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A mathematical model of the tower crane’s slew is developed under the condition of constant
velocity of the trolley motion along the boom. The model is derived from the second-order Lagrange
equations, calculates the tangential and radial load oscillations on a flexible suspension. An analysis
of the system motion with the trolley movement to and from the tower has been conducted. A set of
estimated figures has been proposed, which made it possible to establish the level of dynamic and
energy load of the crane slewing mechanism, as well as to analyze the evolution of the load
oscillations on a flexible suspension.
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Introduction

Tower cranes are widely used in many sectors of the farming industry.
They are especially often used in the construction of civil engineering objects.
The tower crane slewing mechanism is one of the main. The effective
exploitation of this mechanism is related to the dynamic and energy processes
that occur in the transient modes of mechanism motion. It is during the starting
and braking of the slewing mechanism in the crane elements (shafts, toothed
gears, clutches, etc.), the considerable dynamic loads occur. They have a
negative impact on the longevity of the mechanism. In addition, one of the
important issues for research is the energy efficiency of the crane slewing
drive mechanism. These and others factors cause the need to study the
dynamic and energy processes in the crane slewing mechanism. Previous
studies have found that they have the greatest impact during transient modes of
motion.

Moreover, we specify a factor that has a negative impact on the crane
performance - the load oscillations on a flexible suspension. In case of crane’s
slew, the load oscillations occur in the plane of trolley motion and
perpendicular to it. In order to develop methods for their elimination, it is
necessary to conduct their study and establish the basic laws of their origin and
development.
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Analysis of publications

In the paperwork of Vaynson A.A. [1] the calculation of dynamic loads
during the operation of the crane slewing mechanism is performed on the basis
of a dynamic model with concentrated masses. The integration of the
corresponding mathematical model under the condition of starting motion from
the quiescent state and with constant driving force allowed to obtain an
expression for determining the elastic torque in the crane slewing mechanism.
Its analysis allowed the author to make recommendations for reducing
dynamic loads in crane elements: it is necessary to increase the inertial features
of the drive and to reduce the excess torque (force) of the drive mechanisms.
The first method is constructively lies in the insertion of the flywheel to the
kinematic chains. This leads to an increase in the start-up time of the
mechanisms, which adversely affects its energy indicators. Therefore, the
rational way to ensure an acceptable level of dynamic loads at low energy
consumption in drive is to control its excessive torque.

In the research of Gaidamaka V.F. [2] the expression of determining the
maximum dynamic loads is carried out in the same way: first of all, a dynamic
model of the mechanisms is executed, equations of motion of the system
reduced masses are recorded, and then the equations are integrated at zero
initial conditions and the condition of constancy of the driving factor (torgue
or force). The difference in calculations with previous work lies in the moment
which is created by the friction forces,the crane tilt and wind. Aside from this,
Gaydamaka V.F. did not take into account the effect of centrifugal force in the
calculations.

In Scheffler M., Dresig H., Kurt F. [3] the emphasis is on establishing the
magnitudes of the deviation of the load from the vertical in radial and
tangential directions. This approach is due to the fact that in many calculation
methods for the elements of tower cranes it is necessary to know the values of
the angles of alteration of the load from the vertical. The authors have shown
the results of their own researches and compared them to what is already
known.

In general, the approach of determining the dynamic loads at which the
driving force is assumed as constant is quite simplistic. It does not reflect the
features of the mechanical characteristics of the drive mechanisms, which in
many cases are a significant factor in the study of the dynamics of the
mechanisms of the crane’s slew and changes in load’s fly out.

Gohberg M.M. in his work [4] indicated the combinations of load actions
that should be used in the calculations of tower crane mechanisms: self-weight,
load weight with gripping unit ,inertial loads, tilt forces, forces caused by wind
loads, as well as mounting and transport loads. The author points out that in
the case of low angular velocity of crane’s slew, it is permissible to use
expressions related to the dynamics of two-mass systems described in [5, 6]. In
this case, the excess effort must be replaced at the appropriate time divided by
the magnitude of load’s fly out.

One of the important factors that determine the dynamic loads in tower
crane eclements is the load oscillation on a flexible suspension. Such
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oscillations are complex
in nature and occur in
radial and tangential
directions. In addition,
they cause difficulty in
load positioning . Their
elimination is quite a
difficult task, which
experienced crane
operators managed to
cope with by constant

\ monitoring of  the
¢ AT ™8 mechanisms of tower
X ~ Y crane’s slew and change
of load’s fly out. In order

Fig. 1. Dynamic model of the slewing mechanism with to establish the main

steady state mode of the fly out change factors that influence
their appearance, it is necessary to synthesize mathematical models of the joint
masses motion of the tower cranes mechanisms.

In [7, 8], a mathematical model of a crane’s boom(jib) system with two
degrees of freeness was developed. The authors examined the uniformly and
non-uniforly accelerated tilt of the guide link (crane’s boom). Nonlinear
models have also been used to study oscillations on a flexible suspension [9].

In [10], the dynamics of a tower crane under the condition of pendular load
oscillations (they are modeled as linear) was investigated. The construction of
the tower crane is described with the finite element method. Dynamic load
analysis was performed using an author-developed approach based on
numerical method. It is established that the crane metal structure is most
responsive to the influences which have the frequencies of the first several
harmonics of metal structure oscillations and load oscillations as well. In
addition, dynamic loads tend to increase as the angle of pendulum (load)
deflection increases too.

In [11], a crane rotation simulation was performed based on the Euler-
Lagrange equations. The analysis of the obtained results made it possible to
trace the nature of the pendulum oscillations of the load on a flexible
suspension and to compare them with the results of experimental studies. To
minimize the load oscillatons, authors have come up with a method for
controlling the driving torque of the crane slewing mechanism.

In the dissertation work [12] the influence of pendulum load oscillations on
mechanical stresses of crane metal structure for different modes of its motion
is investigated. On the basis of the analysis the author made a recommendation
as to the position of the trolley on the boom in the condition of wind gusts for
reducing the risk of emergency crane collapse.
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Purpose and research task statement

The purpose of the work is to establish the level of dynamic and energy
load of the tower crane slewing mechanism, as well as to study the load
oscillations on a flexible suspension. To achieve this goal it is necessary to
solve the following problems: 1) to develop a dynamic model of the tower
crane slewing mechanism; 2) to synthesize a mathematical model, which is
suitable for research, by using a second-order Lagrange equation; 3) to analyze
the dynamic and energy load of the tower crane slewing mechanism; 4) to
investigate the appearence and evolution of the load oscillations on a flexible
suspension and to determine the main factors that affect it.

Research results

The tower crane in the process of starting-up the slewing mechanism in
steady-state mode of fly out change will be presented as a holonomic
mechanical system (Fig. 1), which consists of absolutely rigid bodies, except
for load flexible suspension, which oscillates in the vertical plane of fly out
change and when crane is slewing. In the selected dynamic model of the crane
we have generalized coordinates, accepted angular coordinates of the crane
slew ¢ and the load y, as well as the linear coordinate of the load movement
thoughout the plane of fly out change x.

For such a dynamic model, we define the deviation of the load rope from
the vertical. In this case, we assume that the deviation of the rope from the
vertical, as in the plane of fly out chang, as the crane slew is negligible and
does not exceed 12°. Therefore, the arc load movement during its oscillations
is replaced by straight lines. As a result we will have next:

AB=x—-vt, e))
BC=x(¢-y), (2)
AC=~AB*+BC?~24B-BC-cos ZABC, (3)

where ¢ is time; v - steady linear speed of the trolley movement.
For expression (3) we will find Z4BC :
LABC:”_(W_(/)):” l//—(D (4)
2 2 2
As a result of substituting dependencies (1), (2) and (4) into expression (3)
we will obtain:

AC= \/(x—vt)z 22 (=) —2x(x—v)(W—) cos(%—gj =

- \/(x—vt)2+x2(l//—(p)2—2x(x—vl)(l//—qo)sin(W;(pj.

Then the angular coordinate of the deviation of the load rope from the
vertical is determined by the dependence:

\/(x—vt)2+x2(l//—(p)2—2x(x—vt)(l//—(0)sin(W_(p)

2
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The motion level of the crane’s boom system is represented by the dynamic
model shown in Fig. 1, we construct on the basis of the Lagrange equations of
the second order:

d oT JoT _ oIl

dtop dp ¢ 9’

dt oy Jdy Iy ©
aor or__an
dt ox Ox ox’

where T, II is the kinetic and potential energy of the boom system,
respectively; Qg is a non-potential component of the generalized force that
corresponds to the generalized coordinate ¢ of the crane’s slew.

The potential energy of the boom system looks like:

IT=m gL+mgL(1—cos V), (7N
where m;, m — respectively the weight of the trolley and the load; g -
acceleration of free fall. Taking partial derivatives of expression (7) with
respect to the dependence (5) of the generalized coordinates ¢, y and x, we
have:

%z—%xvt(x—(p), (8)
g—ll;:%xvt(x—(p), 9)
a_mg, . (x—¢)
L (e-vt(1=—P0), (10)

The kinetic energy of the boom system is expressed by next dependency:
I 1 1 1
T=2" v +—m? 1+ @* ) +—L¢* +—m(3> +x259°). 11
D221(¢)22¢2( V) (11)

Taking the necessary systems (6) derivatives from the expression (11), we
obtain:

aT T . oT .,
o, Lo, Ly, 12
o oy ek MV (12)
aT_ 2.2 . 2. .
a_.—ml" O t+Lo=(my-et+1,), (13)
¢
al=mx2¢, (14)
oy
aa—izmx, (15)
AT v+ L)+ 2m 16, (16)

dt 9
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d oT

Ew=mx2l])+2mxfcl//, a7
d oT
2 ik 18
i ox (18)

The nonpotential component of the generalized force which corresponds to
the generalized coordinate ¢ is determined by the following dependency:

_ 2M ,un(l+as,, )
G )
1—(pu/w,) Ser
where M, maximum (critical) moment on the electromotor’s shaft of the

M,, (19)

+2as,,

crane slewing mechanism; u and # are respectively the gear ratio and the
efficiency coefficient of the crane slewing mechanism; @, synchronous
angular velocity of the rotor of the electromotor of the crane slewing
mechanism; s, critical slippage of the engine of the slewing mechanism,

which is determined by the following dependency:
50 = (1210 24221y, (20)
20

where g = R/ R, dimensionless parameter, which is the ratio of the resistance
of the stator R to the resistance of the rotor R,’, reduced to the stator windings;
®,,n the nominal angular velocity of the motor rotor; A=M.,/M,,, is a torque

capacity; M,,,, the nominal moment on the motor shaft.

After substitution of expressions (8)-(19) to a system (6) we obtain a
system of differential equations of start-up of the crane slewing mechanism at
the steady state mode of the load trolley motion:

2M ,un(l+as,,.)

Lyt 2 )ip+ 2m o= M+ E(y=g);

5, (=214 (1= v 2as,,
@, @y

mx’ tf/+2mx5cl//=%xvt(l//—(p); (21)
T =%(x—vt(1("’—;”))).

In the following presentation with the model (21), the results of the process
of starting-up the tower crane slewing mechanism with the steady state mode
of movement of the load trolley were analyzed.

All calculations were made for the parameters of the crane Liebherr 140 he
[13], which are shown in the Table 1.
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Table 1
Calculated parameters of the tower crane Liebherr 140 he
Parameter Unit of Value
measurement
Trolley weight, m, kg 300
Load weight, m kg 5000
The moment of inertia of the turnable part of the 2 6
. . . . kg'm 5,5-10
crane relative to its own slewing axis, [,
The moment of inertia of the rotor of the
electromotor of the load fly out change mechanism, kgm? 0,3
1
The moment of inertia of the rotor of the Keom 0.056
electromotor of the crane slewing mechanism, /, £ ’
The force of static resistance of the trolley N 5500
movement, W
Ele moment of static resistance of the crane slew, Nm 50100
0
The maximum torque on the electromotor shaft of
. . . Nm 120
the drive mechanism slewing crane, M.,
The dimensionless parameters of the electromotor
. : . - 0,2
of the driving mechanism slewing crane, @,
The dimensionless parameters of the electromotor
. : . - 0,2
of the driving mechanism slewing crane, a,
Critical slippage of the engine of the crane slewing i 037
mechanism s, ’
The gear ratio drive mechanism of the crane slew,
U - 1429
2
The synchronous angular velocity of the engine
. . rad 104,7
shaft of the slewing crane mechanism, w,
The drum diameter of the slewing crane m 03
mechanism of the trolley movement, D ’
The length of the load’s flexible suspension, L m 10
Efficiency coefficient of the drive mechanism of i 0.80

the crane slew, 7,

In order to analyze the tower crane slewing mode with the constant velocity
of the load trolley motion we have to build following graphical dependencies

(Fig. 2).
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Fig. 2. Graphical dependencies of the crane start-up mode characteristics:
(a) velocity of the trolley (grey line) and the load (black line) in
the radial direction at xp=3 m;
(b) the same at xp=30 m;
c¢) angular velocity of the tower (black line) and the load (grey
line) in the tangential directionx(=3 m;
d) the same x,=30 m;
¢) the phase portrait of radial load oscillations at x¢=3 m;
f) the same at x)=30 m;
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Fig. 2 (continuation). Graphical dependencies of the crane start-up mode characteristics:
g) the phase portrait of the load oscillations in the tangential
direction at xo=3 m;
h) the same at xp=30 m;
i) the driving torgue of the drive mechanism of the tower at
Xo=3 m; j) the same at xo=30 m;
k) the drive power of the crane slewing mechanism at xy=3 m;
1) the same at xp=30 m

Graphical dependencies in Fig. 2 we show as follows: in the left column
the graphs correspond to the case x¢=3 m, and in the right - case x;=30 m.

To establish the quantitative characteristics of the movement of the system,
the numerical data that were entered in the Table 2, were calculated.
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Table 2
Kinematic, power and energy characteristics of start-up of the tower crane
mechanism
Parameter Unit of Value at x,

measurement 3m | 30m
Max1mur? torque value of the drive of Nm 137253
the crane’s slew
The max1m?m value of the drive power W 6993
of the crane’s slew
The maximum amplitude of the load
deviation in the radial direction m 0,294 0,336
Max1mgm a.mphtude of load deviation in rad 0.0501 | 0.0138
tangential direction ’ ’
The root-mean-squ,are value of the drive Nm 112213 | 111001
torque of the crane’s slew
The root-me’:an-square drive power value W 4456 4837
of the crane’s slew
The root-mean-square deviation value of
the load in the radial direction m 0,00093 1 0,10744
The root-mean-square deviation value of
the load in the tangetial direction rad 0,0306 10,0076

Analysis of the graphical dependencies, which are presented in Fig. 2, and
the numerical data entered in the Table 2, shows that the maximum torque and
power values for the cases xp=3 m and x;=30 m are the same. This derives
from the overload capability of the crane slewing mechanism. In addition,
practically equal root-mean-squere values of these characteristics can be
observed.

For the case xy=30 m, as we can see from Fig. 2 (j) and Fig. 2 (1), the torque
and power of the mechanism’s slew after the end of transient mode are higher.
Thus, the magnitude of the initial load fly out causes the increase of these
characteristics. This is due to the fact that with increasing the distance of the
trolley relative to the rotational axis, firstly, the moment of system inertia
increases, and secondly the angular speed of the crane’s slew decreases. To
compensate the speed reduction, it is necessary to provide the system with
angular acceleration. The product of this acceleration at the increasing moment
of inertia caused by the increase in the distance from the trolley to the axis of
the crane’s slew, causes an increase (compensating) of the engine driving
torque. Moreover, the torgue increase causes a slight decrease in the angular
speed of the crane’s slew (Fig. 2 (c) and (d)).

Inspite of this, a larger value of x, causes an increase in the amplitude of
the pendulum oscillations of the load in the radial direction. Here, the reason
for such an increase is the centrifugal force, which will be as much as value of
xo. Indeed, as can be seen from Fig. 2 (f), the load over the time deviates more
radially from the vertical due to the centrifugal force.
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On the other hand, the amplitude of the load oscillations in the tangential
direction is smaller, which is obviously the reason that, in the case of x;=30 m,
the crane mechanism's starting time is much longer (again, this is caused by an
increased moment of the system inertia at a larger value of x;). Similar
tendencies are observed when analyzing the root-mean-square values of the
load oscillations in both planes.

Conclusions

1. A dynamic model and an adequate mathematical model for the
movement of the crane slewing mechanism with a constant velocity of the
trolley movement have been developed. The torgue (force) of the drive is
modeled using the Kloss equation.

2. A complex of kinematic, power and energy parameters were proposed,
which made it possible to characterize the movement of the cranes lewing
mechanism. These metrics reflect maximum and root-mean-square values.

3. The analysis of the modes of joint movement of mechanisms is carried
out and it is established that the drive of the mechanism’s slew during the
transitional mode of movement is overloaded by torque and power. The set
power value of the crane slewing mechanism is proportional to the distance
from the trolley to the rotational axis. This is the same what refers to the drive
torgue.

4. The maximum value of the total power of the mechanisms of the load
fly out change and the crane’s slew at different x, is approximately the same,
although the moment of occurrence of the maximum depends on the value x,.

5. The basic regularities of the load oscillations appearance in the radial
and tangential directions, which are in the subsidence of oscillations, which are
related to the damping ability of gears, the action of centrifugal force and
Coriolis force.
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Cmamms naodiiwna 15.08.2020

Jlosetixin B.C., Pomacesuy FO.0., Kypxa B.I1., Mywmun J].1., [louka K.I.
AHAJII3 TPOLIECY ITYCKY MEXAHI3MY IOBOPOTY BAIITOBOI'O KPAHA IIPU
YCTAJIEHOMY PEKUMI PYXY BAHTAKHOI'O BI3KA

Po3pobiieHo TUHAMIYHY MOEIb IIPOLECy MOBOPOTY OAIITOBOrO KpaHa 3 Gal0YHON CTPIJIO
IPH yMOBI, [0 BAaHTAXXHHH BI30K BUKOHYE PyX i3 YCTaJeHOI MBHAKICTIO. Ha OCHOBI piBHSHB
Jlarpanxa Japyroro poiy OTPUMAHO BiJIOBiJHY MareMaTHYHY MOJEIb, SIKa, KPIM TOr0, OIHUCY€E
KOJIMBAHHS BAaHTaXy Ha THYYKOMY MifgBici y TaHreHUIaJbHOMY Ta pafialbHOMY HampsMKax.
PywiiiiHuii MOMEHT, IPUKJIAJICHUI 10 CHCTEMH, 3MOJICIIbOBAHO 3a JOMOMOrow piBHsAHHs Kiocca.
OTpuMaHa MaTeMaTHYHa MOJENb  HPEICTABIAETCS  CHCTEMOK  YOTHPHOX  HENIHIMHUX
nudepeHniagbHUX PIBHAHb APYroro MOPSAKY, TOMY Ui 1i iHTErpyBaHHS BUKOPHCTaHO YHCENbHI
MECTOIH. Hﬂﬂ Ol.liHKl/l piBHﬂ Lll/lHaMi’-lHl/lX Ta CHEPreTUYHMUX HABAHTAXCHb Yy €JIEMCHTaxX CHUCTEMHU
3aIPOIIOHOBAHO KOMILIEKC [TOKa3HHUKIB, SIKi Bi1OOpakaloTh MaKCHMaJbHI Ta CepeAHbOKBAAPATHYHI
BEJIMYHMHU. 3aNPOIIOHOBAHO PO3IJISAATH CBOJIIOLII0 CHCTEMH ISl ABOX BHITQIKIB: MOJOKEHHS Bi3Ka
61151 GawTH (Bi30K pyXa€eThesl Bifl HEl) Ta MOJIOXKEHHS Bi3Ka 011 KiHIS cTpUTH (Bi30K PyXaeThes 10
Gamrru). [yt 000X BUMAAKIB OyJI0 pO3paxoOBaHO 3HAYCHHS OLIIHOYHMUX MOKA3HHKIB, sKi pa3oM i3
BIAMOBIAHUMH rpadiyHUMHU 3aJCKHOCTSIMH J03BOJIMIIM BUSIBUTH HalOUIbII 3HAYMMI (DaKTOpH, 110
MalTh BIUIMB Ha CHEPreTHYHI, AMHAMIYHI Ha KIHEMAaTHYHi rpouecu cucteMu. Jlo HUX, 30KpeMa,
HaJeKaTh: BiLEHTpoBa cuia, cwia Kopiomica, nemndyioda 30aTHICTh ACHHXPOHHOIO
CJICKTPONPHBOlY MEXaHi3My MOBOPOTY KpaHa. AHaJli3 KOJMBaHb BaHTaXy Ha FHYYKOMY IiJBici,
SIKHH IPOBEACHUI Ha OCHOBI (pa30BHX MOPTPETIB y IUIOLIHMHI PyXy Bi3Ka Ta IEpPIEHIUKYIAPHO Tif,
BUSIBUB X 3aJIOKHICTh BiJl I0YaTKOBOrO MOJIOKEHHS Bi3ka Ha crpimi. Kpim Toro, Bia 1poro
(hakTopa 3HAYHO 3aJIOKATh CIOKHBAHA MOTYXKHICTH NPUBOAY, YACTHHA KOl BHTPAYAETHCS HA
MO/I0JIAHHSI BIILCHTPOBOI CHJIM, IO JIi€ Ha Bi30K i BAHTAXK.

KurouoBi cjioBa: mMatemMaTtuyHa MOJENb, MOBOPOT, OAIUITOBHUH KpaH, KOJMBAHHS BAaHTaXY,
aHaJi3, piBHsHHS Jlarpamxa.

Loveikin V.S., Romasevych Yu.O., Kurka V.P., Mushtyn D.1I., Pochka K.I.
ANALYSIS OF THE START-UP PROCESS OF THE TOWER CRANE SLEWING
MECHANISM WITH A STEADY STATE MOTION MODE OF ITS LOAD TROLLEY

A dynamic model of the process of a tower crane slew with a saddle jib has been developed,
provided that the load trolley moves at a constant velocity. On the basis of the second-order
Lagrange equations, a corresponding mathematical model is obtained, which also describes the
oscillations of the load on a flexible suspension in tangential and radial directions. The driving
torque applied to the system is modeled using the Kloss equation. The obtained mathematical
model is represented by a system of four second-order nonlinear differential equations, so
numerical methods are used to integrate it. To assess the level of dynamic and energy loads in the
system elements, we propose a set of indicators that reflect the maximum and root-mean-square
values. It is suggested to consider the evolution of the system in two cases: the position of the
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trolley near the tower (the trolley moves from it) and the position of the trolley near the end of the
boom (the trolley moves towards the tower). For both cases, the values of the estimation
parameters were calculated, which together with the corresponding graphical dependencies
allowed to identify the most significant factors that have an impact on the energetic, dynamic and
kinematic processes of the system. In particular, these include: centrifugal force, Coriolis force,
damping ability of the asynchronous electric drive of the crane slewing mechanism. The analysis
of the load oscillation on a flexible suspension, which was carried out on the basis of phase
portraits in the plane of the trolley movement and perpendicular to it, revealed their dependence on
the initial position of the trolley on the boom. Apart from this, the drive power consumption, a part
of which is spent on overcoming the centrifugal force which acts on the trolley and the load,
significantly depends on this factor.

Keywords: mathematical model, slewing, tower crane, load oscillations, analysis, Lagrange
equations.

Jlogetixun B.C., Pomacesuu FO.A., Kypxa B.I1., Mywmuin J[.1., [louxa K.H.
AHAJIN3 TPOLECCA MYCKA MEXAHU3MA ITOBOPOTA BAIHIEHHOI'O KPAHA
IIPH YCTAHOBUBIIEMCS PEKUME JABUKEHUS I'PY30BOM TEJEXKH

PaspaGorana JuHaMH4ecKass MOJCIb Ipolecca MOBOpOTa OAalIEHHOr0 KpaHa ¢ Oallo4HON
CTPEJIOH TpU YCIIOBHM, YTO Tpy30Bas TEIEKKA BBIIOJIHICT JBM)KCHHUE C YCTAaHOBHBLICHCS
ckopocThto. Ha ocHoBanuu ypaBHeHuil Jlarpanxa BTOpPOro poja IHoJIydeHa COOTBETCTBYIOIIAS
MaTeMaTH4eCKasi MOJIeJIb, KOTOpasi, KPOME TOT0, OIHCHIBACT KOJIeOaHus Ipy3a Ha THOKOM HOABECe
B TAHI'CHIIMAJIbBHOM U paauaJIbHOM HalpaBJICHUAX. IlBl/l)KyIJ_U/lﬁ MOMCHT, l'lpl/lJ'IO)KCHHbli"l K CUCTEME,
CMOJEIUPOBaH ¢ moMoublo ypaBHeHus Kiocca. IlomydeHHass MaTemaTHueckash MOJeENb
IPEACTABISIETCS. CHCTEMOIl YeTBIPEX HENMHEHHBIX IU((epeHHaNbHbIX ypaBHEHUI BTOPOro
nopsiAKa, MO3TOMY IJid €€ MHTECIPUPOBAHHUA HCIIOJIB30BaHbI YHUCIICHHBIE METOMBI. Il.l'lﬂ OLICHKH
YPOBHA JUHAMHUYECCKUX U DHEPIr€TUYCCKUX HAIrPY30K B DJIEMEHTAX CUCTEMBI IIPEIIOKEH KOMILIIEKC
l'lOKa3aTeJ'leﬁ, OTpaXarIIUX MaKCUMAaJIbHbBIE U CPCAHCKBAAPATUYHBIC BCIUYUHBI. l'lpezlnonceﬂo
paccMaTpUBATh IBOJIOLUIO CHCTEMBI IS ABYX CIIy4aeB: MOJOKECHUE TEICKKH y OalIHU (TeleKKa
JIBIDKETCSI OT HEe) U IOJIOKEHUE TEJIKKH Y KOHLA CcTpeibl (Tenexka JBrkercs k Oamne). s
o0oux ciiyyaeB OBLIO PacCUMTaHO 3HAYCHHE OLCHOYHBIX IOKa3aTeseil, KOTOpble BMECTE C
COOTBETCTBYHOIIUMHA rpa(buqecxumu 3aBHUCUMOCTSIMH I103BOJIMJIM BBIABUTH HaMGOJ’[CC 3HAYMMbIC
d)aKTOpbl, BJIMAIOIIME Ha DJSHEPreéTUYCCKUE, AUHAMHUYECCKHE Ha KHHEMATUYCCKUE IIPOLECCHI
cucrembl. K HHMM, B 4YacTHOCTH, OTHOCSTCS: LeHTpoOexHas cuia, cuia Kopuosca,
nemn¢upyomas Croco0HOCTh ACHHXPOHHOIO 3JIEKTPONPHBOAA MEXaHM3Ma II0BOPOTa KpaHa.
Ananu3 xonebaHuil rpy3a Ha THOKOM IOABece, KOTOPBIH MPOBEACH Ha OCHOBE (ha30BBIX TOPTPETOB
B IUIOCKOCTU IBMXEHMS TEJIOKKH M IEPHEHAUKYJISIPHO ed, OOHapyXui HMX 3aBUCUMOCTb OT
HAYaJIbHOrO MOJIOKEHUSI TEIeKKH Ha crpene. Kpome Toro, or srtoro ¢axropa 3HAYHTEIEHO
3aBHCHT IOTpediseMas MOLIHOCTh NPHBOAA, YacTh KOTOPOW PACXOAYETCS Ha IPEONOJICHUE
LEHTPOOCKHOM CHIIBI, IICHCTBYIOLICH Ha TEJICKKY U IPY3.

KiroueBble cj10Ba: MaTeMaTnyeckass MOJ€lIb, N3MEHEHUE BbLJIETA, COBMEIICHUE JIBHIKCHHIA,
MaHMIIYJIATOp, ypaBHeHue Jlarpanxa BTOporo posa, IHHAMHYECKHE HATPY3KH, KOJIEOaHHs IPpy3a.

YK 621.87

Jlogetixin B.C., Pomacesuu FO.0., Kypxa B.I1., Mywmun /1., [louxa K.I.

AHaui3 mpomecy mycKy MeXaHi3My MOBOPOTY 0AIITOBOI0 KpaHa NMPH YCTAJTEHOMY PeKHMI
PyXy BaHTakHOTo Bi3ka // Omip MarepiaiiB i Teopis cropya: Hayk.-tex. 30ipH. — K.: KHYBA,
2020. — Bum. 105. — C. 232-246.

Pospobneno mamemamuyny Mooenb NOGOPOMY OAWIMO6020 KpaHa Npu YMOSI NOCMIUHOL
weuokocmi pyxy eiska no cmpini. Mooenw, ska ompumana na ocHogi piensans Jlaepamndica opy202o
poOy, 6pAX08yE MAHIeHYiaibHi ma paodianbHi KOMUBAHHSA GAHMAICY HA 2HYYKOMY NIOGICI.
IIposedeno ananiz pyxy cucmemu npu yMmo6i nepemiwjeHHs 6i3ka 00 Oawmu ma 6i0 Hei.
3anpononosano komniekc OYiHOYHUX NOKAZHUKIB, SIKi 0aIU 3MO2Y 6CMAHOBUMU PIGeHb OUHAMIYHOT
ma enepeemuyHOl HABAHMANCEHOCMI MeXAHIZMY NOBOPOMY KpAHA, A MAKONC NPOAHANIZyeamu
€60.110Yi10 KOIUBAHb BAHMAICY HA 2HYYKOMY NiOGICI.

L. 2. Bi6miorp. 13 Ha3s.
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UDC 621.87

Loveikin V.S., Romasevych Yu.O., Kurka V.P. Mushtyn D.I., Pochka K.I.

Analysis of the start-up process of the tower crane slewing mechanism with a steady state
motion mode of its load trolley// Strength of Materials and Theory of Structures: Scientific-and-
technical collected articles — Kyiv: KNUBA, 2020. — Issue 105. — P. 232-246.

A mathematical model of tower crane’s slew under the condition of constant velocity of the
trolley motion on a boom has been developed. The model, derived from the second-order
Lagrange equations, takes into account the tangential and radial load oscillations on a flexible
suspension. An analysis of the system motion with the conditions of the trolley movement to and
from the tower. A set of estimation indicators, which made it possible to establish the level of
dynamic and energy load of the crane slewing mechanism, as well as to analyze the evolution of
the load oscillations on a flexible suspension has been proposed.

Fig. 2. Ref. 13.
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Jlogetixun B.C., Pomacesuu FO.A., Kypxa B.I1., Mywmuin J[.1., [louxa K.H.

AHaIU3 mpouecca MycKa MeXaHH3Ma MOBOPOTAa OAIIEHHOr0 KPaHa NPH YCTAHOBHBIIEMCS
pexuMe ABHKeHUs TPY30Boii Tesieskku // CONpoTHBIICHHE MATEPUAIOB U TEOPUS COOPYIKEHUH:
Hay4.-TexH. cOopH. Beim. 105. - K.: KHYCA, 2020. — C. 232-246.

Paspabomana mamemamuyeckas MoOelb NOGOPOMA OAWEHHO20 Kpana npu yCioeuu
NOCMOSAHHOI CKOPOCIU  08UdICEHUs. menedicku no cmpene. Moodens, noayuennas na o0chose
ypasnenuil Jlaspansica emopoco pooa, yyumuieaem maneHYuanbhble U paouasbhvle KoaeOanus
epy3a na eubkom noosece. IIposeden ananusz OBudCeHUsi CUCMEMbl NPU YCIOGUU NEPEMEUeHUs.
menedcku Kk bawine u om nee. IIpednodicennviii KOMNIEKC OYEHOUHBIX NOKA3amMenel, no360.ul
YCManosumy ypoeens OUHAMUYECKOU U IHePeMUHECKOU HASPYICEHHOCIU MEXAHUIMA NOBOPOMaA
Kpana, a maxoice npoaHatu3uposantv 380104 UI0 Koaebanuii epy3a Ha 2ubKom noosece.
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