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The dynamic model of joint movement of mechanisms has been developed, which takes into
account the main movement of drive mechanisms and oscillating movement of the load on a
flexible suspension and links of mechanisms with elastic properties. A mathematical model of the
motion of mechanisms is constructed on the basis of a dynamic model. For a specific jib system of
the tower crane, dynamic calculations were performed. According to the results of the calculations,
a dynamic analysis of the joint trolley movement and hoisting mechanism was carried out. The
analysis revealed significant dynamic and energy overloads of mechanisms during transients (start,
braking) and the presence of high-frequency oscillations in the links with elastic properties and
low-frequency oscillations of the load on a flexible suspension.
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Introduction

In real tower cranes operation conditions for the purpose of productivity
increase of performance of load operations the combination of simultaneous
use of several mechanisms is carried out. So, for example, simultaneous use of
trolley and hoisting mechanism, and also other mechanisms can be used.
However, at the same time, especially when performing transients (start,
braking), the elements of the drive mechanisms and the design of the crane
increase the dynamic loads, which reduce the reliability of the crane as a whole
and its individual mechanisms.

Therefore, there is a need for research on the dynamics of motion in the
joint work of mechanisms. The most common are the combination of the
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lifting mechanism with other mechanisms of the crane (changes of departure,
rotation and movement).

In this regard, we will conduct a dynamic analysis of the joint operation of
the trolley and hoisting mechanism, as during the operation of these
mechanisms there are significant high-frequency oscillations of the drive
elements and low-frequency oscillations of the load on the flexible suspension.

Thus, the task of establishing dynamic loads during the operation of the
trolley and hoisting mechanism is relevant, as it reflects the real operating
conditions of tower cranes.

Analysis of publications

Most of the authors have investigated the dynamic, kinematic, moving and
hoisting mechanisms, energetic, electric processes, durability, and vibration,
which take place in the different types of cranes and hoisting machines
including tower cranes [1-8].

The scientists [9] created a mathematical movement model of the cart with
loaded block pulley in hoisting machines and simulated a dynamic pulley
block model using software and concluded that by neglecting the mass
variation and the rope rigidity of the block, could simplify the dynamics of the
modeling block pulley in hoisting cranes.

The purpose of the paper [10-11] is a dynamic identification of the tower
crane's laboratory model and the development of the controller of the cart
position along the jib, along with, the damping payload oscillations in the x-
line.

In the scientific paper [12] the dynamics of the joint movement of both the
crane slewing and cart moving mechanisms are investigated. Research objects
overloads of exceeding admissible values are revealed as well as a load of
spatial fluctuations.

With the object of cutting the oscillations of the load on the flexible
suspension, some optimization tasks have been solved [13-14]. The
investigators used a complex dynamic integral criterion for solving a problem
of cutting load oscillations during the operation of the tower crane slewing
mechanism.

In the paper [14] a particle swarm method for numerically solving
optimization problems was used. The authors make a mathematical model that
solves by method of time optimal control, and can be integrated analytically.

The scientific article [15] describes the methodology of laboratory research
of samples of drive systems with energy-saving permanent-magnet electric
motors, for modern construction cranes operation. The elements of the crane
drive system were also experimentally checked and their compliance with the
current standards was confirmed. And to do this necessary software that
simulated the control the dynamometer as well as the load per crane was
developed.

The researches [16] have developed a mathematical model to simulate the
tower crane operation in real time, which allows intensifying and speeding up
engineering construction operations, as well as simplifying project planning.
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This model was presented in the form of two subsystems: kinematic and
dynamic model.

The author [17-18] emphasizes the need for a comprehensive approach to
the optimization of multi-drive crane systems and focus on reducing vibration,
minimizing static and dynamic loads, energy consumption.

Purpose of the paper

The aim of the work is to determine and analyse the dynamic loads that
occur in the elements of the tower crane during the joint trolley movement and
hoisting mechanism in tower crane.

Research results

The jib system of the tower crane (Fig. 1) will be presented as a holonomic
mechanical system consisting of absolutely rigid bodies of trolley and hoisting
mechanism, except for a traction rope of movement of the cart and a load rope
which have elastic properties and a flexible suspension of load in the plane of
change of tower crane flight.
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Fig. 1. Dynamic model of trolley and hoisting mechanism

All drive elements of the lifting mechanism are reduced to the axis of the
drive drum 1, and the mechanism of change of tower crane flight to the
drum 2. The trolley 3 moves on the beam jib 4 by means of a traction rope 5
with stiffness ¢, or ¢j depending on the direction of the truck movement. The

load rope 6 with the stiffness coefficient ¢; forms a pulley system 7, to which

the load 8 is suspended.

Thus, the presented dynamic model of the jib system with the joint
movement of the mechanisms of change of tower crane flight and load lifting
has 5 degrees of freedom. The generalized coordinates of this model are the
angular coordinates of the drive drums according to the lifting mechanism o
and change of of tower crane flight 3, as well as the deviation of the load hoist
from the vertical v and the linear coordinates of the centers of mass of the truck
z and load u.
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The system is driven by the driving moments of the drive mechanisms for
lifting the load M, and change of tower crane flight A/, , as well as the force
of resistance of the trolley W.

To compile the differential equations of motion of the presented dynamic
model of the joint motion of the trolley and hoisting mechanism, we use the
Lagrange equations of the second kind, which have the form:

40T T _y o1 2R
dr oo, oo do.  Oa
dor T _y O R
dt op OB B oB
dor_or _ _y ol _0JrR
dt oz oz oz @’
dor_or __om_ér
dtow ou ou ou’
dor_or__ol_oR (1)
dt v ov ov  Ov
where T, I1 —respectively the kinetic and potential energy of the system; M|,
M, — the driving moments are reduced to the drive drums according to the
mechanisms of load lifting and change of tower crane flight; ¢+ — time change
coordinate; R — dissipative Rayleigh function; W - resistive force of the

movement of the cart.
Determine the kinetic energy of the system

172, 1742,1 2,1 -2, 2
T==Lo " +=L,B +=mz" +=m(x" + R 2
o0 5 2B N 5 (x*+%) )

where /;, I, — reduced to the axes of the drive drums moments of inertia of
the drives, respectively, the mechanisms of lifting and change of tower crane
flight; m;, m — the mass of the cart and the load, respectively; x, y —
coordinates of the center of mass of the load.

Find the function of the potential energy of the system

In= %Cl (o —nu)2 +%C2 Bry —z)2 —mgucosv, 3)

where #, r, —radii of drive drums according to mechanisms of lifting of load
and change of departure; n — the multiplicity of the hoist of the lifting
mechanism; g — free fall acceleration.
The dissipative function of Rayleigh is determined by the following
dependence
R =%b1 (6 —mi)? +%b2(['3r2 —z2)? +%b\'/2, (4)

where b,b,,b — dissipation coefficients of elastic elements of load and

traction ropes, respectively, as well as flexible load suspension.
Find the coordinates of the centers of mass of the load and their time
derivatives:
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X=z4usinv, y=ucosv, (5)
X=Z+usinv+vucosv, y=ucosv—vusinv. (6)
Find the derivatives of the expressions (2), ..., (4), necessary for the system

of equations (1):
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oo Op oz Ou Ou ou) ov ov ov
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a—l,e=—bn(dr1 —nil); a—],e=b\3.
u ov

After substituting expressions (7),..., (10) in the system (1) we obtain a
system of differential equations of the joint motion of the mechanisms of
change of departure on the lifting of the load of the tower crane with a beam
jib:
Loa=M,~Cyrj (ovj —nu)=byri (o —nu),
LB=M,—Cory(Bry—z)=byr, (Bry —2),

myz+mx=C, (Br, —z)—b,r, (BFZ_Z.)_W’
(11)

m( 6x+ya_j Cin(ory —nu)+mg cosv+bn(on —nu),
ou ~ Ou

ov

( :0x ya j —mgusinv+by.
Ov
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The driving moments on the shafts of the electric motors of the mechanisms
of lifting and changing the departure of the load at a power of more than 5 kW
can be determined by the following Kloss formulas, taking into account their
reduction to the drive drums we have:

2M,, -u;-m
M] _ ey Y1 ’ (12)
1—(0“41/0)10)+ Ses
Ses, 1= (o o)
2M,, -uy M
M2 _ cvy 27112 (13)
1= (Bua/09) Ses)
Ses, 1= (o, [09)
Here M, .M., — critical values of moments of electric motors of

mechanisms of rise and change of tower crane flight accordingly; u;,u, — gear
ratios of drives according to the mechanisms of lifting and change of tower
crane flight; m;,m, —k.k.d. drives of mechanisms of rise and change of tower
crane flight accordingly; ®;q, ®,, — synchronous angular velocities of the
rotors of electric motors of lifting and changing mechanisms; S, S, —
critical sliding of electric motors of lifting mechanisms and change of tower
crane flight which are defined by the following dependences:

S =(1—‘°1“J(x1+Jx127—1), S, =(1—°’2“J(x2+\/@), (14)

ST W0

where ®;,, ®,, — nominal angular speeds of rotors of electric motors of
mechanisms of rise on changes of tower crane flight; A;, A, — coefficients of
overload of electric motors of mechanisms of lifting and changes of toweR
crane flight.

Find the derivatives of the coordinates of the center of mass of the load
present in the system of equations (11)

g—xzsinv, —y=cosv,

u au (15)
ox _ ucosv, @ —usinv,
Ov Ov

(16)

X =%+l —v2u)sin v+ (Vu + 2uv) cosv,
3 = (i —v*u) cos v+ (Vu + 2uv) sin v.
The solution of the system of equations (11) taking into account expressions
(12),..., (16) is carried out under the following initial conditions of motion:
_ uon

t=0, a="9" 6=0,p=20,B=0, z=zy, =0, si=uy, i =0, v=0, ¥=0,(17)
n ]
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where z, — the initial coordinates of the position of the cart; u, — the initial
coordinate of the vertical position of the load.
For the tower crane jib system with parameters: m=5000kg; m;=300kg;

1,=50.16kg-m’; I, =87.48kg-m’; M,, =2881.0N-m; M, =1453N-m;
AM=29; Ary=24; u=302; u,=18; m;=0.8; m,=0.71; 5 =0.20m;
5 =015m; S, =0206; S, =0389; w,=605rad/s; @,,=958rad/s;
) =62.8rad/s; ) =104.7rad/s; z,=100m; u;=16.0m; n=2;
C,=7.2410°N/m ; C,=2.1510°N/m; b =6.3710*N-s/m ;
by =2.810*N-s/m; h=1.05-10°N-m-s/rad; g=9.81m/s the calculation of

the developed mathematical model of joint movement of mechanisms of
change of tower crane flight and load lifting is carried out.
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Fig. 2. Graph of the angular velocity of the trolley drive drum

As a result of calculations of the dynamic analysis of the joint movement of
mechanisms of change of tower crane flight and load lifting of the tower crane
graphic dependences of kinematic (Fig. 2,..., Fig. 5), dynamic (Fig.6,...,
Fig. 9) and power are constructed (Fig. 10 and Fig. 11) characteristics of the
jib system.

Figure 2 shows a graph of the angular velocity of the drive drum of the cart,
which shows that the drum acquires a steady speed of 5.6 rad/s for 0.5 s. At the
same time, small high-frequency oscillations of the angular velocity of the
drum are observed in the area of steady motion, which attenuate rather quickly
(within 3 s).

However, the cart in the area of steady motion has significant high-
frequency oscillations of the speed (Fig. 3), with a maximum value of the
amplitude of oscillations of 0.1 m/s, which is 12% of the steady speed. But,
these fluctuations also attenuate fairly quickly.
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Fig. 3. Graph of the speed of the cart
u, m/s
20
15
10
05
t,s
1 2 3 4 5
Fig. 4. Chart of speed of load lifting
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Fig. 5. Graph of the speed of horizontal movement of the load

In the horizontal component of the load speed (Fig.4) there are low-
frequency oscillations, which are caused by pendulum oscillations of the load
on a flexible suspension. The maximum value of the horizontal component of
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the load speed reaches 1.4 m/s, which is 1.7 times higher than the steady speed
of the cart. Low-frequency oscillations of the load on the flexible suspension
attenuate quite slowly, which must be damped by special means of controlling
the movement of crane mechanisms.
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Fig. 6. Graph of the driving moment of the drive of the mechanism of load lifting
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Fig. 7. Graph of the driving moment of the drive of the cart movement

The vertical component of the speed of the load (Fig. 5) is quite fast (for
0.4 s) becomes stable without any fluctuations in the speed of the lifting
mechanism.

The driving moment of the load lifting mechanism at the launch site (Fig. 6)
reaches 7000 Nm, which is 3.5 times higher than its established value. This
indicates a significant overload of the lifting mechanism during the transition
processes (start-up, braking).

The maximum value of the driving moment of the drive of movement of the
cart during start-up makes 1850 N-m (Fig. 7) that is almost 9 times higher than
its minimum and 6 times the maximum value on a site of the established
movement. In addition, high-frequency oscillations of the driving moment of
the drive of the trolley movement are observed in the area of steady traffic,
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which attenuate within three seconds. From the above it can be concluded that
the mechanism of movement of the trolley at the launch site works with
significant overloads.
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Fig. 8. Graph of effort change in a load lifting rope
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Fig. 9. Graph of effort change in a rope of the cart movement
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Fig. 10. Graph of power change of the drive of the load lifting mechanism
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Fig. 11. Graph of power change of the drive of the cart movement mechanism

The maximum value of the traction force in the rope during the start of the
lifting mechanism is 15 kN (Fig. 8), which is 1.5 times higher than its
established value. These results also indicate the overload of the traction rope
of the lifting mechanism during the transient start-up process.

Significant high-frequency oscillations take place in the traction rope of the
cart movement mechanism (Fig. 9), which attenuate within five seconds of
movement. The maximum value of the traction force is observed at the
beginning of the start and is 3.2 kN, which is more than three times its
minimum value in the area of steady motion. All this indicates a significant
dynamic overload of the mechanism for moving the cart with the load.

In the process of starting the load lifting mechanism, the power of the drive
motor increases sharply to a maximum value of 120 kW (Fig. 10), and then
also drops sharply to a steady state value of 40 kW. This mode of starting the
lifting mechanism leads to three times the overload of the engine in power
compared to the steady state mode.

The power of the drive motor of the mechanism of movement of the cart
(Fig. 11) also sharply increases in the course of start-up to the maximum size
of 7,5 kW then decreases sharply decreases to the steady value of 2,0 kW.
There are slight high-frequency power fluctuations in the steady-state area,
which attenuate for five seconds.

Conclusions

According to the results of research, the following conclusions can be
drawn:

1. The mathematical model of dynamics of joint movement of change of
tower crane flight and load lifting of the tower crane with a beam jib is
constructed. The developed model takes into account the main movement of
the drive mechanisms, as well as high-frequency oscillations of the links with
elastic properties and low-frequency oscillations of the load on the flexible
suspension.

2. As a result of the calculations, a dynamic analysis of the joint movement
of the trolley and hoisting mechanism was carried out. There are high-
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frequency oscillations of the links of the mechanisms possessing elastic
properties which attenuate quickly enough, and also low-frequency oscillations
of freight on a flexible suspension which practically do not attenuate.

3. To reduce the overload of the trolley and hoisting mechanism during
start-up and braking, as well as elimination of oscillations in areas of steady
traffic, it is recommended to optimize the modes of joint movement of
mechanisms and develop drive control systems.

REFERENCES

1. LeT.A. Nonlinear controls of a rotating tower crane in conjunction with trolley motion. /
Le T.A., Dang V.H., KoD.H., AnTN., Lee, S.G. // Proceedings of the Institution of
Mechanical Engineers, Part I: Journal of Systems and Control Engineering. — 2013. - 227(5). —
P. 451-460. doi:10.1177/0959651812472437

2. Loveikin V. Agrotronics and optimal control of cranes and hoisting machines: monograph./
Loveikin V., Romasevych Y., Shymko L., Ohiienko M., Duczmal W., Potwora W., Titova L.,
Rogovskii 1. //. - Opole: The Academy of Management and Administration in Opole, 2020.
164 p.

3. Ju F. Dynamic response of tower crane induced by the pendulum motion of the payload. /
JuF., Choo Y.S., Cui F.S.// International Journal of Solids and Structures. - 2006. - 43(2). — P.
376-389. doi:10.1016/j.ijsolstr.2005.03.078

4. Stanisic. M. On a new theory of the dynamic behavior of the structures carrying moving
masses, Ingenieur-Archiv . — 1985. - 55(3). — P. 176185, doi: 10.1007/bf00536412.

5. Ju, F. Dynamic Analysis of Tower Cranes. /JuF., Choo Y.S. // Journal of Engineering
Mechanics. —2005. — 131(1). — P. 88-96. doi:10.1061/(asce)0733-9399(2005)131:1(88)

6. Schlott P. Modelling the structural dynamics of a tower crane. / Schlott P., Rauscher F.,
Sawodny O.// IEEE International Conference on Advanced Intelligent Mechatronics (AIM). —
2016. doi:10.1109/aim.2016.7576860

7. Wu T.S. Anti-sway tracking control of tower cranes with delayed uncertainty using a robust
adaptive fuzzy control. / Wu T.S., Karkoub M., Yu W.S., Chen C.T., Her M.G., Wu K.W. //
Fuzzy Sets and Systems. —2016. —290. — P. 118-137. doi:10.1016/.fss.2015.01.010

8. Loveikin V. Crane motor optimization. / Loveikin V., Romasevych Yu., Liashko A.// Journal
of Theoretical and Applied Mechanics. — 2021. — Vol.51. — P. 65-75.

9. Reutov A.A. Dynamic Modeling of Lift Hoisting Mechanism Block Pulley./ Reutov A.A.,
Kobishchanov V.V., Sakalo V.I. // 2™ International Conference on Industrial Engineering,
ICIE. Procedia Engineering. 2016. Volume. 150. P. 1303-1310.
https://doi.org/10.1016/j.proeng.2016.07.300

10. Kozakova Alena. Tuning Methods to Attenuate Oscillatory Load-Disturbance Response: A
Comparative Study. / Kozakova Alena, Capkova Romana, Bucz Stefan. // 6th International
Conference on Advanced Control Circuits and Systems (ACCS) & 2019 5th International
Conference on New Paradigms in Electronics & information Technology (PEIT). — 2019. — P.
197-202. doi:10.1109/ACCS-PEIT48329.2019.9062845

11. Capkova Romana. Experimental Modelling and Control of a Tower Crane. / Capkova
Romana, Kozakova Alena, Bucz Stefan. // IEEE 2019 22nd International Conference on
Process Control (PC19). —2019. — P. 97-101. doi:10.1109/pc.2019.8815327

12. Lovejkin V.S. (2020) Dynamic analysis of roller molding installation taking into account
dissipative properties balanced drive mechanism. / Lovejkin V.S., Romasevich Yu.O.,
Loveikin A.V., Mushtyn D.I. // Machinery & Energetics. Journal of Rural Production
Research. —2020. — 11(1). — P. 5-11. DOI: 10.31548/machenergy.2020.01.005-011 (in
Ukrainian).

13. Lovejkin V. (2019) Optimization of the swinging mode of the boom crane upon a complex
integral criterion. / Loveikin V., Romasevych YU., Kadykalo I., Liashko A. // Journal of
Theoretical ~and  Applied  Mechanics 49  (3).2019. P.  285-296.  doi:
10.7546/JTAM.49.19.03.07.

14. Romasevych Y. Closed-loop optimal control of a system Trolley — Payload. / Romasevych Y.
Loveikin V., Stekhno O. // UPB Scientific Bulletin, Series D: Mechanical Engineering 81(2).
—2019.-P.3-12.



ISSN2410-2547 279
Omip matepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2022. Ne 108

15. Michna M. Mechanical-Level Hardware-In-The-Loop and Simulation in Validation Testing of
Prototype Tower Crane Drives. / Michna M, Kutt F, Sienkiewicz L., Ryndzionek R, Kostro G,
Karkosinski D, Grochowski B. // Energies. 2020. 13(21):5727.
https://doi.org/10.3390/en13215727

16. Shih-Chung Kang. Numerical Methods to Simulate and Visualize Detailed Crane Activities/
Shih-Chung Kang; Eduardo Miranda. //. Computer-Aided Civil and Infrastructure
Engineering. — 2009. — 24(3). — P. 169—185. doi:10.1111/j.1467-8667.2008.00579.x

17. Chwastek Stefan. Optimization of crane mechanisms to reduce vibration. Automation in
Construction. —2020. — 119. — P. 103335-103344. doi:10.1016/j.autcon.2020.103335

18. Chwastek S. Finding the globally optimal correlation of cranes drive mechanisms. Mechanics
Based Design of Structures and Machines. 2021. P. 1-
12. doi:10.1080/15397734.2021.1920978

19. Loveikin V. S., Pochka K. I., Prystailo M. O., Balaka M. M., Pochka O. B. Impact of cranks
displacement angle on the motion non-uniformity of roller forming unit with energy-balanced
drive. Strength of Materials and Theory of Structures. 2021. Issue 106. P. 141-155. DOL:
10.32347/2410-2547.2021.106.141-155.

20. Loveikin V. S., Pochka K. I., Prystailo M. O., Balaka M. M., Pochka O. B. Impact of cranks
displacement angle on the motion non-uniformity of roller forming unit with energy-balanced
drive. Strength of Materials and Theory of Structures. 2021. Issue 106. P. 141-155. DOL:
10.32347/2410-2547.2021.106.141-155.

Cmamms nadiviwna 26.10.2021

Jloseiixin B.C., Pomacesuu 10.0., lumko JI.C., Jlogeiikin FO.B., Ilouka K.1.
JAHAMIYHUI AHAJII3 CYMICHOI'O PYXY MEXAHI3MIB 3MIHUA BUJIBOTY TA
HIIIOMY BAHTAXKY BAIITOBOI'O KPAHY

B npencrasieniit po6oTi mocrasieHa 3a1a4a JOCTIIKEHHS CyMicHOT poOOTH MeXaHi3MiB 3MiHH
BWIBOTY Ta IIJOMY BaHTaxy OAalITOBOrO KpaHy 3 O0ajouHOK0 CTpinoro. s MpoBeICHHS
JOCITIIKEHb PO3POOJICHO AMHAMIYHY MOJENb CYMICHOTO pPyXy MEXaHi3MiB, sika BpaxoBYye
OCHOBHHH pyX HPHBOIHHX MEXaHI3MIB Ta KONMBAJIbHUH PyX BaHTaXXy Ha THYYKOMY MifBici i
JIAHOK MEXaHi3MiB, L0 BOJOAIIOTH NPYKHUMH BiactHBOCTsAMU. Ha 6a3i auHamidHOI Monemi 3a
JIONIOMOror0  piBHsAHb Jlarpamka Apyroro poay mnoOyZOBaHO MAaTeMAaTHYHY MOZACIb PyXy
MexaHi3miB. [lJii KOHKPETHOI CTpiJioBOi cHcTeMH OaliTOBOrO KpaHa 3IiMCHEHO IUHAMIiuHi
PO3paxyHKH 3a JOIMOMOIOK PO3po0JICHOT MaTeMaTH4HOI MOJeli. 3a pe3yJbTaTaMH PO3PaxyHKiB
IPOBEICHO ANHAMIYHHI aHaJi3 CYMICHOrO pyXy MeXaHi3MiB 3MiHH BHJIBOTY Ta HigHOMy BaHTaXy.
B mporieci mpoBeseHOro aHanidy BHSBICHI 3HAYHI JMHAMIYHI Ta €HEPreTHYHI MEpPEeBAHTaKCHHS
MEXaHi3MiB MiJ Yac MPOXOKCHHs IepeXifHuX mpoueciB (MycK, ralbMyBaHHs;) Ta HAasABHICTb
BHUCOKOYAaCTOTHUX KOJIMBaHb B JIaHKaX, M0 BOJ'[O):li}OTb NPY>XHUMHU BJIACTUBOCTAMU Ta
HHM3bKOYaCTOTHUX KOJIMBAaHb BAaHTAXY Ha THYYKOMY IiJBiCi.

Jl1st 3MEHILEeHHS IePeBaHTa)KCHb KPAaHOBUX MEXaHI3MIB Ha AUIIHKAX MEPEXiJHUX MPOLECIB i
YCYHEHHSI KOJMBAaHb MiJ Yac YCTAJEGHOIO PyXy PEKOMEHIOBAHO 3AiMCHIOBATH ONTHMi3allilo
PESKUMIB PyXy 1 pO3pOOJISITH CHCTEMH KEepyBaHHs MPUBOJAMH, 1100 peaisyBaTH OaskaHi peXKUMH
pyxy-

KurouoBi ciioBa: nuxamika, aHaii3, OaIITOBUI KpaH, CyMicHHI pyX, MiZHOMHHUI MeXaHi3M,
BI30K, BAHTaX, ONTHMI3allis

Loveikin V.S., Romasevich Yu.A., Shymko L.S., Loveikin Yu.V., Pochka K.I.
THE DYNAMIC ANALYSIS OF THE JOINT TROLLEY MOVEMENT AND HOISTING
MECHANISM IN THE TOWER CRANE

The task of this paper is to research the simultaneous use of trolley and hoisting mechanism by
the tower crane with a beam jib. To conduct research, a dynamic model of joint movement of
mechanisms has been developed, which takes into account the main movement of drive
mechanisms and oscillating movement of the load on a flexible suspension and links of
mechanisms with elastic properties. A mathematical model of the motion of mechanisms is
constructed on the basis of a dynamic model with the help of Lagrange equations of the second
kind. For a specific jib system of the tower crane, dynamic calculations were performed using the
developed mathematical model. According to the results of the calculations, a dynamic analysis of
the joint movement of trolley and hoisting mechanism was carried out. The analysis revealed
significant dynamic and energy overloads of mechanisms during transients (start, braking) and the
presence of high-frequency oscillations in the links with elastic properties and low-frequency
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oscillations of the load on a flexible suspension.

To reduce the overload of crane mechanisms in the areas of transients and eliminate
oscillations during steady traffic, it is recommended to optimize traffic modes and develop drive
control systems to implement the desired traffic modes.

Key words: dynamic, analysis, tower crane, joint movement, hoisting mechanism, hook
blocks, load, optimization.

Jlogetixun B.C., Pomacesuy FO.A., [Llumxo JI.C., Jlogetikun FO.B., I[louxka K. Y.
JTUHAMMUWYECKHA AHAJIU3 COBMECTHOI'O JIBUKEHUSI MEXAHU3MOB
U3MEHEHWUS BBIJIETA U IOABEMA I'PY3A BAIIEHHOI'O KPAHA

B mpencraieHHoil paboTe IOCTaBlieHa 3ajadya MCCICAOBAHHUS COBMECTHOM paboThl
MeXaHM3MOB M3MEHEHHsI BBUIETa U MOJbeMa Ipy3a OalleHHOro KpaHa ¢ OanoyHol ctpeno. [lis
IPOBEICHHUS HCCICHOBaHUH pa3paboTaHa [JUHAMHYECKAss MOJECIb COBMECTHOIO JBIIKCHHS
MCXaHHU3MOB, KoTOpas YYHATBIBACT OCHOBHO€ JBHIKCHHUEC IIPUBOJHBIX MECXaHHU3MOB H
KosebaTebHOS IBI)KCHHE Ipy3a Ha TMOKOM IIOBECE M 3BEHBCB MEXaHHM3MOB, 00JaJaroIiX
ynpyruMu cBoiictBamu. Ha 6a3e nuHamMu4ecKoil MoJenu C NOMOLIbIO ypaBHeHMH Jlarpanika
BTOPOr'0 POJa MOCTPOCHA MAaTeMAaTHYeCKas MOJCIb JBMIKCHHS MEXaHH3MOB. Il KOHKPETHOI
CTPEJIOBOI CHCTEMBI OAlICHHOr0 KpaHa OCYIIECTBICH ANHAMHUYCCKHE PACYeThl C ITOMOLIBIO
pa3paboTaHHOW MaTeMaThdeckoil Mojesu. I1o pe3ynbTataM pacyeToB IMPOBEACHO AWHAMHYECKUI
aHaJu3 COBMECTHOI'O ABMXXCHHUA MEXaHM3MOB U3MEHCHHS BBUIETA U IIOABEMA rpysa. B nporecce
MPOBCACHHOI'0 aHaJin3a BbIABJICHBI 3HAYUTCIIbHBIC JUHAMWYCCKUE U SHEPIETUHYCCKUEC MEPETrPY3KU
MEXaHU3MOB IIPU TPOXOXKIEHUHM IEPEXOJHbIX HPOLECCOB (IIyCK, TOPMOXXEHME) U HalIudue
BBICOKOYACTOTHBIX ~ KOJNEOaHMH B  3BEHbAX, OOJNAJAIOIIMX  YOPYTUMH  CBOWCTBAMH U
HHM3KOYaCTOTHBIX KoJieOaHuii rpy3a Ha THOKOM HoaBece.

HJ’IS{ YMCEHBIICHHUS MIEPETPY30K KPAHOBBIX MEXaHU3MOB Ha yJacCcTKaX MEPEXOAHBIX ITPOLECCOB U
YCTpaHCHUA KOJ'leGaHl/lﬁ BO BpPEMs YCTaHOBHUBIICTOCSA ABUXCHHUS PEKOMCHAYCTCSA OCYIIECTBIIATH
ONTUMH3ALUI0 PEXXKUMOB ABUXCHUA U paSpaGaTblBaTb CUCTEMBI YIIPABJICHUA IPUBOAAMH, '-lT06bI
pean30BaTh XKelaeMble PEKUMBI IBHIKCHUSL.

KiroueBble ci10Ba: TMHAMMKA, aHAJM3, OAlCHHBIH KpaH, COBMECTHOE JBHIKEHHUE, TOAbEMHBIH
MEXaHHU3M, TEJICKKA, I'Py3, ONTUMU3ALMUS.
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The dynamic analysis of the joint trolley movement and hoisting mechanism in the tower
crane // Strength of Materials and Theory of Structures: Scientific-and-technical collected articles.
—K.: KNUBA. 2022. — Issue 108. — P. 267-282.

The dynamic model of joint movement of mechanisms has been developed, which takes into
account the main movement of drive mechanisms and oscillating movement of the load on a
flexible suspension and links of mechanisms with elastic properties. A mathematical model of the
motion of mechanisms is constructed on the basis of a dynamic model. For a specific jib system of
the tower crane, dynamic calculations were performed. According to the results of the
calculations, a dynamic analysis of the joint movement of trolley and hoisting mechanism was
carried out. The analysis revealed significant dynamic and energy overloads of mechanisms
during transients (start, braking) and the presence of high-frequency oscillations in the links with
elastic properties and low-frequency oscillations of the load on a flexible suspension.

Fig. 11. Ref. 20.
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