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The efficiency of jib cranes largely depends on increasing their productivity when performing loading, unloading, and
installation operations. The simultaneous operation of individual mechanisms increases the productivity of jib cranes. The purpose of
this study is to construct a mathematical model and perform a dynamic analysis of the crane jib system during the simultaneous
operation of the jib lifting and crane turning mechanisms. The presented research is based on methods for constructing discrete
dynamic models of a jib crane using second-order Lagrange equations, numerical methods for solving nonlinear ordinary differential
equations, which are presented in the form of a computer program, and methods for dynamic analysis of the simultaneous motion of
crane mechanisms. The problem of the dynamics of simultaneous motion of the jib lifting and crane turning mechanisms is solved in
this article. The crane jib system is represented by a dynamic model with four degrees of freedom, which considers the main motion
of the jib lifting and crane turning mechanisms and the oscillation of the cargo on a flexible suspension. As a result of the dynamic
analysis, the kinematic, dynamic, and energy characteristics of individual links of the crane jib system are determined during the
simultaneous operation of the jib lifting and crane turning mechanisms. The main movement of the drive mechanisms for lifting the
jib and crane turning, as well as the low-frequency spatial oscillations of the cargo on a flexible suspension, were investigated. It has
been established that the dynamic motion of the mechanisms depends on the character of the change in the driving forces of the
drives. Low-frequency oscillations of the cargo on a flexible suspension practically do not dampen and continue throughout the
entire movement cycle.

To improve the dynamics of simultaneous motion of mechanisms and minimise oscillatory processes of the jib system links, it is
recommended to select modes of smooth change of driving forces of drives in transition processes (starting, braking), which ensure
the desired movement of executive mechanisms and lead to a reduction in loads.
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Introduction. The efficiency of jib cranes largely depends on increasing their productivity when
performing loading, unloading, transport, and installation operations. One way to increase the
productivity of jib cranes is to operate several mechanisms simultaneously in pairs, particularly the
simultaneous operation of the jib lifting and crane turning mechanisms. When the mechanisms of jib
cranes operate simultaneously, the dynamic loads on the structural elements and drives that have the
most significant impact during transitional processes (starting, braking, changing speed) increase.

The increase in dynamic loads significantly impacts the reliability of operation and energy consumption
of jib cranes. Therefore, there is a need to determine the actual dynamic loads and study the oscillatory
processes in the elements of the jib system during the simultaneous operation of several mechanisms. When
performing loading and unloading operations with jib cranes, the jib lifting and crane turning mechanisms
are often combined. Therefore, studying the dynamic processes during the simultaneous operation of the jib
lifting and crane turning mechanisms is necessary. The research of dynamic processes during the
simultaneous operation of the jib lifting and crane turning mechanisms is relevant because it allows the real
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loads during the operation of jib cranes to be identified and, in the future, decisions to be made regarding the
possibility of combining the operation of certain jib crane mechanisms.

Analysis of publications.To increase the productivity of jib and tower cranes, several mechanisms
are combined to work in pairs simultaneously, but this increases the dynamic loads on structural elements
and drives. At the same time, dynamic loads significantly impact vital characteristics of crane operation,
such as productivity, reliability, energy consumption, and safe operation [1]. Therefore, the research on
the dynamics of crane mechanisms during their simultaneous operation remains relevant. Considerable
attention is paid to the research of the dynamics of the simultaneous motion of the mechanisms for
changing the reach and rotation of lifting cranes [2,3]. These papers define the mechanisms' kinematic,
dynamic, and energy characteristics under consideration and establish directions for their improvement.
In addition, paper [3] describes the features of controlling the electric drive of the jib adjustment
mechanism during simultaneous crane turning with a suspended cargo. Research on dynamic loads
during the simultaneous motion of these mechanisms was also carried out. In [4], the dynamics of the
simultaneous motion of the boom extension and rotation mechanisms of a tower crane were modelled,
and the start-up mode of these mechanisms was optimised according to an integral dynamic criterion. The
optimisation made it possible to significantly reduce the dynamic overload during the simultaneous
motion of the outreach and rotation mechanisms [4]. The authors of [5] researched the dynamics of the jib
lifting mechanisms' simultaneous motion and the jib crane's cargo. Here, the mechanisms' simultaneous
motion dynamics were modelled, and a dynamic analysis was performed. It was established that the jib
crane operates with overloads when these mechanisms operate simultaneously. In article [6], the
dynamics of the simultaneous motion of the jib lifting mechanisms and the extension of its section during
the steady crane turning were modelled, based on which a dynamic analysis of the movement of these
mechanisms was carried out. As a result of the study, significant force loads on the structural elements
and cargo oscillations on the flexible suspension were identified.

Dynamic loads during transitional processes (starting, braking) significantly impact crane structural
elements [7]. Scientific papers [8-10] investigated dynamic processes in tower cranes, while papers
[11, 12] investigated bridge cranes, particularly container handlers with motion control elements. Work
[13] established that a slight reduction in dynamic loads during transitional processes significantly
improves the reliability of lifting cranes. In addition, dynamic loads have a significant impact on the
accuracy of cargo positioning [14].

The swaying of the cargo on a flexible suspension significantly impacts the dynamics of jib cranes,
which has been the subject of considerable attention by researchers studying the dynamics of lifting
cranes. In [15], dynamic modelling was performed, and a self-adjusting control against the swaying of the
cargo of a ship crane with a slewing mechanism was proposed. Here, the crane is represented by a
mechanical system with seven degrees of freedom. The authors of [16] propose reliable control against
cargo swaying while lifting and lowering in a vertical plane. A group of researchers [17] optimised a
nonlinear input data shaper to suppress cargo oscillations on a flexible suspension during crane
manoeuvring from one position to another. In [18], the command system of a nonlinear bridge crane
system was optimised for manoeuvring between specific positions. The authors of [19] solved the control
task for a linear model and an S-shaped curve of the speed trajectory of cargo oscillation suppression in
bridge cranes with a double pendulum effect. The researchers in [20] constructed a model of the
combined movement of the lifting, turning, and extension mechanisms of the jib of the DEK-251 crane.
In [21], a transport control system for double pendulum cranes with a nonlinear quasi-PID system was
developed, which minimizes cargo oscillations on a flexible suspension. Researchers [22] developed a
gantry crane control system using a hybrid input data shaper and a PID controller, eliminating cargo
oscillations. The authors of the article [23] on a non-active double pendulum device conducted a dynamic
analysis and experimental research on anti-sway devices for ship jib cranes. In [24], a dynamic analysis
and experimental research were performed on a device to prevent cargo sway for ship cranes, which
minimizes sway. In [25], a group of authors conducted a dynamic analysis and time-optimal control
against a double pendulum bridge crane oscillations with distributed bridge beams.

Based on the review, it can be concluded that to identify loads and oscillations in the structural
elements of a jib crane, it is necessary to perform a dynamic analysis during simultaneous motion of
the jib lifting and jib crane turning mechanisms.
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Purpose of the paper. The purpose of this work was to construct a mathematical model of motion
dynamics and perform a dynamic analysis of the crane jib system during simultaneous motion of the
jib lifting and crane turning mechanisms.

Research results. When constructing a dynamic model of the simultaneous motion of the jib lifting and
turning mechanisms of a jib crane, the main kinematic, dynamic, and energy properties of crane
mechanisms used in previous research on the
dynamics of individual mechanisms or their
simultaneous operation were taken into account [4-6]. D

The dynamic model of the crane jib system is
presented in the form of absolutely rigid and
dissipative links of the jib lifting and crane turning
mechanisms (Fig. 1). In this case, we assume that
the flexible suspension rope of the cargo has
dissipative properties, while the jib, cargo, and
drive elements are absolutely rigid bodies. The
flexible cargo suspension in a pulley system
performs spatial pendulum oscillations in the plane
of crane outreach and turning. The links of the jib
lifting mechanism drive are reduced to its axis of
rotation, and the links of the turning mechanism g .
drive are reduced to the crane turning axis. The - \
dynamic model of simultaneous motion of the o) . el ' AT 1
mechanisms considers the main movement of the ’ 34’ A Vil
jib lifting and crane turning drives, and the spatial
oscillations of the cargo on a flexible suspension. &; W

Thus, the dynamic model of a jib crane with
simultaneous motion of the jib lifting and crane _ X
turning mechanisms is represented by a mechanical ] ) . }

. . Fig. 1. Dynamic model of a crane jib system with
SyStem_ with fpur qegr ees of free‘dom.(Flg' 1). The simultaneous motion of the jib lifting and turning
following designations are used in this figure: O — mechanisms
position of the lower jib hinge; A, B, C — positions
of the centre of gravity of the cargo at rest, when deflected in the plane of reach change and deflected in
space, respectively; A", B', C' — projections of points A, B, C onto the horizontal plane passing through
the axis of the lower jib hinge (point O). The generalised coordinates of the dynamic model shown use
the angular coordinates of the jib rotation in the plane of reach change — a, the crane — ¢, and the cargo —
v, as well as the linear horizontal coordinate of the centre of gravity of the cargo (cargo reach) — x. The
jib is subjected to resistance forces from the weight of the jib and cargo, and the slewing mechanism is
subjected to the moment of static resistance forces — M, which is reduced to the crane turning axis. There
is also a driving force in the drive hydraulic cylinder of the jib lifting mechanism, which creates a
moment M; relative to its axis of rotation, and the driving moment of the hydraulic motor of the crane
turning mechanism is reduced to the axis of rotation of the crane turning — M,. In addition, a dissipative
moment acts in the flexible cargo suspension when deviating from the vertical.

Lagrange equations of the second kind were used in constructing a mathematical model of the
simultaneous motion of the boom lifting and slewing mechanisms of a jib crane (Fig. 1)
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where 7, 1, R are kinetic and potential energy, respectively, and the dissipative function of Rayleigh
for the simultaneous motion of the jib lifting and crane turning mechanisms; M;, M, are driving
torques of the drives of the boom rotation and lifting mechanisms, reduced according to the rotation of
the boom and the drive drum of the lifting mechanism.

The kinetic energy of the simultaneous motion of the jib lifting and crane turning mechanisms is
represented by the following relationship

T =%Jld2 +%[J1 (cosar)’ +J2} @ +%m(y2 +i7+ xzy'/z), ()

where J|, J; are accordingly, the moments of inertia of the jib relative to the axis of its lower hinge, and
the drive of the crane turning mechanism and the slewing platform are reduced to the crane turning
axis; m is the masses of cargo; x, y are horizontal and vertical coordinates of the centre of mass of the
cargo in the plane of change in lift; L is the jib length; o — angular coordinate of jib rotation.

The potential energy of the simultaneous motion of the jib lifting and crane turning mechanisms is
determined by the following relationship

H=(m1y1+my) 5 3)
where g — acceleration of gravity; m,, y, are the mass of the jib and its vertical coordinate of the centre
of mass.

The dissipative function of the Relay system has the following form

R :%b\'ﬂ, &)

where b is the damping coefficient of the flexible suspension of the cargo when deviating from the
vertical; v is the angular coordinate of the deviation from the vertical of the flexible suspension of the
cargo, which is determined by the following dependence

V= %\/(X—LCOS()()Z +x (k- l//)2 —2x(x—Lcosa)(p— l//)sin{(q); l//)} 5)

Dependence (5) obtained from geometric considerations when considering trianglesAABC,
AA'B'C', AOB'C' and AACD.

The vertical coordinates of the centres of mass of the jib and cargo and their derivatives over time
are determined as follows:

» =kLsine, 3, =ckLcose, (6)

y=Lsina—Icosv, y=alcosa—Vlsinv. @)

Taking into account expressions (5) — (7), the kinetic and potential energy of the jib system during
the simultaneous motion of the jib lifting and crane turning mechanisms can be represented as follows:

T= %Jlo'cz +%[J1 (cosa)” +, |¢? +%m(}'c2 37 R, (8)

I =(myk + m)gLsina —mgl cosv. 9)
Partial derivatives of kinetic energy (9) with respect to the generalised coordinates of the jib system
are defined as follows:
aof 1 . ., .9y dT (.2 .ay') oT ay oTf . 9y

gq 2 1sin20@TEmpnl, SrEm( WG] S T Gy ey (0

Partial derivatives of kinetic energy (9) with respect to the generalised velocities of the system are
also found:

oT dy oT . 8y) oT dy oT

—=J,0+m —=m| x+ , —=|Ji(cosa)" +J, |p+my—, —= + 11

6 oS A m(x ox 8(0((COS) )i Kemira "’y - (D

Now, let us take the full-time derivatives of expressions (12), which will give us:

d T P! P
e J1a+m(y ay)”ay (12)
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Ztg; (J (cos)? +J2)¢—J10'cgbsin2(x+m[jig—;+y§—};j, (13)
d oT . )Y .ay')
4o LA 14
di 3% ’"(“yax”ax 14
d o oy oy
2 15
dtal// m( oy yav/+x1//+ XXWJ (15)

Let us find the partial derivatives of the potential energy (9) with respect to the generalised
coordinates:

g—g=(m1k+m)glcosa+mgl§—;sinv, (16)
gg lg—;smv gll;—m laa—y‘:smv aalxy—mgl%sinv. a7

Now, let us determine the partial derivatives of the Rayleigh function (4) with respect to the
generalised velocities:

oR bav oR b.av oR bav oR b.av

Rl , v—, — v—. 18
o Ao’ o dx  0J¢ 00’ 81// oy (18)
As a result of substituting expressions (12), ..., (19) into system (1), we obtain a mathematical
model of the dynamics of the simultaneous motion of the jib lifting and crane turning mechanisms.
N P ) av
J10‘—5J1(P2 sm2a+my£= M, —(mk + m)glcosoc—MV@,
2 . .. .0 v
(Jl(cosa) +J2)(p—J1a(p+my£=M2—M0—M‘,ﬁ, (19)
.. 0p . av . L0y ov
m[x+y$—2xt//2}=—MV$, m|:t//x2+2xxl//+yw}=— Vo

In the system of equations (19), the moment M, is determined by the following dependence
M, =mglv+by. (20)
The system of differential equations (19) includes partial and total derivatives of the coordinates of
individual links and points of the jib system during the simultaneous motion of the jib lifting and crane
turning mechanisms. Let us determine these derivatives for the dynamic model of the jib system shown in
Fig. 1.
gThe first complete derivative of the vertical coordinate of the centre of mass of the cargo with
respect to time from expressions (7) is found

Gy PN Gy Gy
R e v Q1)

Similarly, the first full derivative w1th respect to time of the angular coordinate of deviation from
the vertical of the flexible suspension of the cargo from expression (8) is determined
. .0v .0v .0v .0V
v=a—+x—+o—+y—. (22)
oa ox op oy
For the presented dynamic model of simultaneous motion of the jib lifting and crane turning
mechanisms, the partial derivatives of the vertical coordinate of the cargo are determined by the
generalised coordinates:

& —Lcosoc+lvﬂ _ lvﬂ; a—y=lvﬂ;a—y=lvﬂ. (23)
Jda da ox ox d@ 00 Jdy oy
Since the deviation from the vertical of the flexible suspension of the cargo does not exceed 120, in
formulas (22) it is assumed that sinv=v, cosv=1. Formula (22) includes partial derivatives of the
angular coordinate of the deviation from the vertical of the flexible suspension of the cargo, so let us
determine them as well:
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Jdv Lsina —y)
£= ;I‘l/ {x[l—(w Zy/) —Lcosa}, (24)
2
?=%{x—[l—@ Lcosa}. (25)
X v

As a result of substituting expressions (23), ..., (25) into dependence (21), we will have

. 2 1 .
y=0aLscoso sma{x 1 l-v) —Leosor |+ x—
! [ 2 !

Taking the time derivative of expression (26), we obtain

2 1 2
J7=b'£L{cosa+sino{x(l l-v) \ Leosa }‘f‘dL{%d(—SiHOH-COSOC)[X[I—@]—LCOSOC:I"F

(o)’

1-

Lcosa}+§((p—y'/)(q)—l//)xcosa. (26)

2 )

+%sino{x(l—@]—x((p— v)(p- 1//)+0'¢Lsina}}Jr;[x—[l—@}Lcosa}r

(- w)z]
2

27

+§ X+(p—v)(o— I//)Lcosa+0'cLsin0{1— +

+ 2 vcose] (B-)p-y)+(o-9)’ Jr(i-ax) o) o-w)cosel.

Let us determine the characteristics of the drives for the jib lifting and crane turning mechanisms. The
jib lifting drive is located in the plane of reach change and consists of a hydraulic cylinder attached to the
rotating platform with a sleeve and a rod to the jib. The crane turning drive is on the rotating platform and
consists of a hydraulic motor, a planetary gearbox, and an open cylindrical transmission.

The torque that rotates the crane jib is found through the force in the hydraulic cylinder#;, the
method for determining which is given in [5].

M, =Fh. (28)

2
\/4azs2 —(a2 -+ s2)
5=
2s
The force dependence in the hydraulic cylinder of the jib lifting mechanism is determined by the

formulas given in [5]:
As
£ :p”AWP_E; (30)

§=0%in(6-1+a). 31)
S

There

, s=yJa®+b* ~2abcos(6- A+ a). (29)

Here, & is the lever arm of the forceF; p, is the working pressure in the hydraulic cylinder cavity;
A is the cross-sectional area of the hydraulic cylinder piston; Q is the working fluid flow rate through
the hydraulic cylinder; a, 6 are the length of the hydraulic cylinder mounting bracket and its angle of
inclination to the horizontal; b, lare the length of the hydraulic cylinder lever acting on the jib and its
angle of inclination to the jib axis; s is the length of the hydraulic cylinder in working condition.

The driving moment on the shaft of the hydraulic motor of the crane turning mechanism is
determined by a similar dependence, which is given in [5] for the cargo lifting mechanism, but reduced
to the crane turning axis. It is represented by a quadratic dependence on the angular velocity of the
crane turning and has the following form:
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My =M, +(Ko,-(M, o,))o- K¢, (32)
K=Mn_MP(1_(wn/w0))’ (33)
wn ((00 _wn)

where M,, M, are the starting and rated torques of the crane turning mechanism hydraulic motor,
respectively, reduced to the crane turning axis; @,, wqare the rated and synchronous angular velocities
of the crane turning mechanism hydraulic motor shaft, reduced to the crane turning axis.

Research results

The system of equations (20) for the simultaneous motion of the jib lifting and crane turning
mechanisms, together with expressions (21), ..., (34), is a nonlinear system of second-order differential
equations, therefore a numerical method is used to solve it. The equations are solved under the
following initial conditions of simultaneous motion of the jib lifting and crane turning mechanisms:

t=0:5=5,,§=0,x=x, x=0,0=0,,¢0=0,y =y, ,y =0. 34)

A computer program has been developed to perform a dynamic analysis of the simultaneous
motion of the jib boom lifting and slewing mechanisms of a jib crane. The programme consists of the
following main blocks: 1) initial parameters of the jib lifting and jib turning mechanisms of the crane
required for the calculation; 2) numerical solution of a system of second-order nonlinear differential
equations of the simultaneous motion of the jib lifting and jib turning mechanisms of the crane; 3)
calculation of the kinematic characteristics of the mechanism links; 4) calculation of the dynamic
(force) characteristics of the mechanism links; 5) calculating the energy characteristics of the
mechanism links; 6) constructing graphical dependencies of the kinematic characteristics of the
mechanism links; 7) construction of graphical dependencies of the dynamic characteristics of the
mechanism links; 8) construction of graphical dependencies of the energy characteristics of the
mechanism links; 9) determination of the maximum, arithmetic mean and root mean square values of
the kinematic, dynamic and energy characteristics of the simultaneous motion of mechanisms.

Dynamic analysis of the simultaneous movement of mechanisms for changing the reach and lifting
of cargo during steady crane turning was performed using the following values for the crane jib system
parameters:m = 4500 kg, m; = 2700 kg, J,=72900 kg- m?, /,=38770 kg: m%, =45 m, L = 9,0 m,
7=0,85, p,=14-10°N/m*, 4=0,025 m’, 0=0,0022m’/s, w,= 0,175rad/s, »,=0,157 rad/s, g = 9,81 m/s’,
My=36800 Nm, M,=38500 Nm, M,=52100 Nm, a=1,5m, 6=2,1 m, 1=0,0872 rad, 6=0,3189 rad,
00=0,5857 rad, x¢=7,5 m, p¢=0, =0, b;=36 Nm/(rad/s), k=0,5.

After numerical solution of the nonlinear system of differential equations (19) taking into account
expressions (9),..., (32) under the initial conditions (32) of the simultaneous motion of the jib lifting
and crane turning mechanisms, graphical dependencies of the kinematic (Fig. 2, ..., 5), dynamic
(Fig. 6) and energy (Fig. 7) characteristics were constructed.
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Fig. 1.Graphs of angular velocity (a) and acceleration (b) of jib rotation

From Fig. 2 (a), it can be seen that the angular velocity of the jib rotation increases to a steady
value in oscillatory mode. At the same time, at the beginning of the start-up, this increase is quite rapid
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for 0.25 seconds. Subsequently, the increase is slower, but with oscillations caused by the character of
the change in driving torque (Fig. 6 (a)). The angular acceleration of the jib rotation at the start of the
start-up drops sharply from the maximum value (0.31 rad/s”) to zero with subsequent slight oscillations
relative to zero (Fig. 2 (b)).

The process of changing the speed of the cargo, shown in Fig. 3, is also carried out in an oscillatory
mode, which leads to the appearance of a significant maximum value of the cargo acceleration, which
is 1.3 m/s* (Fig. 3 (b)). This results in increased dynamic loads acting on the cargo and transmitted to
the crane's metal structures. The oscillations in the speed and acceleration of the cargo when changing
the outreach are practically undamped in the considered section of movement.
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]
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Fig. 3. Graphs of velocity (a) and acceleration (b) of the change in the centre of mass of the cargo
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Fig. 4. Graphs of angular rotation speeds of the jib (a) and crane (b)

At the beginning of the crane turning mechanism start-up process, the angular velocity (Fig. 4 (a))
of the rotating platform changes quite rapidly and reaches a value of 0.15 rad/s after 0.5 s, followed by
a steady state in oscillatory mode. At the same time, the angular speed of the cargo rotation increases
more slowly and after 2.2 s of movement reaches its maximum value of 0.26 rad/s. Subsequently, the
angular speed of the cargo changes in an oscillatory mode around a steady state value. In this mode of
rotation, the dynamic loads increase significantly, which negatively affects the metal structures of the
crane and the drive of the rotation mechanism.

Fig. 5 shows a phase portrait of low-frequency oscillations of a cargo on a flexible suspension during
simultaneous motion of the jib lifting and crane turning mechanisms, which shows that these oscillations
are practically undamped during the operation of these jib crane mechanisms. The phase portrait shows
that complex oscillatory processes occur when the cargo oscillations overlap during changes in the crane's
reach and crane turning. At the same time, the maximum deviation from the vertical of the flexible cargo



ISSN 2410-2547

343

Onip matepiaiis i Teopist ciopy/Strength of Materials and Theory of Structures. 2025. Ne 115

suspension is 0.178 rad (10.20), and the
maximum deviation speed is observed at the start
of the jib lifting and crane turning mechanisms
and is 0.23 rad/s.

The driving torque of the jib lifting
mechanism  (Fig. 6 (a)) varies from the
maximum (525 kNm) to the minimum (340
kNm) values in oscillatory mode. At the same
time, at the start of the start-up, the torque
decreases sharply to 440 kNm within 0.25 s.
This mode of change in the driving torque of the
jib lifting mechanism leads to oscillatory
processes and, as a result, significantly increases
the dynamic loads on the crane structure and
drive mechanism components. The driving
torque of the crane turning mechanism drive
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0.0 0.10
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Fig. 5. Phase portrait of cargo oscillations on a flexible

suspension

(Fig. 6 (b)) increases from the start value (52 kNm) to the maximum (118 kNm) within 0.2 s at the
start, and then drops sharply to the initial value. Subsequently, the driving torque changes in an
oscillatory mode to a steady value. This mode of change in the driving torque of the crane turning
mechanism leads to cargo oscillations on the flexible suspension and an increase in dynamic loads on

the structural elements.

500000}
400000
£ i
£ 300000
= 200000/

100000

07\

o
N
g
[«)]
[oc]

t.s

(2)

Mz, Nm

120000f ]
100000} ]
80000f ]
60000 ]
40000} ]
20000} ]
0] 4
0 2 4 6 8 10

ts

(b)

Fig. 6. Graphs showing changes in the driving torques of the mechanisms for lifting the jib (a) and crane turning (b)

12000

10000

8000

6000

Py, W

4000

2000

0

t, s

(@)

P2, W

12000

10000

8000+

6000+

4000

2000

I

10

U-w L 1 n
0 2 4 6 8
t s

(b)

Fig. 7. Power change graphs for jib lifting (a) and crane turning (b) drives

The power of the jib lifting mechanism drive (Fig. 7 (a)) increases sharply to 7.8 kW at the start of
operation, followed by an increase in oscillatory mode to a steady value of 11.5 kW. At the same time,
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no damping of the power oscillations of the jib lifting mechanism is observed. The power of the crane
turning mechanism drive (Fig. 7 (b)) initially increases instantly to a maximum value of 11.5 kW, and
then also drops sharply to 8.0 kW (Fig. 7 (b)). Subsequently, the power of the crane turning
mechanism drive gradually decreases in oscillatory mode to 3.75 kW. The oscillatory nature of the
power change of the drives of the simultaneous movement of the jib lifting and crane turning
mechanisms negatively affects the energy characteristics of the crane.

Conclusions. As a result of research into the dynamics of the simultaneous movement of the jib
lifting and turning mechanisms of a jib crane, the following conclusions were made:

1. A dynamic model of the simultaneous movement of the jib lifting and turning mechanisms of a
jib crane was developed. The presented dynamic model takes into account the main movement of the
drive mechanisms for lifting the jib and turning the crane, as well as low-frequency pendulum spatial
oscillations of the load on a flexible suspension. The dynamic model takes into account the
characteristics of the driving force of the jib lifting hydraulic cylinder and the hydraulic drive of the
crane turning mechanism. The basis for constructing a mathematical model of the simultaneous
movement of the jib lifting and crane turning mechanisms was their dynamic model. The mathematical
model is described by a system of four nonlinear second-order differential equations, which are solved
numerically using a developed computer program.

2. As a result of solving the constructed mathematical model, a dynamic analysis of the
simultaneous movement of the jib lifting and crane turning mechanisms was performed. The results of
the dynamic analysis revealed significant fluctuations in the kinematic, dynamic, and energy
characteristics of the jib system during the simultaneous movement of the jib lifting and crane turning
mechanisms. The presence of oscillatory processes led to an increase in dynamic loads in the drives
and structure of the jib crane. The instantaneous change in the driving forces of the drive mechanisms
caused virtually undamped oscillations in the characteristics of the jib system. To reduce oscillations, it
is proposed to control the start modes of the drives of the jib lifting and crane turning mechanisms.

3. Based on the results of a dynamic analysis of the simultaneous movement of the jib lifting and
turning mechanisms of a jib crane, the cause of virtually undamped oscillations of the load on a
flexible suspension has been identified, which is determined by the nature of the change in the driving
forces of the drives. In particular, the almost instantaneous change in the driving forces of the drive
mechanisms has a significant impact on the oscillatory processes. To minimize the oscillatory
processes in the structural elements of the jib system, it is necessary to optimize the starting and
braking modes of the drive mechanisms.
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Cmamms naditiwna 25.09.2025

Jloseiikin B. C., Pomacesuy FO. O., Jloseiikin FO. B., Jluuko A. I1., ITouka K. 1.
JUHAMIYHUA AHAJII3 OTHOYACHOT'O PYXY MEXAHI3MIB IMIJAOMY CTPLIIM TA IOBOPOTY KPAHA

EdexruBHicth poOOTH CTPINOBUX KpaHIB B 3HAYHIMA Mipi 3aJEKUTh BiJ IMABULIECHHSA IXHBbOI NPOAYKTMBHOCTI NPHM BUKOHAHHI
HaBaHTaXXyBaJIbHUX, PO3BAHTAKYBAJIBHUX Ta MOHTHKHUX onepaiiid. [TiBUIIEHHS NPOIXYKTUBHOCTI CTPIIOBUX KPaHIB JOCSATaeThes 32
PaxyHOK 3/1if{CHEHHsI OJJHOYACHOI POOOTH OKPEMHX MEXaHi3MiB. METOI0 HaBEEHOro JIOCIIUKEHHS € 1o0y/10Ba MaTeMaTHYHOT MOielTi
Ta 3JiCHEHHs JIMHAMIYHOrO aHaJi3y CTPUIOBOI CUCTEMH KpaHa IIpH OJHOYACHIH poOOTI MeXaHi3MiB MiAHOMy CTpUIM Ta MOBOPOTY
kpana. HasezmeHi nocnipkeHHst 0a3yloThCsi Ha MeTOHAax MOOYAOBM JMCKPETHHUX JMHAMIYHMX MOJENeH CTpUIOBOro KpaHa i3
3aCTOCYBaHHSM pIBHSAHB Jlarpamka Jpyroro poiy, YMCENIbHUX METOAAX PO3B’A3YBaHHS HENIHIMHMX 3BHUYANHUX JuQepeHIiaIbHuX
PIBHSHB, SIKI NPEACTAaBJIEHI Y BUIVIAAI KOMII'FOTEPHOI MPOrpamMy Ta METOJAX JMHAMIYHOIO aHaJi3y OHOYACHOIO PyXy KpaHOBHX
MexaHi3MiB. B HaBezieHili cTaTTi po3B’sI3y€eThes 3a/jaua IMHAMIKK OJTHOYACHOIO PyXy MEXaHI3MIB MiAHOMY CTPUIM Ta IIOBOPOTY KpaHa.
CrpinioBa cucTeMa KpaHa HPEACTAaBJICHA JMHAMIYHOIO MOJCIUIO 3 YOTHPMA  CTYNEHSMH CBOOOIM, /I€ BPAaXOBAaHO OCHOBHMH pyX
MEXaHi3MiB HiIOMY CTpLJIM Ta IMOBOPOTY KpaHa i KOJMBAHHS BaHTaXy Ha THY4KOMY MiJBici. B pe3ysbTaTi poBeaeHOro AMHaMI4HOro
aHaN3y BU3HAYEHI KIHEMATWYHi, JMHAMIYHI Ta EHEPreTHYHi XapaKTePUCTUKA OKPEMMX JIAHOK CTPUIOBOI CHCTEMH KpaHa HpH
OZIHOYACHIH POOOTI MEXaHI3MIB IMIHOMY CTPUIM Ta MOBOPOTY KpaHa. JIOCHIPKEHO OCHOBHMH pyX NMPUBOIHUX MEXaHI3MIB MitioMy
CTPUIM Ta TOBOPOTY KpaHa, a TaKOX HM3bKOYACTOTHI IPOCTOPOBI KOJMBAHHS BaHTAXy Ha THydyKoMmy mingici. BeranoBiieHo, 1o
JIMHaMIKa PyXy MEXaHi3MiB 3aJIeXHUTh BiJ| XapakTepy 3MiHH PYLIIMHHUX CHJI NPUBOJIB, & HU3bKOYACTOTHI KOJMBAHHS BAHTAXy Ha
THYYKOMY HiJIBICi IPAKTUYHO HE 3aTyXalOTh 1 TPUBAIOTH POTATOM BCHOT'O LIUKITY PYXY.

JI1s MOKpalleHHs: AMHAMIKUM OJJHOYACHOTO PyXy MEXaHi3MIB Ta MiHiMi3allil KOJMBAJIBHHUX IPOLECIB JAHOK CTPLIOBOI CHCTEMH
PEKOMEH/I0BaHO OOMPATH PEXUMH IUIABHOI 3MiHM PYLIIMHUX CHJI MPUBOJIB HA AUIHKAX MEPEXiIHMUX IMpoLeciB (IyCK, raibMyBaHH:),
SIKi 320€3Me4ytoTh Oa)kaHUil pyX BUKOHABUMX MEXaHi3MIB Ta IIPUBOATH J10 3HHKECHHSI HABAHTAXKEHb.

Kimro4oBi ciioBa: MexaHisM MifHOMY CTpiIM, MEXaHi3M IOBOPOTY KpaHa, KOJMBAJIbHI IPOLECH, PYIIHHI CHJIM, JUHAMIYHI
HABaHTAKEHHS.

Loveikin V.S., Romasevych Yu.O., Loveikin Yu.V., Liashko A.P., Pochka K.I.
DYNAMIC ANALYSIS OF THE SIMULTANEOUS MOVEMENT OF THE JIB LIFTING AND CRANE TURNING
MECHANISMS

The efficiency of jib cranes largely depends on increasing their productivity when performing loading, unloading, and installation
operations. The simultaneous operation of individual mechanisms increases the productivity of jib cranes. The purpose of this study is to
construct a mathematical model and perform a dynamic analysis of the crane jib system during the simultaneous operation of the jib
lifting and crane turning mechanisms. The presented research is based on methods for constructing discrete dynamic models of a jib
crane using second-order Lagrange equations, numerical methods for solving nonlinear ordinary differential equations, which are
presented in the form of a computer program, and methods for dynamic analysis of the simultaneous motion of crane mechanisms. The
problem of the dynamics of simultaneous motion of the jib lifting and crane turning mechanisms is solved in this article. The crane jib
system is represented by a dynamic model with four degrees of freedom, which considers the main motion of the jib lifting and crane
turning mechanisms and the oscillation of the cargo on a flexible suspension. As a result of the dynamic analysis, the kinematic,
dynamic, and energy characteristics of individual links of the crane jib system are determined during the simultaneous operation of the jib
lifting and crane turning mechanisms. The main movement of the drive mechanisms for lifting the jib and crane turning, as well as the
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low-frequency spatial oscillations of the cargo on a flexible suspension, were investigated. It has been established that the dynamic
motion of the mechanisms depends on the character of the change in the driving forces of the drives. Low-frequency oscillations of the
cargo on a flexible suspension practically do not dampen and continue throughout the entire movement cycle.

To improve the dynamics of simultaneous motion of mechanisms and minimise oscillatory processes of the jib system links, it is
recommended to select modes of smooth change of driving forces of drives in transition processes (starting, braking), which ensure the
desired movement of executive mechanisms and lead to a reduction in loads.

Keywords: jib lifting mechanism, crane turning mechanism, oscillatory processes, driving forces, dynamic loads.
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