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I[HHAMI‘IHHﬁ AHAJII3 IEPEMIIIEHHS BI3BKA
BAHTAKOINIAMOMHOI'O KPAHA 31 3SMIIEHUM HEHTPOM MAC
BAHTA’KY BIIHOCHO 3AXBATY

Peztome. Hagedeno oOunamiunuil aumaniz pyxy cucmemu, wo CKIAOAcEmMvcsi 3 Gi3KA, 3aX8AMHO20
npucmpol0 i 6AHMAdICy 3i 3IMIWeHUM YEHMPOM MAc GIOHOCHO 3AX8AMHO20 NPUCMPOIO 8 npoyeci po32oHy. [lpu
YbOMY NYCK KpaHa 30IUCHIOEMbCS HA NPUPOOHIU MEXaHiuHil Xapakmepucmuyi enekmpoosucyna. Buxioni oani
0151 NPOBEOEHHA OUHAMINHO20 aHANIZY PYXY CUCIEMU «BI30K — 3aX8AMHUL NPUCMPI — 6AHMAIC» GUKOPUCMAHT 3
kpana KKY — 10, wo ocHawenuii epetighepnum 3axeamom Ha cHYYKOM) NiO8iCi 3 NauKoio Konoo.

Kniouogi crosa: ounamiunuii ananiz, KOMUGAHHs, 6AHMANCHUI KPAH, KPAHOGUL 8I30K, MEXAHI3M.

V. Loveykin, P Lymar

DYNAMIC ANALYSIS OF MOVEMENT OF CARRIAGE
HOISTING CRANE WITH A DISPLACED CENTER OF MASS CARGO
FOR GRIPS

Summary. In the article the dynamic analysis of motion of the system consisting of a carriage, grip and
cargo with a displaced center of mass over the gripper during acceleration is presented, starting of crane being
the natural mechanical characteristics of the electric motor.

The data input for the dynamic motion analysis of system «carriage — grip — cargo» the crane KKU —
10, which is equipped with a grab on a flexible hanger with a bundle of logs, is used.

Mechanical characteristics of the induction motor (MT 112-6) carriage drive, is described by the Kloss,
equation linking the electromagnetic torque with sliding

Basing on the developed dynamic model equations of motion are obtained, which are constructed using
the Lagrange method of second order. These equations represent a system of nonlinear differential equations of
second order, which are solved by the numerical methods. When constructing dynamic model of the movement of
carriage with a cargo it is assumed that all elements of the crane carriage are moving in a vertical plane, all
elements of carriage are perfectly solid, except the grip, that has an elastic connection with cargo and cargo
rope, which deviates from the vertical. The linear coordinates of the center of mass of carriage x and angular
coordinates deviation from the vertical rope cargo y and axis of timber ¢ are chosen as the generalized
coordinates of the developed dynamic model. The graphs of change kinematic characteristics of carriage, grip
and cargo are presented. The change of the driving torque of the drive motor during acceleration is investigated.

The results testify that after acceleration of carriage significant variations in gripping device and cargo
appear. It results in the decrease of productivity and reliability of the crane, as well as to overload of the motor
and its control device. Furthermore, minor variations are observed during the steady movement of the carriage
with cargo, which then disappear.

Key words: dynamic analysis, oscillations, crane, crane carriage, mechanism.

IocranoBka mpob6aemu. PoboTa migiiOMHO-TPAaHCTIOPTHUX MAITUH Ma€ IHAKITYHANA
XapakTep, MpH IbOMY MEepexiHi PeKUMH PyXy IX MeXaHi3MiB 3aiiMalOTh 3HA4YHY JIOJIO BCiel
TPUBAIOCTI pobouoro mukiy. HeycraeHni (mepexiiHi) pekKUMH pyXy KpaHOBHX MEXaHI3MiB
CYMIPOBOIKYIOTHCS 3MIHOIO Y Yaci KIHETUYHOI Ta MOTEHIIIAIBHOT €Heprii OKpeMUX eJIEMEeHTIB
MeXaHi3MiB Ta KpaHa B IiyioMy. [Ipu boMy pi3Hi eJIeMEHTH KpaHa B3a€EMOJIIIOTh MK COOOF0.
Taka B3aeMoisi XapaKTepU3yeTbCsl BUHUKHEHHSM 3HAYHUX JMHAMIYHUX IE€PEBaHTaXEHb B
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OKpeMHX eJIeMEHTaxX 1 CUCTEMH B LIJIOMY, 110 MOX€e BUKIIMKATH IX IepeyacHe pyiHHyBaHHS, a
TaKOX 3MEHIICHHS IPOyKTHBHOCTI KpaHa.

[Ipn nepeBaHTa)XeHHI BaHTaXiB, IO MalOTh 3MIMEHUA IEHTP Mac BiJHOCHO
3aXBaTHOTO TPHCTPOIO, OCTAa€ MPoOieMa AMHAMIYHMX HABAaHTAXXEHb Ta KOJUBAHb BAaHTAXY,
0 BIUIMBAa€E Ha TakKi MOKA3HUKH, SIK MPOJYKTHBHICTh, HAJilHICTh, 3pYUHICTH KepyBaHHI
To1mo. ToMy aKTyaapHOIO € 3aJlada BUBYCHHS JHHAMIUYHUX IPOIIECIB, 110 MPOTIKAOTH i Yac
ITyCKy KPaHOBOTO Bi3Ka 31 3MIIIICHAM IIEHTPOM Mac BaHTaXXY BIJIHOCHO 3aXBary.

AHaJIi3 ocTaHHIX AocTiKeHb i myOJikaniid. JlocmiUKeHHIO NMPUYMH BUHUKHEHHS
JUHAMIYHAX HaBaHTaXCHb MpUCBsdeHi podoth [1-11]. ¥V poboti [2] po3risHyTO OYyIIOBY,
NPUHIUN J1ii, TPU3HAYEHHs] I OCHOBHI HAIlpsIMU PO3BUTKY KOHCTPYKIiM KpaHiB. Bukianeno
OCHOBH pO3paxyHKIiB 1 KOHCTPYIOBaHHS HaiBaxmuBimmx By3miB. Komapos M.C. [3]
PO3TIsiAac BAHTXKOIIIHOMHI MAIIMHHU SIK MPYXKHI CUCTEMH 3 KUTbKOMA CTYIEHSMHU BUTBHOCTI.
JlocmiKeHHS TPOBEICHO MIISIXOM BHPaKCHHS PyXy €JIEMEHTIB CHCTeMH B JuepeHIianbHil
¢opmi. JluHamMiyHI HaBaHTaXXEHHS 1 MapaMeTpH NpU MiAiiMaHHI BaHTaXy 1 MepeMilleHHI
KpaHa, XapaKTepHi pe)KMMH HaBaHTKyBaHHS, MUTAHHS CTIHKOCTI W cHCTeMHU cTadimi3arrii
NPSIMOJIIHIKHOTO pyXy KpaHa po3risiHyTo B poOoti [4]. B kHu3i [5] po3rnsHyTo a3m
€JIEKTPOIPUBO/IA, HABEJICHO MaTepiajl YIpPaBIiHHSI aBTOMAaTH30BAHUMH €JIEKTPOIPUBOJIAMH.
AHai3 poOiT WX JOCTITHUKIB ITOKA3ye, M0 OUIBIIICTh 3 HUX BUKOPHUCTOBYIOTh HAMIIPOCTIII
¢yHKuii (mocTiifHi, KyCKOBO-IIOCTIHHI, CKJIaJAeH] 3 JIHIMHUX (YHKLIH TOIIO0) 30BHIIIHBOTO
3yCHILIS, SIKE MPUKIIAJAeThes 10 Bi3Ka. 3BUYAHO, TaKe MOJIETIOBAHHS 30BHIITHBOTO 3yCHILIS
Jla€ 3MOT'Y OTPUMATH pe3yJIbTaTd B aHAJITUYHOMY BHUIVISI. Y SKOCTI MPUBOJHOTO JIBUTYHA
KpaHOBUX MEXaHi3MiB, OCOOJMBO HEBEIUKOI BAHTKOMIIHOMHOCTI, JyXXe 4YacTo
BUKOPUCTOBYETHCS. ACHMHXPOHHMH €JIEeKTPOJBUTYH. MexXaHiuHa XapaKTepHCTUKa TaKOTro
JIBUTYHA HejiHiftHa. Tomy mpw aHami3i JUHAMIKH PyXy KpaHOBOTO Bi3Ka 3 IPHUBOJOM BiJ
ACUHXPOHHOT'O €JIEKTPOJIBUT'YHA HEOOXITHO BUKOPHUCTOBYBATH YUCENbHI METOIU PO3PAXyHKY
MOOYT0OBaHUX MOJICTIEH.

Merta JgociizkeHb TI0JITae€ B MPOBEJCHHI JTUHAMIYHOTO aHATi3y IPOIECY PO3TOHY
KpaHOBOTO Bi3ka Ha MNPUPOAHIA MeXaHIYHIH XapaKTEepPUCTHIl HOro MPHUBOJHOTO
eNIEKTPO/IBUTYHA 32 YMOBH 3MIIIIEHOTO IIEHTPa Mac BaHTaXy BiTHOCHO 3aXBarTy.

PesyabTaTn nocaimkenb. J[s mpoBeneHHS AWHAMIYHOTO aHANI3y PYyXy CHUCTEMHU
«BI30K — 3aXBaTHHU TIPUCTPI — BaHTaX» BUKOpHUCTaHO BaHTaxHW Kpan KKVY-10 [1],
oOnagHaHui rpefiepHUM 3aXBaToOM Ha THYYKOMY MiABici 3 maykoro kojoj. Ilpm 3MiHi
BIJIBOTY BaHTAXY IIHOTO KpaHa BHUKOPHCTAaHO TWHAMIYHY MOJEJb, SKa IPEICTaBICHA Ha
puc.l. Ilpm npoMy HOpUHHATO Taki HPUIYHICHHs, IO BCi €JIEMEHTH KPaHOBOTO Bi3Ka
PYXaroThCsl Y BEPTUKAIBHIHM TUTOMIHMHI Ta yCi eJIEMEHTH Bi3Ka € aOCOIOTHO TBEPIUMH TiJIaMH,
OKpIM 3axBary, KM Mae€ MpY)KHUU 3B 30K 3 BaHTaKeM. 3a y3arajibHEHi KOOPJAWHATH TaKoi
JMHAMIYHOI MOZeNi 0OpaHo JIiHIHHY KOOpJMHATY [EHTpa Mac Bi3Ka X Ta KyTOBI KOOpAWHATH
BiJIXMUICHHS BiJl BEPTHKAJIi BAHTAXKHOTO KaHATa i Ta OCi JICPCBHHH ().
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Pucynok 1. Po3paxyHKkoBa MOJIeNTb CHCTEMH «Bi30K — 3aXBaTHUI MPUCTPiif — BAHTAXK»
Figure 1. Calculation model of the system «carriage — grip — cargo»

Tyr m — wmaca Bi3ka pa3oM 3 MPHBEACHOIO MAacOK MPUBOJAHOTO MEXaHi3MY;
m; — Maca 3axBaTHOTO MPHUCTPOIO; M1y — Maca MAvKH JePeBUHH; J, — MOMEHT iHEpIIii JepeBUHH
BIJIHOCHO IIEHTpa Mac; s — 3MIIEHHS I[EHTpa Mac JCPEeBUHU BIJHOCHO TOYKH 3aXBary;
[ — TOBKWHA THYYKOTO ITiJIBiCY 3aXBaTHOT'O MIPHCTPOIO.

Bu3HaunMo KOOpIMHATH IIEHTPIB Mac 3aXBaTHOTO MPUCTPOIO Ta JICPEBHHU

xR:x+lsinl//_ (1)
y,=lcosy
x, = x+Isiny +ssin(@, + @) ((2)

y, =lcosy +scos(@, +9)

Jie ¢p — TOYaTKOBa KOOPIMHATA BIAXUJICHHSI OCl BAHTaXXy B1J BEpTHUKAJI.

BBaxaemo, 1o ropu30HTANBHI MEPEMIIICHHs IIEHTPIB Mac 3axXBAaTHOTO MPHUCTPOIO i
JIepEeBUHM 3HAYHO O1JIBINI 3a iXHI BEpPTUKAIbHI MepeMillleHHsI, TOMY 3a a0COJIIOTHI MIBUAKOCTI
IIEHTPIB Mac 3aXBaTHOT'O MPUCTPOIO Ta JCPEBUHU MPHUHAMEMO TiTbKH TOPHU3OHTAILHI CKJIA/IOBI,
T00TO

X, =x+ylcosy
X, = x+ylcosy +@scos(@, + @)= 3)
= X+l cosy + @s(cos @, cos @ — sing, sin @).

OCKITbKH KYTH W 1 @ 3MIHIOIOTBCS B HE3HAYHUX MeXaX, TO MOYKHA IPHUHSTH
siny =y, cosy =1, sinp=¢, cosp=1. Toxi Oynemo maru
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X, =x+yl,;
. . : 4)
X, =x+yl+@s(cosg, —@sing,).

Busznaunmo KiHeTI/I‘lHy Ta HOTeHLIiaJIBHy eHepriIo CHUCTCEMH

T =—mi’ +lml)'cg2 +lm25cf +1Jc¢2 =
2 2
—omi o (5 p1) + 72 (il g (cosgy —psing,)) + 5)

|
+—-J .97
> P

L,
II=mgy, +m,gy. +—ce =
TR ©)
L,
:mlglcosl//+m2g(lcosl//+scos(¢0+¢))+Ec(p )

JUis ckiagaHHsl piBHSHB PyXy CHUCTEMH <«Bi30K — 3aXBaTHHM MPUCTPil — BaHTaX»
BUKOpUcTaeMo piBHsHHS Jlarpanxa qpyroro poxy [10]

doT _of _,.
dt ox ox
d oT oT
——— =0, (7
dt oy Jdy
dor_or_,
dtog dp 7
ne Q., O,, O, — y3aralbHeHi CHIM, sKi BIANOBIJAIOTH Yy3arallbHEHUM KOOpIMHATAM
BIJIOBITHO X, ¥, (.
_ _ n )
Qx - }71; _E) - ZMMB_FO’
oIl . .
0, :_W:mlgl siny +m, glsiny; (8)

oIl . . :
Q¢ = —% =m,gssin (@, + ¢)—c@ =m,gs(sin @, cos @+ cos @, sin @) —c,

ne M — pymiiHWUH MOMEHT TNPHBOJHOTO IBUTYHa (omuCyeThes piBHsSHHSIM Kitocca (9));
U — IEepeAaTOYHe 4YKCIO IPUBOJHOIO MeEXaHI3My; 7] — K.K.JI. IPUBOJAHOTO MEXAHI3MY;

D — niamMeTp TPUBOAHOTO KoJjieca Bi3ka; F, — cuia omopy TeEpeMIllleHHIO Bi3Ka;
g — IPUCKOPEHHS BITLHOTO T iHHS.

M= 2M max
S0, Sw (9)
Se 5o
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1ie o — KOB3aHHS JIBUTYHA, SIKe BU3HAYAETHCS 32 (POPMYIIOL0

2ux
Da,’ (10)

5o =1-

Tyt ®9 — MBHAKICTE iA€AITBFHOTO XOJIOCTOTO XOAy aCHHXPOHHOTO JBUTYHA; Mmax —
MaKCUMaJbHUH MOMEHT Ha Bally IBUTYHA; Sy, — KDUTUYHE KOB3aHHs JABUTYHA.
BpaxoByroun MaiicTh KyTiB ¥ 1 ¢, BUpa3H (8) MOXHA OJATH B TAKOMY BUTJISII

n
=Mu—-F;
Q D ’

Q,/,=(ml+m2)gll//;
Q, =m,gs(sin @, +@cos @) —ce.
(11)
or_or _ o
ox Jdy | 9
oT

Fya —m,@( %+l +@s(cos @, —@sing,)) ssin @,;
4

=—m, (X +y1+@s(cos@, —@)) psing,;

aa—T:mx+m1(x+Wl)+m2 (% +y1+@s(cos@, —@sing,));
i

oT L L :
Wzml(x+l//l)l+m2(x+l//l+(ps(cos¢0 —psing,))l;

? =m, ()'c+l/'/l + ¢s (cos @, — @sin (00))s(cos @y —@sing,)+J.@;
o

d oT
dr o
d oT
i dy

=(m+m, +m,) %+ (m, +m,) [ +m,Ps(cos @, — @sin @, ) —m,s¢@* sin @;

= (m, +m, ) il +(m, +m, ) Py + m, sl (cos @, — @sin @, ) —m,@’ls sin @;
dar
dt 0¢
—@P(x+yl+ @s(cos @, —@sin@,))sin@,) +J Q. (12)

= m,s((i+ 1+ Ps(cos @, — psin @) — @’ ssin @, )(cos @, — @sin @, ) -

[Ticns migcranoBku Bupasis (9), (10), (11), (12) y cuctemy (7), Oyaemo maTu

(m+m, +m,) 3+ (m, +m,) ¥ +m,sp(cos @, —@sing,) -
. _ 2M max /S
m,s@” sin @, = 1 ik u D Fy;

D, S

(13)
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(m, +m,) X+ (m, +m,) y +m,s(cos @, —@sing, ) —
—m,s@’ sing, =—(m, +m,) gy,
m,s((3 + W1+ @s(cos @, —@sin @, ) — @’ssin @, )(cos @, — Psin @,) —
—@(x+yl+ @s(cos @, —@sin@,))sin @)+ J P =—m,gs sin ¢, — (m,gs cos ¢, —c) .

OTpuMaHi PiBHSHHS SBJITIOTH COOOIO0 CHCTEMY TPhOX HEMIHIMHUX JuQepeHItiaTbHIX
PIBHSIHB IPyroro NOpsAKY, siKi HEOOXiJHO po3B’si3aTH YHCEIHbHUMHU METO1aMHU.

[IpencraBumo rpadiku (puc.2) 3HANHICHIX KIHEMaTHIHUX (DYHKIIIH Bi3ka, BAHTAXXHOTO
MPUCTPOIO Ta BaHTaXy IpH Takux napamerpax: m=>5520kr, m;=3400kr, m,=6000kr, /=8 M,
s=1 M, ¢=491800 xH-m/pan, J.=4500 KF-MZ, D =0,2m, u=20, 717=0,8. IIpu po3paxyHkax
BUKOPHUCTAaHO NapameTpu acuHxponHoro asuryna MTK 112-6: P,=5,0 xBt, Mmax=120 Hw,
o= 104,6 pan/c, s,,=0,85.

¢, y pao @, y pao c
A 0.015
0.005 [\
[\ - 0.010
\Vﬁh\ﬁ&w £ = t,c  0.005
‘ ,J 5y /10 715 20 '
0.005 ‘| Y
| 0.005 |
0.010 /1 |
|‘ ,, 0.010
0.0151 1 0.015
\
a) 0)
@, ¥ pao ¢’

Pucynok 2. I'padikn ¢ysHkuii xytiB y — - - -
(BimoOpakeHe TIyHKTHPHOIO JiHi€0) 1 ¢ — —
(BimoOpakeHe  CYIJILHOIO  JIiHi€H0): a) -
nepemileHHs, 6) — UBUAKOCTI, B) — IPUCKOPEHHS.

0.011 Figure 2. Graph of function of angles v — - - -

(dotted line) and ¢ — — (solid line): a) — movement,
6) — velocity, B) acceleration.

0.02
0.03

_

0.04°
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Pucynok 3. I'padiku kinematnuHux QyHKUii Bi3ka — 1, 3aXBaTHOTO MPHUCTPOIO — 2 i BaHTaxKy — 3:
a) WBHUIKOCTEHN; 0) NPUCKOPEHDb

Figure 3. Graphs of kinematic functions of carriage — 1, grip — 2 and cargo — 3:
a) velocity: b) acceleration

3 nmaHmx rpadikiB 0auyMMo, MO MaKCUMaJIbHI aMIUNTYJAH KOJMBaHb BaHTaXy Ta
3aXBaTHOTO MPUCTPOIO CIIOCTEPIraroThCs B KiHII PO3rOHY, MPUOIM3HO depe3 2—3 CeKyH]IH.
ToOGTo micist po3roHy Bi3ka BHHUKAIOTH 3HAYHI KOJHMBAHHS 3aXBAaTHOTO IPHUCTPOIO i
BaHTaXYy, SKi 3aTyXarOTh MPOTITOM, IPUOIH3HO, 15 cexyHn. [le mpu3BOIUTE 10 3MEHIIIEHHS
IPOAYKTUBHOCTI KpaHa, MOKE NMPHU3BECTH JI0 NMEepeBaHTAXEHb JABUIYHA 1 MOTO Kepyrouoro
npucTporo. KpiM Toro, He3HaYHI KOJIMBAHHS CIIOCTEPIralOThCS 1 IPOTATOM YCTAICHOTO PYXY
Bi3Ka.

M, Hu
120
Pucynok 4. I'padik 3mian
115 Py fHOTO MOMEHTY Ha BaIly
.l MPUBOJTHOTO ABUTYHA
Figure 4. Graphs of driving

torque change on the shaft of
the driving motor

110 ¢

105 ¢

10 15 20

]

[IpoBeneHo anHami3 3MiHM PYyIIIHHOTO MOMEHTY B MpoIleci MycKy ABUTYHA (puc.4). 3
puc.4 OGaynmo, IO HAKOUTBIMMA MOMEHT Ha Baly JBHTYHAa Ma€ MicIleé y MOMEHT HOro
BMHKaHHS. e cympoBOKyEThCS ylapaMu y KIHEMAaTHYHUX 3a4eTUICHHSX MPUBOJIA Bi3Ka, IO
MOJKe TPH3BECTH JIO HOro TOJOMKH. Hamami cmocrepiratoTbess KOJNWBAHHS PYIIIHHOTO
MOMEHTY 1 foro ctabinizaiist HacTae micis 15 cekyHa pyXy.

BucHoBkH. AHati3 MpoBeIeHUX JOCIDKEHD IMOKa3ye, IO HEOOXiTHO oOMpaTH Taki
PeKUMHU TMYCKy JBUTYHA, SKi O CYMPOBOJDKYBAIHWCS IUIABHUM MPHUKJIAJAHHSM MTPUBOTHUX
3ycuiib. Lle 103BONMTE eKCIUTyaTyBaT KpaH y MEHIN HarpyXeHoMmy pekumi. KonmBaHHS, 1110
BUHUKAIOTh TPHU pycCl Bi3Ka, HABAaHTAXYIOTh KaHAT Ta METAJIOKOHCTPYKIiIO KpaHa. Tomy
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HeOOXiTHO TaCUTH KOJMBAHHS MPHU MEPEeXiTHUX PEKUMaX PyXy Bi3Ka, a MPOTSITOM YCTAICHOTO
PYXy BOHH MarOTh OYTH BiJICYTHI.

Conclusions. Analysis of the research shows that it is necessary to select the following
modes of starting the engine, which would be accompanied by applying a smooth driving
efforts. This will allow the crane to operate less intensively. Fluctuations that occur when
moving the carriage, overload the rope and metal construction of crane. That is why it is
necessary to put out fluctuations in transient conditions of the carriage movement and during
standard movement they must not occur.
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