10
XOJI0BOT YaCTHHH Bi3Ka 1 BAaHTaXy, OTPUMYEMO
CXeMy HOCTYyNalbHOTO pyxy (puc. 2), e M1 —
Maca YacTHH, 110 00epTalThes (Maca poTopa
JIBUTYHA, MOTOPHOT My(TH, TaJIbMIBHOTO IIKiBa
Ta 1H.), M2 — 3BEJEHa Maca MOCTYNaJbHO-
PYXOMHX YacTHMH, m3 — Maca BaHTaxy, Ci —
Koe(ilieHT JKOPCTKOCTI THUXOXI1JTHOT'O
TpaHcMiciiiHoro Bama, Cz —  JKOPCTKICTb
JPYToro MPY>KHOTO 3B’SA3KY.

Po3B’s13yemo oTpumany cucremy:

m% =P-W-C,(x—X,)
m25('2 :Cl(Xl—Xz)—CZ(XZ—XS) (1)

Mm%, =C, (X, —X;)

[licns  posw’s3anHst  cucremu (1)
OTpUMaeMO AudepeHIliaabHe PIBHSIHHS:

X+aX +tax =a, ()
ne

aizﬂ &chlJrc2 +m1(C1+C2)

2\m m, 2m,

C,(2¢, , 2C,+C,

2 )
2\ m m,

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

Po3p’a30k piBHSHHA (2) 3HAXOIUMO Yy
BUTJISAI:

X, = A sinkt+ A, cosk,t+ A sink;t + A, cosk,t + X, , (3)
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a, a a1
e Xinast :a_z’ k1,2,3,4 == 2 * 4 -4,
Koeditientn A1, A2 BuU3HAYaeMo, 3naxoaumo koedimientu: 43=A44=0.
BHUKOPHUCTOBYIOYH MIOYATKOBI YMOBH: ) )
A - ak, A - a,K;
% (0)=0,%(0)=0, a, (kf —k7)’ K2 -k
X(0)=0,x,(0)=0.
%(0) XZ( ) [Ticns uporo piBasiHES (3) HaOyBae
BHTIJISITY:
3, 1 2 2
=—11-———(k;coskt—k cosk,t) |, 4

PiBHsAHHS pyXy AJisl APYTOi 1 TPETHOI Mac OYAyTh CKIIAJIaTH:

a, 1 mk; mk’ P-W
=201+ ———| k2| 2L —1|coskt—k/ ~1 |cosk,t |+ —

2 1,2
a, ky —k; 1

2 2
X3 :% 1_% 1+& rnl_kl
a, kz _kl Cz Cl

+ k' | mok; [ mk; +1 |- 1+&
kzz_kiz Cl Cz Cz

1 1

2 2
-1 _km, ml—kl—l +& coskt+
C2 Cl C2

2 p—
mk, 11, G cos K,t — 1+ |PW L (6)
Cl CZ C2 Cl

3ycuiuis B IPYKHHUX 3B’ A3Kax 3HaXOAMMO 3 BUpa3y:

el

[IpoBeaemMo po3paxyHOK AJii MOCTOBOTO
KpaHa BaHTXOMIAMOMHICTIO 5 T NPOroOHOM
22,5 M, BHUCOTOIO HigiioMy 8 M, pPEXKHUMOM
pobotu 7K. Pe3ynbTati po3paxyHKIiB MOJaHO
Ha puc. 3-6, ne psan 2, 4, 6, 8 Bignosimae
CTaHAAPTHOMY (IITATHOMY) XOJOBOMY KOJIECY,
psna 3, 5, 7, 9 BiAMOBiIae€ KOHCTPYKIIIT KoJieca 3
MPYXHUM K1JbIEM.

Y pe3ynpTaTi poO3paxyHKIB OTPUMYEMO
3Ha4YCHHS KoeQilieHTa JIUHAMIYHOCTI ISt
CTaHAAPTHOTO  XOJIOBOTO  KoJjieca,  SIKHil

ak’k;

—k )(

cosk,t —cosk,t) . )

nopiBHioe 1,65, 1 Is1 TpUIIApOBOro KoJeca 3
MIPY>HOIO BCTAaBKOIO, SIKUM J0piBHIOE 1,1.

Sk Oaummo, TpU 3aCTOCYBaHHI Ha
BAHTAKHOMY BI3KY XOJIOBHUX KOJIIC
3alpONOHOBAHOT ~ KOHCTPYKII  HIBUJAKICTb
KOJINBaHb BAaHTA)XXy 3MEHIIIYeThCs B 4,8 pa3y, a
npuckopeHHss — B 6,0 paszy. Takox Taka
KOHCTPYKITISE KOJIC Ja€ 3MOTy 3HH3UTH
HIBUJIKICTh KOJIMBAaHb METAJIOKOHCTPYKIIH Yy
1,2 pa3y, a npuckopenHs — B 1,43 pa3y.
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H
9500

9000 -

— P2
8000 e PAAS

7500

?Om rrrrrrrrrrrrmrrrrmrr7 r7T 117 1 11T
1357 95111315171921233527 t.¢

Puc. 3. I'padiku cun Fy

t.c

Puc. 4. I'padik konmuBanHs X1

t.c

Puc. 5. I'padix xonmuBanus X2
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MM

300

20,0

10,0 i

R B w— DAL §
0 6 2 132092 24 0628

-10,0

-20.0

-30.0

t.c
Puc. 6. I'padik xonuBanHs X3
TakuM 4YHHOM, OTpPHMaHI PIIICHHS XOJIOBOTO KOJIECa, SIKA CKIIAIAEThCS 3 IEKUTBKOX
TPUMACOBO1 CUCTEMH JI03BOJISIIOTh BU3HAYATH 3 IapiB.
JIOCTaTHBOIO TOYHICTIO TUHAMIYHI IMapaMeTpu Busnayeno muHamiuHi (akTopu IpH
HAaBaHTa)XeHb, fKI BUHHUKAIOTH TiJ 4ac po0OTI MexaHI3My IepecyBaHHS BaHTaXHOTO
MepPEeCyBaHHS XOJI0BUX KOJIIC BAHTAKHHUX BI3KIB Bi3Kka Ha 0a31 TPUMACOBOI JMHAMIYHOI CHCTEMU
KpaHiB MocTOBOro tumy. OTpumaHi po3pa- 3  ypaxyBaHHAM NPYXHOCTI  €IacTHYHOI
XYHKH JOBENH, II0 3aCTOCYBaHHS XOJOBOTO BcTtaBki. OTpuMaHO 3HaYeHHs KoedilieHTta
KoJieca 13 3aBYJIKaHI30BaHUM KUIbLIEM 3HAYHO JTUHAMIYHOCTI TUISt TAaTHOTO Ta
3MEHIIy€ AMHAMIYHI HAaBaHTaKEHHS. BJIOCKOHaJIeHOro  kojic. Jlas  mratHOro
BucnoBku. IlpoBeneHo oOrpyHTyBaHHS XOJIOBOTO  KoJieca 3Ha4yeHHS KoedilieHTa

MOJICpPHI30BAaHOi ~ KOHCTPYKLIi  KPaHOBOI'O OUHAMIYHOCTI cknano 1,65, ans XomoBoro
XOJIOBOTO KOJieCa 3 €JaCTUYHOK BCTABKOIO. KojJeca 3 TMpPYXKHOI BCTaBKOIO KOE(Iilll€HT
3anponoHOBaHO  KOHCTPYKIIIO  KPaHOBOIO TUHAMIYHOCTI ckianae 1,1.
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