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Byno BcTaHOBIEHO, 11O HABAaHTAKEHHsS Ha KpaH BiJ] BaHTaxy SKUH pO3rolayeTbcs
3QJIEKUTHh BiJ] CXeMH HOro MmiABiCY 1 iHEpUIMHMX XapakTEPUCTUK BaHTaxy. JlocmimkeHHs
IPOBOJAMIIUCH 32 JJOMIOMOT0OI0 MaTeMaTUYHUX METOJIB, SIKl1 ONMMCYIOTh MEPEXiJH1 MPOLECH, LIO0
BUHHUKAIOTh IPH CYMICHOMY pycCi MEXaHi3MiB MigiioMy, MOBOPOTY i 3MiHHM BHJIBOTY KpaHa
JNEK-251. [Ilpu pocmigxeHHI KOJMBaHb BaHTaXiB Ha MiABicax 3a cxemamu | 1 2 Oynu
NPUAHATI Taki MNPUNYHICHHS: KaHAT - ijJeanbHa, HeBaroMa HUTKAa; 0e3MacoBi OJIOKH
NEePEeKOUYyIThCS 10 KaHaTax 0e3 KOB3aHHs; JOBXKHUHA I1JIBICY BAHTAaXXy IOCTIHHA.

JuHaMiyHa HAaBaHTAXXEHICTh CHCTEMH OI[IHIOBAJlach METOJOM IMOPIBHSIJIBHOTO aHaJi3y
rpadikiB 3ycuib, MEpeMilleHb 1 IMBHUJKOCTEH MpPUBEAEHUX Mac CTPiNOBOi cucTeMHu. Takox
Oynu moOynoBaHI PO3pPaxyHKOBI CXEMM CYMICHOTO PyXy Me€XaHI3MiB MiAHOMYy Ta MOBOPOTY
CaMOX1AHOTO KpaHy, Ta pO3IJsAHYTI 4YacHI BUNAAKU POOOTH MeXaHi3My KpaHa. OTpumani
BHpa3u JUIS pPO3paxyHKYy HaBaHTa)XeHb Ha KpaH BiJ BaHTaXy, SKUH pPO3TOUIYEThCA Ha
KaHaTax, sKI BPaxOBYIOThb CXeMYy MiJBIiCY BaHTaxy 1 Horo iHepuiifHi xapaktepuctuku. Ilpu
KOJINBAHHSX BaHTAXY Ha MiABICI 32 cxeMol | BigOyBaeThCa NEepepoO3NOAii HATATIB B KaHATAaX,
1 IpU BIANOBIHUX yMOBaX MOe BiZJOyTHUCS OCIabIE€HHs OJTHOTO 3 HUX.

Knrwouoei cnoea: ctpina; BaHTax; TMiABICKA; KOJHMBAHHS; CaMOXIJIHUU KpaH,
pO3rofyBaHHs.

Podolyak O.S., Khoroshylov O.N., Anenko K.K. "Mathematical modeling of the joint
movement of mechanisms for lifting, turning and changing the crane's departure™

It was determined that the load on the crane from the load that is swinging depends on
the scheme of its suspension and the inertial characteristics of the cargo.

The research was carried out using mathematical methods that describe the transient
processes that occur when the lifting, rotating and changing mechanisms of the crane DEC-
251 are moving together.

When examining the fluctuations of cargo on suspensions according to schemes 1 and
2, the following assumptions were accepted: the rope is an ideal, weightless thread; massless
blocks roll over ropes without slipping; there is no energy dissipation in vibrations; the length
of the suspension is constant.

The dynamic workload of the system was evaluated by the method of comparative
analysis of the graphs of forces, displacements, and velocities of reduced masses of the boom
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system. In our work, we also constructed calculation schemes for the joint movement of the
lifting and turning mechanisms of the self-propelled crane, and considered particular cases of
operation of the crane mechanism.

The research resulted in receiving expressions for calculating the load on the crane
from the cargo, which is swinging on the ropes, which take into account the suspension
scheme of the cargo and its inertial characteristics. When the load on the suspension is
oscillating according to scheme 1, there is a redistribution of the tension in the ropes, and
under appropriate conditions one of them may weaken.

Keywords: arrow; cargo; suspension; vibration, self-propelled crane, swinging.

AHaJi3 g1ocIiaKeHb

CamoxigHI KpaHH IIHPOKO BHUKOPUCTOBYIOTHCS B IIUBUIBHOMY 1 IPOMHCIOBOMY
OymiBHHULTBI. 3HAYHMIA Yac poOOTH IMX KpaHIB 3aliMaioTh mepeximHi pexumu. [Ipu posroni abo
ralbMyBaHHI BHHHMKAIOTh KOJHMBAHHS BaHTaxy, fAKi IPH BHUCOTHOMY OYIIBHUITBI 3HAYHO
3MEHIIYIOTh MPOAYKTHBHICTh POOOTH KpPaHa i CTAHOBIISATH 3arpo3y VIS KUTTSI CTPOITyBaJIbHUKIB [1].
ToMy mocrtae 3amaya yCyHEHHS KOJMBaHb BAHTAXy IiJl Yac MEPEXiIHUX PEKUMIB pyxy. 3MiHa
BHJILOTY CTPUJIOBOTO KpPaHA MOXE BUKOHYBATHCH SIK MEXaHI3MOM TEPEMIIIEHHS CTPLIOBOI CHCTEMH,
Tak 1 MepeMillleHHsSM BaHTaXHOro Bi3ka. KpiM TOoro, 3mMiHa BHJIBOTY MOXXE BHKOHYBaTHCh
OJTHOYACHO TPH POOOTI KX JBOX MEXaHi3MiB, III0 CTBOPIOE JOAATKOBI CKIaHOMII 7Sl pO3B’ I3aHHS
3a/1avi 10/I0 YCYHEHHIO KOJHMBaHb BaHTaxy [2,3]. luHamiuHiI HaBaHTa)KEHHS, SIKi BUHUKAIOTh MPHU
MEPeXiTHUX PEeXKUMaX PYyXy, TAKOK MAIOTh 3HAYHWW BIUIMB HA HAIIHHICTH 1 TOBTOBIYHICTH POOOTH
kpana. IlonepeaniMu pocimimkendsmu [2,3,5,6,7] BCTaHOBICHO 3B’SI30K MK JHHAMIYHHUMHU
HABaHTAXCHHAMHU Ta €(EKTUBHICTIO poOOTH KpaHa. ToMy BHpIIICHHS 33134 ONTHMi3amii pe:KuMiB
3MiHHM BUJIBOTY OAIITOBUX KPaHiB AaCTh MOKJIUBICTh MIABUIIUTH iX €()EKTUBHICTD.

Merta po0oTH: TEOPETUYHO ONMUCATH CYMICHIH PyX MEXaHI3MIB MiJHOMY, TOBOPOTY 1
3MiHU BWJIBOTY KpaHa Ta 3alpONOHYBAaTH 3aXO0/H, I10JJ0 BUPILIEHHS MPOo0IeMH po3roi1yBaHHs
BaHTaXy IpHU MiAHOMI 1 TOBOPOTI.

3aBaaHHsa podoTH

MaTeMaTH4HO 3MOJIETIOBAaTH CXEMH CYMICHOTO PYXy MEXaHi3MiB MiiOMYy, TOBOPOTY i
3MIHM BUJIBOTY KpaHa; BuBectu nudepeHuiaabHi pPIBHAHHS pPYXy MEXaHI3MIB HiIHOMY,
MOBOPOTY 1 3MIHHM BUJIBOTY KpaHa; JloCaiUTH OKpeMi BUIIaJKH POOOTH MEXaHI3My KpaHy.

Bukiaa ocHOBHOro MaTepiay

Po3paxyHkH CyMiCHOro pyxy MeXaHi3MiB MiIOMYy Ta HMOBOPOTYy OyaeMo poOUTH Ha
MPUKJIAl CAaMOX1THOTO KpaHy.

CxeMu MaroTh HIMpPOKe nomupeHHs. Humu monentoroTbes rpeiidep Ha MiATPUMYIOUNUX
a00 3aMUKa4YMX KaHaTax, MiJIBICH BaHTaXXy Y MOHTaKHUX MOPTaJbHUX 1 OyJiBEIbHUX KpaHiB
1T.0.

Ha puc. 1 306paxeHi 4; — TOUKU JOTUKY KaHATaMH OJIOKIB Ha CTpil,

B;— Touku NOTHUKY MiaBicKU, M — 1IeHTp iHepIlil BaHTaxy, H — TOBXKWHA MiABicY BaHTaxy, h, f,
b, r — xapakTepHi po3Mipu BaHTaXy, & — KyT HaxXWIy KaHATIB MO BepTHKaJi, K — KoedilieHT
pO3CiIOBaHHS KOJUBAaHb.

Ha puc. 2 naBenena po3paxyHKoBa cxema KpaHy 3 BaHTaXEM, /1€ TTIO3HAYEHO: p — BUJIIT
CTpiNu KpaHa, TOOTO BiJICTaHi BiJ oci 00epTaHHS KpaHa M0 KiHIIEBHX OJIOKIB CTpiiH (x000Ta),
o — BIJCTaHb B1Jl 0C1 0OEpPTaHHS 10 KOpeHs CTpiiu, L — BiACTaHb KOpPEHs CTPUIM 10 KIHI[EBUX
0JIOKIB CTpiIH.
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Puc. 1 — Po3paxyHKOBi cXeMH MiJIBiCY BAHTaXY

[Ipn BuUBeneHHI cucteM audepeHUianbHUX pPIBHSAHB, M0 ONUCYIOTh PYyX KpaHa 3
BaHTa)XeM Ha IijBicax 3a cxemMaMu 1 1 2 mpu cyMicHIi poOOTI MeXaHI3MiB MOBOPOTY, 3MIHH
BHJIOTY MiTHOMY, CKOPHUCTaeMOCS piBHSHHSIMH Jlarpanika Ipyroro mopsaky y BUTIISIL:

d a(T—l'I}] (T-m _  dp

a | ag, — + @ (1)

dq; dq;

ne T, Il 1¢ — BIANOBIAHO KIHETUYHA 1 MOTEHIIMHA eHeprii 1 AucUNaTUBHA (YHKIIISA
CUCTEMM KpaH-BaHTax; Q; — HEMOTEHIIAJIbHI y3arajlbHEeH1 CHJIM; (] — He3aJIe’KH1 y3arajbHEeHi
KoopauHaTU 1 mBHAKOCTI cucremu, T —II — kiHetnuHuit mnoteHnian. [lepen poszpoOkoro
MaTeMaTUYHUX MoOJeleil CTpUIOBMX KpaHIB 3 METOK OTpPUMaHHA KOe(]illieHTIB B
nugepennianbHUX piBHAHHAX. [Ipu ibomy Oynemo 6azyBaTucs Ha pe3yibrartax pooit [4,5,7].

[Ipu mocnmigxeHHI KOJWBaHb BaHTAXIB Ha MiABicax 3a cxemamu | 1 2 mpuiiMeMO Taki
NPUNYIICHHS: KaHAT - i/leallbHa, HeBaromMa HUTKa; 0e3MacoBi OJOKM MEpPeKOUYYIOTHCS IO
KaHaTax 0e3 KOB3aHHS; 3) JOBXKHMHA M1JIBICY BAaHTaXy MOCTIiiHa
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C1

P

fk Z\/ Xk

Yk

Puc. 2 — Po3paxyHkoBa cxema KpaHy 3 BaHTaXEM

[Ipu ckiananHi MaTeMaTHYHUX Mojeneld KoedinieHTH nudepeHiiHuX piBHAHb OyIH

OTpUMaHi 3TigHO 3 poboTH [8].

OxkpemMi Bunagku podoTn MexaHi3My KpaHa
Ha ocHOBI OTpUMaHMX CHCTEM pIiBHSIHb MOXYTb OYyTH BHBeIEHI AudepeHiiiH1
PIBHSAHHS, SIKI OMUCYIOTH PSAJl OKPEMUX BUIAJIKIB pOOOTH MEXaHI3My KpaHy.
SIk1o MexaHi3M 3MiHM BWJIBOTY HE NpAILIOE, TO B cucTeMax AUQEpeHIIHHUX PIBHSHb

p =cont, p = p = 0.Mu orpumaemo cuctemMu gudepeHIiitHuX piBHAHD B BUTIIAII:

Jnst cxemu 1:

L +mlx®+ (v + p)?1 + 2kxl, — 216}, — [m(y+ @) + kI |x +mx(y+ @)

+Lo— 1,0 +2¢, [m(y + @) (v + @) — IO + I ki] + Vkew(I ¢ x — I %) = M, — M_;

—[mly + p)é, + m¥ — mg, [2(v'+ ) + gpx] |k, i +—= Iekd +c,x + oy =0

—(Lkx—I.68+1L,)—Lki—1,6+1,6+ ¢, [L.¢—kx(L+1)] -

—@; [;qg _-*rr]: + *rzpkx) + kgl — V'I"'W[sz‘ﬁk + Iﬁ:i:) t ey teg =0;

Vka(L,¢px — Ix) — 1 (L¢x —I,3) + 6, (0 + @) + c,.x =0

mxgy, +mi +me[2x — (v + @), ] + k¥ + c,y + 6,08 = 0;

(1,6 + L —1,)¢, + Lo — 1,0 + 26, (1,0 + 1 ki) + Vkw(l ¢, x — %)+ c,0 = 0;

k3

—(1,0+ L —1.)é, + Lo— 1,6 + 26, (1.6 + 1 kx) + Vko(l,¢,x — 1 ;%)

© IMogonsk O.C., XopoummioB O.M., Anenko K.K., 2021

21



ISSN 2079 — 1747 MammnoOynyBanus, 2021, Ne28
DOI 10.32820/2079-1747-2021-28

I'anyseBe MaminHOOy1yBaHHS

+e,, ¥ +cgf =0. (2)
Hnsa cxemu 2:

L +mlx?+ (v + p)?1 + 2kxl, — 21 Ble, — [m(y + @) + -i’-.:fqp]x + mx(y+ @)

+o— 1,0 + 26, [m(y + @) (v + @) — [0 + I k| + Vkw (I, ¢, x — —Ix) = M, — M,;

—[m(y +p)g, + mi —mg, [2(v+p) + G x|kt +— Lsk¢ +c.x+c b = (

mxg, +my +me, [2x — (v + @)¢i ] + k7 + 6,y + 6,080 = G,

(1,8 + Iy — L)y + e~ I, 8 + 263, (16 + I k) + Vhew(I, ¢ x — Lpt) +cp0 = 0;

(1,6 + Lap — rqg)c;a',{_gr g~ I,6 + 26, (L6 + I, k:i:). + Vkm[[apq?kx - f_,ﬁ:;;) +c,0=0;
_E[qg R CA ‘rr]E)‘Pk — L g — I, 8 F Ry 4 ‘pk[[*rr] tL ]9 — Iy

@ (L + 1,6 + 1. )¢, — I, — I, ¥ + 1.6 + kb — 6,

[(IE + Iq)’l'lff —_ IqufJ + qik [[I!]E + IE;,,.'IID' — IUE)] + C}.E}T + I‘:-'EE = ':I;

—(1,0 + L — 1) + Lo — 1,6 + 26, (1.6 + I ki) + Vko (I, ¢y x — I;%) +

+e,,y ¢ =0. (3)

SKIIO MiABIC MOJENIOETHCS y BUTJIAI MATEMAaTHIHOTO MAasiTHUKA, TO CUCTEMHU PIBHSHB
NpUIAMYTh BUJ:

L +mx® 4+ (v + 0)le, —m(y + @)x + mx(y'+ @)x + mx (5 +5) + 26, [m(y + @)y =

= Mg — M

—[m(y + p)G, + mi — 2mg, (y'+ ) + G xlk % + (e, —me?) = 0;

mxg, +mio+¥) + mg, [2% — ¢, (}’+Pj:|k}-1:’+ c,¥y =0 4)

Homyctumo B piBHsHHAXx V=0, H=const, orpumaemo audepeHUiiHi piBHAHHS, SIKi
ONMHCYIOTh PyX KpaHy 3 BaHTaXXeM, TIJIbKK IPpH poOOTI MeXaHi3My IOBOPOTY.

Just cxemm 1:
L + I + m[x® + (v + p)*] + 2kxl, — 21,6}
0 — [m(y + @) + kI, x + me(y'+ @) + Lo~ I, 6 + 26,
[m(y + @) (v + @) — 10 + I k| + Vke (I, ¢, x — [;6) = M, — M_;
—[agkx+m(y + p)lg +ax — I k¢ —1I kb — gik{zm(jr +p) +k[l,¢ +1L] -
—@2 [(m + Ik?)x + k(I + 1.8)] + kxy i + Vkw[(2kx + 8¢,) + I, (2kx + 8) — I, (¢ +

+6,)] +ex= l];}
mx@), +(m, +m)p + my + me, +m, 26, (16 + I, kx) + ¢,y + g6 = 0;
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~(5,0 + ¥ = Ly )6 = L + Iy — 1, 6+ ey + [ (1 +1)]0 = 1y —
_'?jk['{:]w +1I,.6 + Ir]E)‘alﬁk — L@ — LY+ fg"-aj + kg — &y,

[[IE + Iq)’l,lff - II:]E‘;.J + f;ik [fqg + IE:,,.’I.IEJ - IUE):I + C}.E}F + CBE =0 (5)

Jnst cxemu 2:

L +m[x*+ (y + p)?] + 2k, — 21 B}e, — [m(y + @) + :i’;fqp]x + mx(y+ @)

+Le'— 1,0 + 26, [m(y + @) (v + @) — 1.0 + L kx| + Vkaw (I, ¢ x — [ ;%) = M, — M_;
—[m(y + p)g + mi — m@, [2(v'+ p) + Gixl |kt +— Ligk@ + cx + oy b = 0;

magy +mi +me[2x — (v + @)G,] +ky ¥+, + 08 = 0;

(1,6 + I — I )@ + L@ — 1,0 + 26, (1.0 + I ki) + Vko(l, ¢ x — ;%) + c,0 = 0;
(16 + Iy — L )Gy + e — I, 8 + 263, (18 + I ki) + Vhew(I, ¢px — Lgk) + cp0 = 05
(1,0 + ¥ — 1) Gy — L@ + 1 — L, 674 kg + 6, [(1, + 1)]6 — [0 —

—G (I + 1,0 + 1. )6, — I, ¢ — I, + 1.6 + ko —
_Epk[('{i + Jrrl)”b — o + I=*'\Eik[!rl'f’;l Ty - I!]E)] + €y + g8 = 0;
—(1,0 + Ll — 1) + L™= 1,0 + 26, (1,6 + I ki) + Ve (L, ¢, x — I ;%) +

t+c,y +c.x =0 (6)

3 piBHSHb MOJKHa OTPUMAaTH BHUpPa3H, KOJU BAHTAXX HAa KaHATaX MOJEIIOETHCS B
BUTJISAJII MATEMAaTUYHOTO MasiTHUKA, TO CUCTEMH PiBHSIHb NPUHMYTh BUA:

L +mx2 4+ (v + 0)lo, —m(y + @)x + mx(y'+ §)x + mx (54 7)26, [m(y + @)]y
= Mg — ME;
—[m(y + p)@,, + m¥ — 2me,. (v'+ p) + ¢ x]k, % + (cx — mqig) =0;

mxg, +mlp'+ i) + m@[2% — ¢ (v + p)lk, 3+ ¢,y = 0.

KOOpIMHATH TOYOK ai B cucteMi X Y Z 1 Bi B cucremi I)ET BU3HAYarOTHCS MO METOIMIII
[7].

CrnpoexTyeMO CHJIM HATITy B KaHaTax 1 Bary BaHTaXXy Ha Bick Mz:
5,cos(5,z) + 5,cos(5,z) — G =mz

3BigKu

BignocHi BEIUYHHA HABAHTAXKEHD:

© IMogonsk O.C., XopoummioB O.M., Anenko K.K., 2021
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_ cos[y + @(h + b tga)]

x 1
B [v — (h—r sina)8]
N | cosa

¥ = -1 (8)

Yy ,

MoMeHTH cuil HAaTATiB B KaHaTax Si 1mono oceit {}C Xy {}C}fﬂ, U,:Z,:- Otpumaemo:

M,=0, M,=fPtga, M,=c,p 9)

@opMynH, OTpUMaHi 71 pO3paxyHKY HAaBAaHTaXXEHb HAa KpaH s cxeMm 1 1 2 MoxkHa
y3aragibHUTH. MOMEHTH AJ1s1 000X CXEM BU3HAYalThCS 0 GOpMyJIaM:

Qa
M,=0, M,= f(P.tga —m}, M, =rc,p (10)
HaBaHTaXeHHs IPECTABISIOTHCS Y BUTIISII:
m - -
P,.= —_[cx + pq::quk‘] P, =c.x+c,
dx (11)
P, =c,y +c,0, P.=—G.

Tyr naBautaxenus b, 11s cxem 1 i 2 Bu3HaualoThes 3a pisHuMU Gopmysiamu, Takum

YIHOM, HaBaHTA)KEHHS Ha KpaH BiJl BAHTAXY SKUU PO3TOHIYETHCS 3aJICKUThH BiJl CXEMH HOro
MiJBIiCY 1 IHEpUIMHUX XapaKTEPUCTUK BAHTAXKY.

Bucnosku

1. Orpumano cucteMu JudepeHumiadbHUX pPIBHSAHB, LIO0 OIMUCYIOTh pPYX KpaHa 3
BaHTa)X€M Ha MPOCTOPOBUX MiABICAaX MO JBOM cXeMaM. PIBHSIHHS J03BOJSAIOTH JOCIIIKYBaTH
pyX KpaHa NpH CHUIBHIA poOOTI MeXaHi3MiB MiHOMY, MOBOPOTY Ta 3MIiHU BMJIBOTY, IpPH
CHUIbHIA pOOOTI MEXaH13MiB MMOBOPOTY 1 MIAHOMY 1 TIIBKA MEXaH13MY ITOBOPOTY.

2. OTtpumaHi BUpa3M AJId PO3PAaXyHKY HaBAaHTAKEHb HA KpaH BiJl BaHTaxXy, SKUH
pO3TOHIYyeEThCS Ha KaHaTax, sKi BpPaxOBYIOTh CXE€MYy IIJIBICY BaHTaXy 1 HOro iHepuiiHi
XapaKTEPUCTHUKH.

3. Ilpn konMMBaHHSAX BaHTaXy Ha MiABiCc1 3a cXeMor | BiAOyBa€TbCS TMEPEPO3MOILIT
HAaTATIB B KaHATax, 1 IPU BIANOBITHUX YMOBAxX MOXe BiIOYyTHCS 0CIabJIeHHS OJHOTO 3 HUX.
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