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Abstract. Gripper devices with weights close to the payload weight are used when jib cranes perform installation work on
complex structures. For such cases, the flexible payload suspension is represented by a double mathematical pendulum model.
The paper deals with the dynamics of the slewing mechanism of a jib crane with a flexible payload suspension in the form of a
double pendulum. The purpose of this study is to construct a mathematical model and perform a dynamic analysis of the jib
crane slewing mechanism with a double mathematical pendulum payload suspension. The slewing mechanism is represented by
a dynamic model with four degrees of freedom (4-DoF). Based on this model, a mathematical model of the jib crane slewing
mechanism is constructed using Lagrange equations of the second kind, forming a system of second-order ordinary differential
equations. In this model, the driving torque of the electric motor is described by its dynamic mechanical characteristic. As a
result of numerical solving of the equations, the kinematic, dynamic, and energy characteristics of the jib crane slewing
mechanism are determined. The study investigates the main movement of the drive mechanism, as well as high-frequency
oscillations of drive elements and low-frequency oscillations of the payload and gripper on the flexible suspension. It is revealed
that the dynamics of the slewing mechanism depend on the nature of the driving torque change, while low-frequency oscillations
of the payload and gripper practically do not dampen and continue throughout the entire movement cycle.

To reduce dynamic loads and high-frequency vibrations in the drive transmission mechanism, as well as low-frequency
vibrations of the gripping device and load on a flexible suspension, it is recommended to select modes of smooth change of the
drive torque during start-up and braking, which ensure the desired movement of the load on a flexible suspension.

Keywords: jib crane, slewing mechanism, double pendulum, oscillatory processes, driving torque, dynamic loads.

Introduction. The efficiency of using jib cranes largely depends on increasing their productivity
and reliability during loading, unloading, transport, and installation operations. One way to increase
the reliability of jib cranes is to identify actual loads and establish directions for their reduction.
Gripper devices, whose weight is close to the weight of the payload, are frequently used for installation
work of complex structures. In such cases, the flexible suspension is represented as a double
mathematical pendulum. There is a necessity for mathematical modeling of the movement of
mechanisms, specifically the slewing mechanism, and conducting its dynamic analysis for cranes with
such a suspension design

Analysis of publications. In [1] a dynamic analysis of a tower crane was performed using the
multibody modeling method, taking into account the flexibility of the boom, traction ropes, and
hoisting mechanism. The authors demonstrated that neglecting the elastic properties of crane structural
elements leads to a significant decrease in peak dynamic loads, especially during transitional starting
and braking modes. The authors of [2] investigated the dynamic behavior of a jib crane, considering
the spatial geometry of the payload fixed on a flexible suspension and a multi-rope system. The
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research results showed that the shape and eccentricity of the payload have a significant impact on
oscillatory processes and dynamic loads in hoisting mechanisms.

Work [3] developed a mathematical model of a fail-safe crane mechanism, which allows for the
evaluation of the impact of operating modes and corresponding damping elements on the magnitude of
dynamic loads. Researchers proved that the use of hydraulic or controlled dampers can significantly
reduce peak dynamic loads. The authors of [4] analyzed the dynamics of industrial cranes under
eccentric loading and proposed control methods to reduce oscillation amplitude. The results obtained
are important for improving the safety and durability of crane structures.

In study [5], an analysis of the dynamic stability of tower cranes used for the installation of wind
turbines was performed. It was shown that the combined action of wind and inertial loads can lead to
critical operating modes not accounted for by standard static calculations.

Having developed a mathematical model that considers payload movement and the interaction of
structural elements, the authors of [6] conducted a dynamic analysis of a tower crane. They performed
modal analysis, evaluated natural frequencies, oscillation modes, and force reactions, which allows for
the identification of critical points and the assessment of dynamic loads on safety and efficiency. This
source is essential for understanding tower crane mechanics and serves as a basis for research on
payload movement control to counteract oscillations.

Work [7] developed a mathematical model of a crane with a double pendulum using Lagrange
methods to describe the motion of all system links. Vibration control methods were proposed to reduce
the amplitude of pendulum movements and increase safety. In publication [8], dynamic modeling of a
gantry crane with a double pendulum and two cables was presented, with simulations confirmed by
experimental data. The study showed how system parameters, such as cable length and mass
distribution, affect payload oscillations and loads. In article [9], the authors analyzed the dynamics of a
long payload transported by two bridge cranes, taking into account the double mathematical pendulum
effect. This study allowed for the evaluation of payload oscillations and rope forces, which is
important for the safe transport of long and heavy loads.

In work [10], a 3D dynamic model of a gantry crane was constructed, describing the movement of
the payload and structural elements in all three dimensions. The model accounts for the inertial and
elastic characteristics of structural elements and allows for the analysis of forces and accelerations
during operation. The main part of the work is devoted to payload and mechanism movement analysis,
including mass distribution, geometry, and the influence of speed on dynamic loads.

In article [11], authors consider the dynamic behavior of tower cranes during slewing operations
when the direction of boom and payload movement changes. They analyze how various movements
affect dynamic forces and show that traditional static methods underestimate the loads arising during
dynamic movements. The results show the need to use more realistic models of structural dynamics
that can take into account the effect of rotational motion on the tension in crane components under
various boom configurations. The authors of [12] proposed a multi-mass dynamic model of a tower
crane where the slewing mechanism drive is considered as a separate mass body. His allows for
evaluating dynamic forces, elastic and damping characteristics during payload slewing. Numerical
calculations show the dependence of structural forces on inertial characteristics and drive parameter,
which is important for assessing loads in difficult crane operating conditions..

The author of [13] conducted a dynamic analysis via simulation of a crane for wind turbine
installation operating in complex conditions (low wind speed, limited space). A rigid-flexible coupling
model for ropes and crane structure was used with ADAMS and ANSYS systems. The analysis
determined maximum dynamic loads in various hoisting modes, allowing for safety and efficiency
evaluation.

In work [14], the dynamic behavior of an offshore knuckle-boom crane is investigated under
different load application laws. The authors demonstrate how load changes affect the accelerations and
the dynamic response of the structure, specifically the velocity and acceleration of the payload and the
mechanism reactions. The work shows that the dynamic characteristics of the system vary depending
on the load type and direction of movement, which must be taken into account when designing
structures for a wide range of cranes. In article [15], the authors investigated the dynamics of a
knuckle-boom crane during payload movement under wind load conditions. The authors proposed a
dynamic model that accounts for the flexibility of the boom elements and the compliance of the drives.
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The equations of motion were derived based on Lagrange equations. Wind pressure is modeled as an
external disturbance; both steady and time-varying wind gusts are considered. To quantitatively assess
the wind's influence, root-mean-square (RMS) load indicators in the drives and payload positioning
errors were applied. It was shown that analyzing only the motion of the center of mass is insufficient,
and accounting for the displacements of characteristic points of the payload provides a more correct
assessment of the accuracy and safety of crane operation under wind disturbances.

Researchers in [16] developed a method for calculating dynamic loads and energy losses in an
overhead crane hoisting mechanism. They created a model considering drive parameters, payload
mass, crane dimensions, and inertial characteristics. It was shown that energy losses depend heavily on
hoisting height and payload mass. This allows for more accurate assessment of crane operating
parameters and efficiency. In article [17], the hoisting mechanism of an overhead crane is viewed as a
complex electromechanical system. The model allows for the analysis of dynamic forces and torques
in the crane structure that arise during accelerations and changes in the movement speeds of the
mechanisms. The results demonstrate the features of the interaction of moving parts, the transmission
of torques, and inertial forces, which is critical for evaluating the reliability and durability of the
equipment under intensive operating modes.

In work [18], a mathematical approach for modeling dynamic loads during transient processes
(start/finish of hoisting) was proposed. Authors use equations of motion to describe force and inertia
changes, emphasizing the complexity of calculating loads during sharp regime changes. They highlight
the importance of accounting for oscillations and accelerations that arise during abrupt changes in
operating modes, demonstrating that these factors constitute the primary complexity in calculating
dynamic loads in crane machinery.

Authors of [19], analyze dynamic and energy parameters of a tower crane in various modes,
including structural reaction measurements. The research encompasses measuring structural responses
and the variation of forces and accelerations arising during mechanism operation. This work enables
the determination of the energy characteristics transmitted through the system and their impact on
dynamic loads, aiding in the optimization of structural solutions for crane design. In work [20], a
model was developed to evaluate the dynamic loads on a tower crane jib under different load
movement conditions and velocity changes. The model incorporates the primary mechanical
characteristics of the jib, allowing for the analysis of the dynamic force distribution along the structure.
This approach demonstrates how transient regimes and load movement alter stresses and reactions
within jib elements, which is vital for safe design and calculation.

In study [21], the dynamics of the outreach and slewing mechanisms of a tower crane were
modeled, and the start-up mode of these mechanisms was assessed. The optimization performed
significantly reduced dynamic overloading during the movement of the outreach and slewing
mechanisms. Work [22] investigated the movement dynamics of the derricking and hoisting
mechanisms of a jib crane. He dynamics of mechanism motion were modeled, and a dynamic analysis
was conducted, establishing that the jib crane operates under overloading during their operation. The
authors of [23] performed modeling of the movement dynamics of the derricking and jib extension
mechanisms during steady crane slewing, based on which a dynamic analysis was conducted. This
analysis identified force overloads in structural elements and payload oscillations.

Based on the literature review, it can be concluded that to identify loads and oscillations in
structural elements during the operation of a jib crane slewing mechanism with a flexible payload
suspension in the form of a double pendulum, there is a necessity for mathematical modeling and a
subsequent dynamic analysis of the acting loads.

Purpose of the paper. The purpose of this study is to construct a mathematical model of the
movement dynamics of the jib crane slewing mechanism with a double pendulum payload suspension
and to perform a dynamic analysis of its motion.

Research results. When constructing the dynamic model of the jib crane slewing mechanism, the
main movement of the drive electric motor and the oscillatory movements of the drive transmission
mechanism are taken into account, as well as low-frequency oscillations of the gripper device and the
payload on the flexible suspension.

The dynamic model of the jib crane slewing mechanism is represented as a system of absolutely
rigid and dissipative links (Fig. 1). It is assumed that the drive transmission mechanism, as well as the
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ropes of the flexible suspension for the gripper
and the payload, possess dissipative properties,
while the jib, payload, and gripper are considered
absolutely rigid bodies. The gripper and the
payload on the flexible suspension perform
pendulum oscillations in the crane's slewing
plane. The links of the slewing drive and the jib
are reduced to the crane's slewing axis. The
driving torque of the slewing mechanism drive is
determined from the dynamic mechanical
characteristic.

Thus, the dynamic model of the jib crane
slewing mechanism is represented by a
mechanical system with four degrees of freedom
(4DOF) (Fig. 1). The generalized coordinates of
the provided dynamic model are the angular
coordinates of the electric motor rotor rotation —
a , the crane — 3, e gripper rotation — ¢ and the

payload— . The crane slewing mechanism is
subject to the static resistance torque — M and

the driving torque of the electric motor — M , oth
of which are reduced to the crane's slewing axis.

Fig. 1. Dynamic model of the crane slewing mechanism
with a payload suspension in the form of a double
mathematical pendulum

Additionally, dissipative moments act in the
drive transmission elements and the flexible
suspension of the gripper and payload when they

deviate from the vertical.
To construct the mathematical model of the jib crane slewing mechanism with a double pendulum
suspension (Fig. 1), Lagrange equations of the second kind are used:
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where T ,I1,R — are the kinetic energy, potential energy, and Rayleigh dissipation function of the
crane slewing mechanism, respectively; M , M — are the driving torque and the resistance torque,
reduced to the crane's slewing axis.

The kinetic energy of the crane slewing mechanism is represented by the following relationship

1 2 1 - 1 > .oy 1 )
5o 7 B S Mt S mepTy

2

where J,, J —the moments of inertia of the drive links and the rotating part of the crane, respectively,

reduced to the slewing axis; m, m; — are the masses of the payload and the gripper; p — the payload

outreach at which the crane slews.
The potential energy of the crane slewing mechanism is determined by the following relationship

H:%-c-(a—ﬂ)2+(m1+m)-g-ll-(1—cosv1)+m-g-l-(1—cosv), 3)



ISSN 2410-2547 397
Onip matepiaiis i Teopis ciopy/Strength of Materials and Theory of Structures. 2026. Ne 116

where g — acceleration of gravity; ¢ — stiffness coefficient of the drive transmission mechanism
reduced to the crane slewing axis; /;, / — lengths of the flexible suspension of the gripper and
payload, respectively; v;, v — angular coordinates of the deviation from the vertical for the gripper
and payload flexible suspensions, respectively.
The Rayleigh dissipation function of the elastic elements of the crane slewing mechanism is as
follows
1 . 1 2, 1 )2

R=—-by-la - +—-b; Vi +=-b-v", 4

5 02 ( B )z 5 Prvi+ “
where b,, by, b — damping coefficients of the drive transmission mechanism elements and the
flexible suspension of the gripper and the payload, respectively, when they deviate from the vertical.

The angular coordinates of the deviation from the vertical for the flexible suspension of the gripper
and the payload are determined by the following relationships:

B=o)p., _lp-vlp

I R (5)
We determine the partial derivatives of the kinetic energy (2) with respect to the generalized
coordinates of the jib crane slewing mechanism:
0T 0T or or

vy =
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We also find the partial derivatives of the kinetic energy (2) with respect to the generalized
velocities of the crane slewing mechanism:
oT . oT - oT 7 . oT 2 .
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Subsequently, we determine the full time derivatives of the expressions (7), resulting in the
following:
dor .
dt oa
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We determine the partial derivatives of the potential energy (3) with respect to the generalized
coordinates:
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We determine the partial derivatives of the angular coordinates of the flexible suspension of the
gripper and the payload with respect to the generalized coordinates of the system and substitute them
into expressions (9) and (10), and also use the assumption that sinv,=v;,asinv=v. As a result, we

obtain:

o _ . \.all (m +m)-g-p*-(B-0).
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Now we determine the partial derivatives of the Rayleigh function (4) with respect to the

generalized velocities:
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The dependencies (13) include full time derivatives and partial derivatives with respect to the
generalized coordinates of the angular coordinates of the deviation from the vertical for the flexible
suspensions of the gripper and the payload; therefore, we determine them. To do this, we will use
expressions (5) and determine the necessary derivatives:

V.lz(ﬂ—(p)-p;v-:(w—v/)-p; (14)
L l
M_p.M_ pOv_p.ov_ p. (15)
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As a result of substituting expressions (6), (8), (11)-(13), taking into account the relations (14) and
(15), into system (1), we obtain the mathematical model of the motion dynamics of the crane slewing
mechanism when modeling the payload suspension as a double mathematical pendulum:
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Research results

The system of differential equations (16) includes the driving torque of the drive electric motor,
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Fig. 2. Dynamic characteristic of the drive electric motor

motion:

which is determined from the dynamic
mechanical characteristic shown in Fig. 2. This
mechanical  characteristic is  constructed
according to the parameters of the drive motor
of the jib crane slewing mechanism. In the
dynamic characteristic, significant fluctuations
of the driving torque occur, which are caused by
electromagnetic transient processes in the
electric drive during the start-up process.

The system of equations (16) for the motion
dynamics of the crane slewing mechanism is a
system of nonlinear second-order differential
equations; therefore, a numerical method
implemented in a developed computer program
is used for its solution. The system of equations
(16) is solved under the following initial
conditions of the crane slewing mechanism

My . : . .
t=0: a=—2; a=0; f=0; B=0; ¢=0; ¢=0; y=0; y=0. (17)
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The dynamic analysis of the crane slewing was performed for the following parameter values of the
crane jib system: m=2000kg, m;=500kg, J,=557740kgm?*, J=1551700kgm?’, [=5.0m,
[=10.0m, p=25.0m, u=1083.6, @,=0.0966rad/s, ®,=0.0892rad/s, g=9.81m/s’,
My=25750 N-m, M ,=560290N-m, b=0, b;=0, b,=0.

After the numerical solution of the nonlinear system of differential equations (16) under the initial

conditions (17) of the crane slewing mechanism motion, graphical dependencies of the kinematic
(Figs. 3-8), dynamic (Fig. 9), and energy (Fig. 10) characteristics were constructed.
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Fig. 3. Graphs of the angular velocity (a) and acceleration (b) of the electric motor rotor, reduced to the crane slewing axis

From Fig. 3,a, it can be seen that the electric motor rotor speed increases sharply to a steady-state
value during the start-up phase. This speed increase occurs in an oscillatory mode. In the steady-state
motion phase, the speed of the electric motor rotor changes periodically in an oscillatory mode with
slight damping. The angular acceleration of the electric motor rotor (Fig. 3,b) changes rapidly in an
oscillatory mode with significant damping during start-up. The maximum acceleration value is reached
at the first oscillation peak and amounts to 0.33 rad/ s?. During the steady-state motion of the electric

motor rotor, high-frequency oscillations of the rotor acceleration with a small amplitude are observed.
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Fig. 4. Graphs of the angular velocity (a) and acceleration (b) of the crane's rotating part

The angular velocity of the crane's rotating part (Fig. 4,a) increases in an oscillatory mode during
start-up and reaches its maximum value of 0.115rad/s at the fifth second of movement. Subsequently,
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the velocity of the crane's rotating part reaches a steady-state value and varies in a low-frequency mode
with slight damping. At the same time, high-frequency, virtually undamped oscillations are
superimposed on the low-frequency damped oscillations. The acceleration of the crane's rotating part
(Fig. 4,b) varies in an oscillatory mode with a significant amplitude during the start-up phase, reaching

a maximum value of 0.105 rad/s2 at the first second of movement. Subsequently, the acceleration

varies relative to the zero line with low-frequency damped oscillations, which also have high-
frequency undamped vibrations superimposed.
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Fig. 5. Graphs of the angular velocity (a) and acceleration (b) of the gripper

The angular velocity of the gripper rotation (Fig. 5,a) increases in an oscillatory mode during the
start-up phase and reaches its maximum value of 0.18rad/s at the fifth second of movement

Subsequently, it varies relative to the steady-state value in a mode of low-frequency damped
oscillations, with high-frequency oscillations further superimposed. He gripper acceleration (Fig. 5,b)
reaches its maximum value of 0.135rad/ s at the time moment of 2.4s during the start-up process. In

the following stages, the acceleration varies relative to the zero line with low-frequency damped
oscillations, which are superimposed by high-frequency oscillations of significant amplitude.
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Fig. 6. Graphs of the angular velocity (a) and acceleration (b) of the payload

The angular velocity of the payload rotation (Fig. 6,a) increases smoothly during the start-up phase
to a maximum value of 0.175rad/s over 5.5s. Subsequently, the payload velocity varies relative to
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the steady-state value in a low-frequency damped oscillation mode. The payload rotation acceleration

(Fig. 6,b) reaches its maximum value of 0.82rad/ s? at the time moment of 3.4s. Subsequently, the

acceleration varies relative to the zero line in a mode of low-frequency oscillations, which are
superimposed by high-frequency oscillations.
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Fig. 7.Graphs of the deviation from the vertical for the flexible suspension of the gripper (a) and the payload (b)

The deviation of the flexible gripper suspension from the vertical (Fig. 7,a) reaches its maximum
value of 0.17rad at the time moment of 2.55s. Subsequently, the deviation of the flexible gripper
suspension varies in a low-frequency damped oscillation mode with the superposition of additional
oscillations of small amplitude. The deviation of the flexible payload suspension from the vertical
(Fig. 7,b) reaches its maximum value of 0.082rad at the time moment of 3.5s. In the following
stages, the deviation of the flexible payload suspension varies relative to the zero line in a low-
frequency damped oscillation mode with the superposition of high-frequency oscillations.

The phase portrait of the payload oscillations relative to the crane's rotating part (Fig. 8,a) indicates
that these oscillations exhibit a stable damping tendency. At the same time, the maximum value of the
oscillation amplitude deviation is 0.1rad . From the phase portrait of the payload oscillations relative

to the gripper (Fig. 8,b), it can be observed that a complex character of oscillations occurs. At the same
time, these oscillations are also damped.
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Fig. 8. Phase portraits of the payload oscillations relative to the crane's rotating part (a) and the gripper (b)
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The driving torque of the drive mechanism (Fig. 9,a) reaches its maximum value of 210kN-m at
the start of start-up. Subsequently, the drive torque varies in a mode of low-frequency damped
oscillations with superimposed high-frequency vibrations. The torque in the elastic coupling (Fig. 9,b)
reaches its maximum value of 200 kN-m at the time moment of 2.1s, followed by damping in a low-

frequency oscillatory mode. Unlike the driving torque, the torque in the elastic coupling is virtually
free of high-frequency superimposed oscillations.
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Fig. 9. Graphs of the driving torque (a) and the elastic torque in the coupling (b), reduced to the crane's rotating part
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In the start-up phase, the drive power (Fig. 10) varies in an oscillatory high-frequency mode and
reaches a maximum value of 14.2kW at the time moment of 2.0s . Subsequently, the power varies in

a low-frequency damped oscillation mode toward a steady-state value, with high-frequency oscillations
superimposed on it.

15 ‘ ‘ ‘ ‘ = Conclusions. Based on the results of
the dynamic analysis of the movement of
the jib crane slewing mechanism with a
flexible payload suspension in the form of
a double pendulum, the following

conclusions were made:
g 5 ] 1. A dynamic model of the jib crane
o slewing mechanism with a flexible
o payload suspension in the form of a

V u V V v double pendulum has been developed. The

101

developed dynamic model accounts for
the main movement of the crane's slewing
drive mechanism, high-frequency
oscillations in  the  transmission
mechanism of the drive, as well as low-
frequency pendulum oscillations of the
gripper and payload on the flexible
suspension. The dynamic model incorporates the dynamic mechanical characteristic of the crane
slewing drive's electric motor. Based on the dynamic model of the crane slewing mechanism, its
mathematical model is constructed, which is described by a system of four nonlinear second-order
differential equations. The resulting system of equations was solved numerically using a developed
computer program.

2. Based on the solved system of mathematical model equations, a dynamic analysis of the
movement of the jib crane slewing mechanism with a flexible payload suspension in the form of a
double mathematical pendulum was performed. The dynamic analysis results revealed significant
oscillations in the kinematic, dynamic, and energy characteristics of the slewing mechanism's drive

0 10 20 30 40 50
t, s
Fig. 10. Graph of the drive mechanism power variation



ISSN 2410-2547 403
Onip matepiaiis i Teopis ciopy/Strength of Materials and Theory of Structures. 2026. Ne 116

elements, gripper, and payload on the flexible suspension. The presence of oscillatory processes led to
an increase in dynamic loads and energy consumption in the crane slewing drive and the overall jib
crane structure. The instantaneous change in the driving torque of the slewing drive mechanism
resulted in virtually undamped oscillations of the characteristics of the jib system, gripper, and
payload. To minimize oscillations in the elements of the crane's jib system and reduce dynamic loads,
it is necessary to control the start-up mode of the crane's slewing drive.

3. As a result of the dynamic analysis of the jib crane slewing mechanism with a flexible payload
suspension represented by a double mathematical pendulum, the cause of the virtually undamped
oscillations of the payload and its gripper has been identified, which is determined by the nature of the
drive torque variation. In this case, the emergence of oscillatory processes is the result of the almost
instantaneous change in the driving torque of the crane slewing drive mechanism. To reduce dynamic
and energy loads and eliminate oscillations in the structural elements of the crane's jib system, it is
proposed to optimize the start-up and braking modes of the slewing drive.
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Jloseiikin B.C., Pomacesuu FO.0., Ilouxa K.I., Kaouxano 1.0., Cmexno O.B.
JUHAMIYHHAA AHAJII3 MEXAHI3MY MOBOPOTY CTPLIIOBOI'O KPAHA 3 IIJBICOM BAHTAXKY ¥
BUTJISAAI NOJABIAHOTO MASITHUKA

IIpu BMKOHaHHI CTPUIOBUMM KpPaHAMH MOHTAaXXHHUX POOIT CKJIAJHUX KOHCTPYKLIH BHKOPHCTOBYIOTHCS 3aXBaTHI HMPHUCTPOT,
Bara SKMX OJM3bKa 10 Bard BaHTaxy. JIs Takoro BMIAJKy THY4KHiH MiBiC BaHTaXx<y MPEJCTAaBICHO MOJEIUIO MOJBIHHOro
MaTEeMaTHYHOrO MasTHUKA. B po0oTi po3risiaeThcs JUHAMiIKa MEXaHi3My IOBOPOTY CTpIJIOBOTrO KpaHa 3 THYYKHM MiZBicOM
BaHTAXXy y BUIJIAAI NO/ABIHOr0 MasgsTHUKA. METOI0 HAaBEIEHOr0 AOCIIIKEHHS € 00ya0Ba MaTeMaTHYHOT MOJIeNi Ta 3/1iliCHEeHHs
JIMHAMIYHOTO aHalli3y MeEXaHi3My IOBOPOTY CTpPUIOBOrO KpaHa 3 THYYKHMM HiJBICOM BaHTaXy Yy BHIVIAAI IOABIHHOTO
MaTeMaTHYHOTO MasTHHUKA. MeXaHi3M ITOBOPOTY CTpiIOBOrO KpaHa MPEJCTABICHUIl AMHAMIYHOIO MOACIUII0 3 HOTHpMa
cryneHsMu cBoboxu. Ha 0asi 1iel Momeni 3 BUKOPHCTaHHSAM piBHAHb Jlarpanxa Apyroro poay noOyJoBaHO MaTeMaTHYHY
MOJIEJIb MEXaHI3My HOBOPOTY CTPUIOBOrO KpaHy, siKa SBJIE COOOK CHCTEMY 3BHYAMHUX JuQepeHLianbHUX PIBHAHb JPyroro
nopsaaky. B miit Mmomeni pyuwidHMA MOMEHT TNPUBOJHOIO €JIEKTPOABHUIYHA  OHHMCYETHCS JMHAMIYHOIO MEXaHIYHOKO
XapaKTepUCTUKOI0.. B pe3ynpTaTi 4YMCENbHOro pO3B’SA3yBaHHS CHUCTEMH pIBHSAHb BH3HA4€HI KiHEMaTH4Hi, JUHAMIYHI Ta
EHEepreTHYHI XapaKTEePHUCTHKM MEXaHi3My II0BOPOTY CTPUIOBOrO KpaHy 3 IiJBICOM BaHTaXxy, NPEACTaBICHUM MOAEIIIIO
MOABIHHOrO MAaTEMATHYHOTO MasTHUKA. . B po0OoTi JOCHIKEHO OCHOBHHMH pyX NMPHUBOIAHOI'O MEXaHi3My IOBOPOTY KpaHa, a
TaKOX BUCOKOYACTOTHI KOJIMBAHHS CIEMEHTIB NPUBOAY Ta HU3bKOYACTOTHI KOJIMBAHHS BaHTaXy i 3aXBaTHOrO MPUCTPOIO HA
THyYKOMY HijBici. BusBieHo, 110 AMHAMikKa pyXy MEXaHi3My IMOBOPOTY KpaHa 3aJIeKHTh BiJl XapakTepy 3MIiHM pyLIiHHOro
MOMEHTY HPHUBOJHOIO EIEKTPOJBUTYHA, a HU3bKOYACTOTHI KOIMBAHHS BAaHTAXY Ta 3aXBATHOTO MIPUCTPOI0 HA FHYYKOMY MiJBici
HPAKTHYHO HE 3aTYXaI0Th 1 TPUBAIOTH MPOTATOM BChOT'O IPOMIKKY PyXY.

JUits1 3HIOKCHHS IMHAMIYHUX HaBaHTaXXCHb Ta BUCOKOYACTOTHUX KOJMBAHb B IIEpEaBaIbHOMY MEXaHi3Mi PUBOLY , a TAKOX
HU3bKOYACTOTHUX KOJIMBAHb 3aXBATHOT'O IMPHCTPOIO 1 BAHTAXKY HA THYYKOMY MiBiCI PEKOMEH/I0BAHO OOMPATH PEXKUMH IIIABHOT
3MIiHM PYIIITHOrO MOMEHTY HPHBOJY IIiJ| 4ac MYCKY Ta TaJbMyBaHHS, sKi 3a0e3me4yroTh OakaHuil pyX BaHTaXKy Ha THYYKOMY
T/ABICI.

Kuaro4oBi ciioBa: cTpiioBUil KpaH, MeXaHi3M IOBOPOTY, MOABIHHMN MasTHHUK, KOJMBAJIbHI MPOLECH, PYIUIIHHUI MOMEHT,
JIMHAMIYH]1 HABaHTAXKEHHS.

Loveikin V.S., Romasevych Yu.O., Pochka K.I., Kadykalo 1.0., Stekhno O.V.
DYNAMIC ANALYSIS OF THE SLEWING MECHANISM OF A JIB CRANE WITH A PAYLOAD SUSPENSION IN
THE FORM OF A DOUBLE PENDULUM

Gripper devices with weights close to the payload weight are used when jib cranes perform installation work on complex
structures. For such cases, the flexible payload suspension is represented by a double mathematical pendulum model. The paper
deals with the dynamics of the slewing mechanism of a jib crane with a flexible payload suspension in the form of a double
pendulum. The purpose of this study is to construct a mathematical model and perform a dynamic analysis of the jib crane
slewing mechanism with a double mathematical pendulum payload suspension. The slewing mechanism is represented by a
dynamic model with four degrees of freedom (4-DoF). Based on this model, a mathematical model of the jib crane slewing
mechanism is constructed using Lagrange equations of the second kind, forming a system of second-order ordinary differential
equations. In this model, the driving torque of the electric motor is described by its dynamic mechanical characteristic. As a
result of numerical solving of the equations, the kinematic, dynamic, and energy characteristics of the jib crane slewing
mechanism are determined. The study investigates the main movement of the drive mechanism, as well as high-frequency
oscillations of drive elements and low-frequency oscillations of the payload and gripper on the flexible suspensionlt is revealed
that the dynamics of the slewing mechanism depend on the nature of the driving torque change, while low-frequency oscillations
of the payload and gripper practically do not dampen and continue throughout the entire movement cycle.

To reduce dynamic loads and high-frequency vibrations in the drive transmission mechanism, as well as low-frequency
vibrations of the gripping device and load on a flexible suspension, it is recommended to select modes of smooth change of the
drive torque during start-up and braking, which ensure the desired movement of the load on a flexible suspension.

Keywords: jib crane, slewing mechanism, double pendulum, oscillatory processes, driving torque, dynamic loads.
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YV pobomi posensinymo OuHamixy Mexaismy ROBOPOMY CMpIN06020 Kpawa 3 ZHYYKUM NIOGICOM 6AHMAdCy, NpeoCmasneHum
MOOeNN0 NOOSIIHO20 MameMamuiHo2o maamuuka. Ha ocnosi pisusans Jlacpandca opy2o2o pody no6y0osaHo mamemamuyny
MOOeNb 3 HOMUPMA CMYNeHAMU C80600U MA BUKOHAHO YUCENbHUL AHANI3 KIHEMAMUYHUX, OUHAMIYHUX | eHepeemuyHux
Xapakmepucmuk. Bcmanosneno eénaue xapaxkmepy sminu pywitiHo20 MOMEHMY HA KOJIUBANbHI Npoyecu mda PeKOMeHOOBAHO
DeXHCUMU NIABHO20 NYCKY U 2ATbMYEAHHSL.
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jib crane with a payload suspension in the form of a double pendulum // Strength of Materials and Theory of Structures:
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The paper investigates the dynamics of a jib crane slewing mechanism with a flexible payload suspension modeled as a double
mathematical pendulum. A four-degree-of-freedom mathematical model based on Lagrange equations of the second kind was
developed and numerically analyzed to obtain kinematic, dynamic, and energy characteristics. The influence of driving torque
variation on oscillatory processes was established, and smooth start-up and braking modes were recommended to reduce
dynamic loads.
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