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Annomauus

IMocTranoBKa 3ana4m (AKTYaJbHOCTH PA0OThI): B CTAThe BHITIONHEH aHAU3 JABMKEHUS 3-MacCOBOW CUCTEMBI MEXaHU3MOB
MOCTOBBIX KpaHOB. AKyTaJbHOCTb paOOTHI 3aKII0YaeTCs B HCIOJIB30BaHMM ypaBHeHMH Jlarpamxa Il poma mis omucanus
JIBIDKEHHSL CHCTEMBI. [IaHHBIA TIOAXO]T TIO3BOJIIET MCCIICIOBATh JUHAMHYCCKHE CBOWCTBA KPAHOBBIX MEXAaHHW3MOB, TaK Kak
HMMEHHO JJMHAMHUYECKUE HArpy3KH SBISFOTCS B OOJBIICH CTETICHN PUYWHON BRIXO/Ia U3 CTPOst 00opyHoBaHms kKpaHoB. Lleab
PpaboThI: TIOITy4YeHNEe ypaBHEHHUH IBIKECHHUS MEXaHM3MOB MOCTOBOTO KpaHa IS HCIOJB30BAHMS MX TPH IMIOCTPOCHUH MaTe-
MaTHYECKUX W KOMITBIOTEPHBIX MOJENEH KPaHOBBIX 3JIEKTPONpHBOIoB. McnoJib3yeMble MeTOABI: TIPUMEHSIICS METOT aHa-
n3a 00beKTa (MOCTOBOTO KpaHa) IyTeM CHHTE3a €r0 OTICIbHBIX MEXaHU3MOB B SAUHYIO 3-MaCCOBYIO CUCTEMY JIJISI TIOJTyde-
HUSI 3aBUCHMOCTEH CKOPOCTEH U YCKOPEHUIA OT JApYrux (HU3HYECKHX U TEXHOJOTMYeCKUX mapamerpoB. HoBm3Ha: cuctema
MEXaHU3MOB MOCTOBOTO KpaHa pacCMaTpUBAETCsl HE OTAEIbHBIMU JIEMEHTaMU, a KaK B3aUMOCBSI3aHHAs CHCTEMa, B KOTOPOH
paboTa 0THOTO 00BEKTa OKA3bIBACT BIMSHUE HAa PA0OTY APYyruxX 0OBEKTOB cUCTeMBI. Mcronb3oBanbl ypaBHeHus Jlarpamka Il
oA ISt OTIMCAHUS JBYKEHHS] CUCTEMBI 0€3 KaKUX-JTH00 YIPOIIEHHH, YTO YKa3bIBaeT Ha O0Jiee TOYHOE OITUCAaHUE TIPOIIECCOB
paboTsl kpaHa. Pe3yJibTaT: B cTaThe OmnpeeeHbl 0000MIEHHbIC KOOPAMHATE MEXaHU30B T0IbeMa, IEPEMEIIICHUS TPY30BOM
TeNeXXKH 1 MocTa. OnpesieneHa KHHeTHUECKast SHEPT sl MEXaHMIECKOW CHCTEMBI Y HAJIEHbI 00OOIICHHBIE CHITBI, ICHCTBY-
OIIKe Ha KaXplii MexaHm3M. CoctapieHs! ypaBHeHus Jlarpamxa 11 poma mo kaxmoit 0000mieHHo kKoopauHaTe. BbiBeneHb
YpaBHCHUS JABIKCHHUS KaXKIOTO SJIEMEHTAa CHCTEMBI, OTPAYKAIOIIe B3aUMHBIC CBS3M MeXTy HUMH. [lpakTHyeckas 3HAYN-
MOCTB: YKa3aHBI BO3MOXXHOCTH IIPAMEHEHHS TAHHBIX YPaBHEHHS B JaJbHEHIINX MCCIISIOBAHUSIX CHCTEM MOCTOBBIX KPAaHOB.
Ha ocHOBe mosyueHHBIX ypaBHEHMH MOKHO CTPOUTH TOYHBIE MAaTEMaTHYECKUE W KOMITBIOTEPHBIE MOJENHU ISl U3yUECHUs
JIBIOKEHHSI MEXaHU3MOB MOCTOBBIX KPaHOB.

Knrwouessle cnosa: moctoBoii kpaH, ypaBHenue Jlarpamwka Il poma, o6o0mmeHHas KoopauHaTa, KHHETHYECKAsk SHEPIUs
CHCTEeMBI, 0000IIEHHAs CHIIa, ypaBHEHHE JABMKEHHS CHCTEMBI.

(dopMupoBaHHEe HATrpy3KH ISl CHCTEMbI MPHUBOJA
MexaHu3ma. B pabore [3] mpuBemeHa MeTOAMKA
pacdera mapaMeTpoOB JBUTaTeNII MEXaHHM3Ma IOIb-
€Ma MOCTOBOTO KpaHa, OJIHAKO HE YUTEHBI BO3MOXK-

BBenenne

OgauM  u3  Haubojee  pacHpoCTPaHEHHBIX
CPE/ICTB MEXaHM3AIMU IOTPY309HO-Pa3TPy309HBIX

paboT B METAJUIyprHYECKOM IIPOM3BOACTBE, Ha
CTPOUTENBHBIX IUIOUIAKaX, B PEUYHBIX M MOPCKHX
MOpTax, Ha XeJe3HOAOPOKHOM TPAaHCIOPTE SIBIIS-
I0TCSl TPY30IOABEMHbIE KpaHbl, OOeCleYHBaroIIne
MOIBEM TPy3a, IEPEMEIICHNE €T0 Ha ONPeIeICHHOe
paccTosiHUE U OIyCKaHUE C IIOMOLIBIO TPy303axBaT-
HOTO ycTpoiicTsa [1].

Ananuz JUHAMHUKH KPAHOBBIX MEXAaHU3MOB, KaK
IMpaBUJIO, CBOAUTCA K aHAJIMU3Y OTACJIBbHBIX 3JICMCH-
TOB C MHOXECTBOM ymnpolueHuil. Hampumep, B pa-
6ore [2] mpu pacCMOTPEHUH CUCTEMBI TTOTbeMa Ipy-
3a HE PacCMaTpUBAETCs BIMSHUE JIBMOKCHUS Tpy3a
IpU €ro OTKJIOHEHUSX OT BEPTHKAaJBbHOH OcH Ha
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Hble KoJeOaHus Tpy3a OT JBHKEHHS TPy30BOH Te-
JISKKH M MOCTa, NPUBOASIINE K TOMOIHUTEIBHBIM
KoJeOaHUSIM MOMEHTA JBUTATEIS.

ITonydyenue ypaBHEHHI JBUKEHHUS MEXaHU3MOB
MOCTOBOTO KpaHa 4Yepe3 aJlfOPUTM HCIOJIb30BaHUS
ypaBHeHuH JlarpaH)ka MO3BOJSIET B IOJIHOM Mepe
BBISIBUTh 3aKOHOMEPHOCTH U 3aBUCUMOCTH MEXAY
MEPEMEHHBIMU BO BCEX PEKUMax paboThl KpaHa.

VYpaBaenue Jlarpanxa BTOpPOro poja HMeEET
cienyromuii Bun [4]:

dfar)_or _

ne) =

rac T — xuHEeTHYeCKas OHEPTUA MEXaHUYECKOU CH-
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cteMbl; O; — 00001IeHHas CUila, COOTBETCTBYIOILIAS i-
i KoopauHaTe (MOXKET OBITh BBIpaKEHA Kak IOTEH-
[UalibHasg JHEPTHS MEXaHWYEeCKOM CHCTeMBI); ¢; —

0000IEHHas KOOpAMHATA; ¢, — OOOOLIEHHAS CKO-

pocth; i=1, 2, ..., k (MexaHUYecKasi CCTEMa UMEET k
0000IIEeHHBIX KOOPIMHAT).

Onpenenenne KHHETHYECKOH IJHEPTHH CHCTEMbI
MOCTOBOT'0 KpaHa

Ecmm paccmarpuBaTh MEXaHUYECKYIO CHCTEMY
MOCTOBOTO KpaHa (CM. PUCYHOK), TO JaHHAs CHCTe-
Ma HMEeT 5 crerneHed CBOOOMBI, COOTBETCTBEHHO,
4yToOBI ONMHUCATh CHCTEMY ypaBHEHHsMH Jlarpamka,

HE00X0MMO UMETh 5 0000LIEHHBIX KOOPJIUHAT ¢, U

COOTBETCTBYIOIIUX M 0000meHHEIX ckopocTeit 7 :

®q =y KOOpAMHATa IEepeMeIleHHsl Ipy3a IIo
BEPTUKAIH (JIMHA [T0JIBECA);

g, =x, KOOpJIMHATa IEpeMEIeHHS TPY30BOH
TEJICKKH;

® g, =X, — KOOpJHMHATa [IepeMELICHHs MOCTa;

® g, =0 — KOOpDAMHATa YIJOBOIO II€PEMEHICHUSA
rpy3a 10 HapaBJICHHUIO ABMKCHUS TEIICKKH;
® g, = — KoOpOMHATa YIJIOBOIO IEPEMELICHUS

rpy3a Mo HAMPaBICHUIO JBYXKCHUS MOCTA.

KuneTtnyeckasi SHEprHs CHCTEMbI BBIPAXKACTCS B
a0COJFOTHOM JIBMKCHHUU uepe3 000OIICHHBIE KOOp-
IWHATBI U 0000IIeHHbIE CKOpocTH. [t Kakmoro
MEXaHH3Ma MOCTOBOTO KpaHa KHHETHUYECKas dHep-
THSL OTIPE/ICNIACTCS BHIPAKCHUAMHU:

T — n/llr/l2 — ’/nlyl2
) 2
T = mV,’ _ myx,’
) 2
mV:>:  mx.
T — 1" 3 — 37V3 1
STy T, (1)
7 le42 _ m, (5642 +J>42)
) 2
T mV; _ m (xsz +)>52)
2 2

I[TepemerieHus rpy3a O OCSIM X U Y BBIPaKaOT-
cs uepe3 0000IIEeHHbIE KOOPIUHATHI:

X, =X, —ysino, y, =y, C0Sa,
Xs =x; — y;sinf; ys =y, cosp.

Ecnin momydeHHble ypaBHEHHS IOJCTaBUTH B
cucremy (1), ypaBHEHUS] IPUHUMAIOT BUJL

T — n/ll.).)l2
)
.2
T, = ngz
T = myx,’
)
- m, ((x2 —jysina)’ +(n c()sa)z)
e 2
, m, ((x3 —jysin) +(y, césB)z)
L=
2

ITocne psima mpeoOpa3oBaHMil 3amuUIIeM BbIpa-
KEHUs Ul OINpeAeTeHNs] KMHETHYECKOH 3HEepruu
3JIEMEHTOB CUCTEMBI

:lfnl.)‘/l2
)
.2
m,Xx.
T2 — 222
T :m3x32
)
(%, - y,sina— yacosa) +
T,=1/2m, _ I
+(y cosa— yasina)
. . . \ 2
(x3—y] smB—ylﬁcosB) +
T,=1/2m, ' L
+(ylcosB—yIBs1n[3)

Ilocne OMpEACICHNUA SHCPIrun JJICMCHTOB CH-
CTEMbI MOXXHO HaWTH KMHCTUYCCKYIO DOHCPTHUIO BCceH
CHUCTEMBI

T=1/2[my} +mi,’ +mi] +
. . . . 2
+m, (%, -y, sino— y,acosa)” +
. . . 2
+( ¥, cosa— y,asina) )+
. . . A 2
+((x3 - s1nB—y1BcosB) +

+(j}1 cosp—y,B sinB)2 ﬂ
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MexaHuam nogbema

MexaHunam nepeaBmxXeHns Tenexkn

MexaHun3m nepeaswkeHns mocta

X3

Kunemarnueckas cxemMa MEXaHM3MOB MOCTOBOI'O KpaHa (C BBIACJICHHBIMHU 0606I.LICHHLIMI/I KOOp,Z[I/IHaTaMI/I)

OmnpenesieHue 00001IEHHBIX CHJI CHCTEMBI
MOCTOBOTI'0 KpaHa

Jns ompenenennst 000OMIEHHBIX CHJI HAllO CO-
oOIIUTh CHCTEME TaKoe BO3MOJKHOE TepeMelleHue,
Py KOTOPOM H3MEHSETCSl TOJIKO KOOpAMHATA ¢,

noiy4as MHOJOKUTENbHOE IpHpalleHne Og,, BbI-

YUCIIUTh HA STOM MEPEMEIICHUNA CYMMY 3JIE€MEHTap-
HBIX paboOT BCEX ACHCTBYIOIIMX CHJI U TOJICTABUTH

HOJIyYEHHOE BbIpaXKeHUE B BhIpaxkeHHue 04, = 0,0q,,

npyu 3ToM Koddduiuent npu Og, U JaeT UCKOMYIO

BEIMYMHY 0000IIEHHOH crthl [5].
Ormnpenenenue OOOOIIEHHBIX CHIL,
CTBYIOIIUX BBIOPAHHBIM KOOPJIHHATAM:

COOTBCT-

O =-F+mg
QzZF
Q3=F3

0, =—mgy, cosa
Qs =—mgy, cosp

B nannoil cucteM ypaBHeHuil cuibl Fy, [, F;3
SIBJISIFOTCSL BHEIIHUMU CUJIAMH, KOTOpPbIE€ TTPUKJIA IbI-
BAIOTCSl K MEXaHHW3MaM INOJIbeMa, IEepPEeMEIICHUS
TEJISKKH W MOCTa COOTBETCTBEHHO. B dWacTHOCTH,
JIaHHBIE CHUJIbI BOBHUKAIOT B CHUCTEMax 3JIEKTPOIPH-
BOJOB MEXaHU3MOB.

CocrapJieHue cucTeMbl ypaBHenmii Jlarpan:ka
II pona

Cucrema ypaBHeHuil Jlarpamka no KaxIou
00001IIeHHON KOOpINHATE UMEET BHJT

N

d(or | oT

U -2

dt\ 0q, ) 0q,

d(oT )| oT

LA |-=-=0

dt\ 0q, ) 0q,

d(orT | or

U |--=o,

dt\ o4, ) 0q,

d(oT )| oT

L |-=-=0,

de\ 64, ) Oq,

d(oT | or
-0,

dt\ 945 ) 0qs

d(or | or

|- -=F-me
e\ oy, ) oy

afer) or_,

dt\ ox, ) ox,

afer) or_,

dt\ ox; ) Ox,

i(@_T _or_ m, gy, sino
d\oi) oa
dfor)_or m, gy, sinf3
ailop ) op
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Ecnu noacraBuTh Bee 3HaueHMs B ypaBHeHus Jlarpamka u npoanepeHInpoBaTh JIeBbIe YacT, MOy-

YUTCA CUCTEMA Z[I/Iq)q)epeHI_II/IaJ'IBHLIX ypaBHeHI/If/i ABHUXXCHHUA MCXaHN3MOB MOCTOBOI'O KpaHa

1) my, —m,X, sino.—m,X, sinff —
—m, (d2 +B2)y, =-F+mg

2) (m, +m,)x, —m,y sina—2m,ap, coso +
+m, (('12 sino — E)'ccosoc)y1 =F,

3) (m, +my )%, —m, 3, sinf — 2m, By, cosp +
+m, ([32 sin —B‘cosB)yl =F,

4) m,yld —2m,y,y,6+ my,%, cosa =
=-m,gy, sina

5) my2p—2m,y, B + m,y ¥, cosp =
=-m,gy, sinf}

BripaszuB gannyio cucteMy ypaBHeHu# B gopme Koy, momyyarorcs ypaBHEHUS IBHKEHUSI 0000LICH-
HBIX KOOPAMHAT AJIS IBMOKEHHS KaXXI0ro MexaHu3ma (2).

—F +mg+mX, sino+mx, sinf+m,y, (('12 +B2)

m, +m, +my

G = —X,cosa+2y,0—gsina
N

i = —X,cosP+2y,p—gsinP
i

[Tocnennssa cuctemMa ypaBHEHUN MpeICTaBIISET
c000ii cucTeMy OOBIKHOBEHHBIX AU(depeHIInaIb-
HBIX YpPaBHEHUN OTHOCHUTEIHHO OOOOIICHHBIX KO-
opauHar [6].

3aKI04eHne

[Homyuennsle muddepeHmaTbHbIe YpaBHEHHUS
MO3BOJIAIOT CTPOHUTH MaTeMaTHYECKHE MOJEITU Me-
XaHW3MOB KpaHa C Y4ETOM B3aUMHOTO BIIMSHHUS Y3-
710B 00BekTa. C ydeToM MOCTHKCHHA COBPEMEHHOM
BBIYUCIIUTEIBHON TEXHUKH M MPOrPaMMHOTO 00ec-
nedeHust [7, 8] HET HEOOXOAMMOCTH YHPOIICHHUS
TG PepeHIINATLHBIX YPAaBHEHUH JBIKCHUS MeXa-
HU3MOB, B pe3yJIbTaTe Yero MOXKHO TOIYYUTh aJIeK-
BaTHYI0 KOMITBIOTEPHYIO MOAEJb, KOTOpas ¢ JOCTa-
TOYHOH TOYHOCTBIO OyZET BOCHPOM3BOAUTH peajib-
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V=
ml
_ F,+mysina +2may, cosa+m,y, (dcosu— o’ sin(x)
X, =
2
m, +m,
_ F,+my sinB+2mpy, cosB +m,y, (BcosB —stinB)
¥, =

2)

HBIE TIPOIIECCHI, TPOTEKAIOIINE TIPH padoTe KpaHa.

OpHaKo JaHHas CUCTeMa YPaBHEHHU HE OIUCHI-
BaeT MOTEPH B y3JIaX MEXaHUYECKOH CUCTEMBI, yUeT
KOTOPBIX SIBJSICTCS JAJbHEHIIMM HaIpaBlIeHUEM
pPa3BUTHS TEMATUKU aHAJM3a JBMIKCHUS MEXaHH3-
MOB MOCTOBOTO KpaHa.
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Abstract

Problem Statement (Relevance): This article anal-
yses the motion of a three-mass system of bridge crane
mechanisms. The relevance of this work is in the ap-
plication of Lagrange’s equations of second kind,
which helped describe the system motion. Due to this
approach, the authors could study the dynamic behav-
iour of the crane mechanisms since dynamic loads ap-
pear to be the prevailing cause of crane failures. Ob-
jectives: The objective of this research is to obtain the
equations of motion for the bridge crane mechanisms,
which can be used for mathematical and computer
modelling of electrical drives for crane applications.
Methods Applied: The analysis (of the bridge crane)
conducted is based on combining separate mechanisms
into a three-mass system in order to derive the depend-
encies of velocity and acceleration rates from other
physical and process parameters. Originality: The
mechanisms of a bridge crane are not examined as sep-
arate components but as an intergrated system where
all the constituents influence each other. To describe
the system motion without any simplifications, La-
grange’s equations of second kind were applied. This
indicates that the obtained description offers high ac-
curacy. Findings: The article defines the generalized
coordinates of the lifting mechanism, the trolley and
the bridge. The kinetic energy of the mechanical sys-
tem was determined, and the generalized forces found
that impact each mechanism. Lagrange’s equations of
second kind were derived for each generalized coordi-
nate. Equations of motion were derived for each com-
ponent that prove the interrelated nature of the compo-
nents. Practical Relevance: The authors indicate other

possible applications for these equations for further
study of bridge cranes. The derived equations can be
used to build accurate mathematical and computer
models, which can help learn more about the motion of
bridge crane mechanisms.

Keywords: Bridge crane, Lagrange’s equation of second
kind, generalized coordinate, kinetic energy of the sys-
tem, generalized force, equation of the system motion.
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