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The article presents a method of solving the problem of elimination of oscillations of the load on a knuckle joint
suspension while simultaneously moving two links of the boom system. The problem is solved by two optimization
criteria, namely, the root-mean-square values of the generalized power and power of the drive mechanisms. The
solution to the optimization problem is presented in a discrete form. The multi-epoch particle swarm optimization (ME-
PSO) method has been used for that purpose. This helped to obtain the discrete values of the kinematic and power
characteristics of the boom system of the loader crane. The resultant optimal mode moving of the boom system
improved the loader crane in terms of performance, reliability and energy efficiency.
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Introduction

In the process of moving the load by the loader crane, dynamic loads occur in the elements
of the metalware and drive mechanisms. These loads are especially dangerous during the
transient processes of the movement of the boom system (starting and braking). At this moment
in time, one of the main causes occur of dynamic loads is the oscillation of the load on a
knuckle joint suspension. In turn, the oscillations of the load depending on the nature of the
change in the driving forces in the drive mechanisms (hydraulic cylinders) [1]. The
consequence is a decrease in the reliability and performance of loading and unloading
operations. The task of research is to obtain such laws of change of driving forces at which
fluctuations of load on a knuckle joint would be the smallest. It is proposed that to eliminate the
load oscillations and to reduce the dynamical forces, the starting process should be optimized.
For this purpose, it is advisable to use an integral criterion that takes into account the action of
dynamic forces in the hydraulic cylinders and their speed of movement. When solving the
optimization problem, there is a problem of minimizing the complex nonlinear integral
criterion. One of the ways to solve the above problem is to use the ME-PSO method [11, 12] or
other similar methods. The solution of this problem will make it possible to apply the
optimization methods for the motion modes of nonlinear mechanical systems.

Analysis of publications

The analysis of study [1-2] on the dynamics of motion of manipulators shows that the
scientific and technical problem was solved before, but to the full extent to eliminate the
fluctuations of the load failed.
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In the studys [3-5], a dynamic analysis of the joint trolley movement and hoisting mechanism
in the tower crane hoist is considered and a method is Drive power minimization of outreach
change mechanism of tower crane during steady-state slewing mode.

In the study [6-8], the results of recent research, development and implementation of applied
optimization methods, issues of formalization, classification and evaluation of complexity of
computational optimization problems are obtained. It is confirmed that optimization methods
can be used to solve a wide range of applied problems that arise in science, technology, biology,
economics, production, etc. Optimization by natural methods is widespread in various fields of
human activity.

One of the methods used to solve this problem is the particle swarm optimization (PSO)
method [8]. The authors of analyzed the genetic algorithm of PSO and the neuro-genetic
method of solving the problem.

The PSO method is used to calculate different control problems, design artificial neural
networks, process signals, etc. [8-15].

The authors of [14-15] propose a new method based on particle swarm optimization
technology. The basic idea is to restore a swarm of low-performing intelligence. The use of
technologies, the PSO method, or other similar methods and their modifications makes it
possible to use methods of optimizing the modes of motion of nonlinear mechanical systems.
The task of eliminating cargo fluctuations due to the choice of laws of change of motive effort
in hydraulic cylinders is new and contains elements of scientific novelty.

Purpose and research task statement

Elimination of the oscillations of the load fixed on the knuckle joint suspension by
optimizing the mode of change of driving effort in the hydraulic cylinder during starting and
horizontal movement of the load.

Research results

To achieve this goal, we used a loader crane consist of the main boom and a jib with a
telescopic extension system to which the load is mounted on a knuckle joint suspension. In the
process of moving the load by loader crane, we will assume that the main boom is stationary
and the load movement the going on only by lowering the jib and the movement telescopic
boom. In this, consider the case of moving the boom system of the loader crane, in which the
load moving horizontally. This mode of movement of the boom system provides significant
savings in the energy costs of the drive mechanisms of movement of the jib and the telescopic
extension system. This mode of movement of the boom system of the loader crane is achieved
by coordinated simultaneous operation of the mechanisms of movement of the jib and the
telescopic extension system.

For this case, the loader crane is presented as a holonomic mechanical system consisting of
absolutely rigid links, except for load that oscillate in the plane of moving. The dynamic model
of such a system has two degrees of freedom and is presented in (Fig. 1). For the generalized
coordinates of the accepted model, the linear coordinates of the centre of mass of the load z and
the horizontal coordinate of the point A of the telescopic extension system x are used. In this
case, the vertical coordinate of point A of the telescopic extension system always remains
constant, ie y4A=h=const. This is a kinematic condition that imposes additional attachment on
the loader crane in the process boom system moves.

In Fig. 1 accepted the following designations: a — the angle of the main boom to the horizon;
a — the length of the hydraulic cylinder motion of the jib; » — length of the jib; d — length of the
telescopic extension system; / — length of the knuckle joint suspension; f, v — is the angular
coordinates of rotation of the jib and the deflection of the load; x, x, x,, y, y1, ¥» — coordinates of
the centre of mass; U, U — lengths of hydraulic cylinders.

To compile the equations of motion of change of departure of the boom system of the loader
crane shown in Fig. 1, we use the second-order Lagrange equation [1]:
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where: 7, V is respectively the kinetic and potential energy of the system; O, — is a potential
component of the generalized force corresponding to the generalized coordinate x.
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Fig. 1. Dynamic model of the movement of the boom system of the loader crane

The kinetic and potential energy of the system is determined by the following dependencies:
1 TN T S S
T=—(J, +J +—m,S°+—mz~; 2
) ( 1772 )ﬁ PR ) z (2)

V= (my, +myy, +my)g, 3)
where: J;, J, is respectively the moments of inertia of the jib and the telescopic boom; m,, m,,
mj3 — respectively the weight of the jib, the telescopic boom and the load; S — is the coordinate of
the centre of mass of the telescopic boom in the direction of its movement; g — acceleration of
gravity.
Not a potential component of generalized force which corresponds to the coordinate x,
determine from the condition of equality of elementary works:

O.0x=F -0U, +F-oU, 4)
where: F), F — respectively the force in the hydraulic cylinders; 6U;, U — elemental
displacements of the rods of hydraulic cylinders, which are determined by the following
dependencies:

oU, = %&c; oU = 66—U5x (5)
X
After substituting expressions (5) in equation (4) we obtain:
ou ou
O, =F—t+F—. (6)
X ox
Take the necessary derivatives of expressions (2) and (3), and as a result, we have:
or 0B 10/ .aS . or
Ji+J, m,S=—; =—=0; 7
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After substituting expressions (6-11) in equation (1) we obtain:
%) 0 5 : 0 aJ
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By reducing similar terms in equations (12) and using dependencies:
2
B = x6— = 6ﬁ ﬁ, S = )'c@; S = )'c'a—S+5c26—S, we obtain the system of
Ox Y ox axz 0Ox ox ox?
differential equations of motion of the boom system of the loader crane with the load:
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We express the coordinate’s 5, S, yi, 2, y, Uy, U through the generalized coordinates x and z:
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Define the moments of inertia of the links of the boom system:

X

2 oJ
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In the last equation of system (13) we substitute the expression (14), as a result of which we
have:

xX—z
= . 22
f=g— (22)
Where do we find:
X=z+-z
R
g
R h 1w
X=z+—z . (23)
g

Using expressions (23), we replace the system of equations (13) with one differential
equation, which is represented in the following form:

2
(2+§z”/j[(]1 +J,) B2 +m2Sﬂ+(z'+§3j (1 +72) BB +

J 2
+m2SxSxx+2xTﬂx:|+(myx+m1y1x+m2y2x)g:Qx' (24)

According to the criterion of optimization of the mode of change of departure of the boom
system of the loader crane, we will choose the root-mean-square values of the generalized force
0., which has the form:

t)l

. 12 5
Ore = Ore =[%£Q§dt] :H%j('z#gz”j[(ﬁ +J,) B2 +m2Sﬂ+(z' +§zj x

no
J2.Br . 2 02
x (‘]1 + ‘]2)ﬂxﬂxx + m2SxSxx +T +mz +(myx +m Yyt m2y2x)g} dt} > (25)

where: ¢ — is the time; 7, — is the duration of the startup process of the loader crane.

The criterion obtained should be minimized because it reflects the costs of the reduced effort
of the drive mechanisms of the jib and the telescopic boom. However, it is not possible to
analytically minimize criterion (25) and choose laws of change of coordinate z = z () and its
derivatives under the boundary conditions of the process of starting the loader crane:

t=0:x=z=z),x=2z=0;
26
ezl sy 2
where: V; — speed of steady load movement; z, — the initial value of the z coordinate. We reduce
the system of boundary conditions (26) to the coordinate z and its derivatives in time. To do
this, we use dependencies (23), resulting in:

t=t

t=0: z=2z5, z=0, z=0, z=0;
Vi, . . 27)
t=t,: z=zo+—="=, z=V, z=0, z=0.
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To find an approximate solution the optimization problem (25), (27) we use an approach
whose essence is to define a class of multivariable functions that satisfy the boundary
conditions (27) and to determine the minimum value of criterion (25).

The class of multivariable functions on which we will find the approximate solution of the
optimization problem is given as the solution of the boundary value problem:

L(z)=0;

IZOIZZZO,ZZO, 2:0, ZZO,

t L (28)
t:?.z:ztn/z,z:ztn/z,

Vit, .
t:tn:z:zo+%, z=V

5

z=0, 2 =0,

where L — is an operator acting on the function z(?).
The boundary-value solution (28) contains two unknown parameters z, ,, and z, ,, In this

study, we take operator L(z) as a tenth-order differential equation L(z) = z(¢) . However, in the

general case, this operator may be different. Its rationale is beyond the scope of this paper.
Let us solve the boundary value problem (28). Then we form an expression of the functional
(25):
Cr= Cr(Zt,,/2’ Z.t,,/2’ 1), (29)

Which seems to be a nonlinear function of its arguments. In order to effectively find such
values and at which the functional (25) obtains a minimum, a modification of the ME-PSO
meta-heuristic swarm method was used [15]. Its application doesn't require the continuity and
differentiation of the criterion (29) and does not impose on the optimization problem rigid
requirements. As soon as we were able to build functional dependency (29) we can use the ME-
PSO method and find the optimal values for unknown parameters z, , and z, ,,. The

following parameters of the method are used in the work: acceptable rate of decrease of
criterion AR = 0,005; number of lobules (swarm population) — 50; the number of iterations is
40. These parameters make it quite efficient to use computing resources to solve the problem.
All calculations were made for the boom system of the loader crane with the following
parameters: m=155 kg; m;=65 kg; my=500 kg; h=1,9 m; zp=1,1 m; V=0,5 m/s; a=1,65 m;
b=0,5 m; ¢=2,2 m; d=1,8 m; £(,=0s; t,=1 s; g=9,81 m/s%.

As a result of using the method, the following values were obtained: z, ,, =1,15m and

Z.tn/2 = 0, 25 m/S.

A similar approach is also used to minimize the power of the root-mean-square value of the
drive mechanisms. The expression that describes this criterion is represented by the following
dependency under boundary conditions (27):

t}l 1/2 t)'l 2
P, :{%Iszdt} :{%f{(z +§ZIVJ[(E+§ZWJ((J1 +J,)+ B2 +m25f)+(z'+§é'j +
0

mo

Js. B2 . L
+[(‘]I + ‘]2)ﬂxﬂxx _m2SxSxx +2xTﬂxJ+mZ +(myx Tmyy t m2y2x)g} dt} . (30)

The multi-parameter function, which seeks the approximate minimum of criterion (30), is the
solution of the boundary value problem (28). The following parameter values were obtained for
this task: z, , =1,15m and z, /, =0,26m/s.
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The convergence of the ME-PSO method, which is illustrated by the graphs in Fig. 2,
indicates that for both problems such values were found and under which criteria (25) and (30)
obtain absolute minimums under boundary conditions (27).

As a result of the solution of the set optimization problem kinematic characteristics of the
links of the loader crane are obtained x(z), z(f), U(?), U,(¢), p(t) and their partial and full-time
derivatives, as well as the generalized force Q,, which includes the effort in the cylinders related
to the ratio:

ou ou
=F—+F—L. 31
O ox ' ox S
1600 75000
1500 65000
0 0
1400 °° 55000
1300 0........,..... 45000 0000 ,000000000000
0 10 20 0 10 20
Iterations Iterations

(@) (b)

Fig. 2. Graph of convergence of the optimization criterion to a minimum: (a) criterion of the root mean square value of
the generalized force; (b) the root mean square criterion of the power of the drive mechanisms

Now let's determine the force in the hydraulic cylinders of the telescopic boom F and the jib
F. To do this, let's solve the first task of dynamics. We will assume that all links of the
manipulator follow the laws determined by the solution of the optimization problem. This
system has three degrees of freedom. For the generalized coordinates, we use the linear
coordinate of the telescopic boom U, the angular coordinate of the movement of the jib £ and
the angular coordinate of the deviation of the load. For such a mechanical system, the equations
of motion will look like:
oU,

oB

—[ml emy (U+%)+m(U +d)}g-00813; (32)

[/ +J5 (U)]B+my (d+2U) BU~mz (U +d)sin f=F

mzlj—%mzﬁU(d+2U)+mécosﬁ:F—(m2 +m)g-sin f3;

Z=—g-tan-v,
From the first two equations of the obtained system we find the driving forces in the
hydraulic cylinders:
Fr = {7, + 1, )8+ my(d +20)BU - m2(U +d)Ssin  +
(33)

+{m1%+m2(U+%]+m(U+d)}gcosﬁ}/aa%;

F=m,U —%mz BU(d +2U )+ mz cos B+ (m, +m)g sin . (34)
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With %—(lj; determined by the dependence:

v, :_absin(a—ﬁ)_ (35)
op U,

As a result of the solution of the set optimization problems, phase portraits of the crane
loader crane movement were constructed (Fig.3), as well as: schedules of speeds and
acceleration of cargo (Fig. 4 and Fig. 5), graphs of the power of moving the jib (Fig. 6) and
moving the telescopic boom (Fig. 7), and graphs of efforts in hydraulic cylinders (Fig. 8 and

Fig. 9).
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Fig. 3. Phase portrait of load deflection

Analyzing the phase portraits (Fig. 3) of the load oscillations, we can note the following.

In the process of starting the manipulator, when changing the departure of the boom system
of the manipulator under different optimal modes of movement, there are slight deviations of
the load, which almost attenuate when entering the steady movement.

According to the criterion of optimization of the root mean square value of the generalized
force, the maximum value of the load-deflection is 0,12 m. The maximum value of the
deflection velocity is 0,7 m/s.

According to the criterion of optimization of the root mean square value of the power of the
drive mechanisms, the maximum value of the load deviation is slightly increased and is 0,13 m.
This case, the speed of deflection of the cargo is less and its maximum value is 0,6 m/s.

— criterion for optimization of

0.4

the root mean square value

of the generalized force

=z
g 0.2 - - - optimization criterion of the
3 root mean square power of the

0 drive mechanisms

0 0.2 04 06 08 1
ts

Fig. 4. Graphical dependence of the speed of movement of load

Comparing the graphical dependencies of the speed of cargo movement (Fig. 4), it can be
noted that the two optimization criteria are quite close to each other. In both cases of
optimization, the steady-state velocity is 0,5 m/s and the steady-state approach takes
approximately 1 s. According to the criterion of optimization of the root mean square value of
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power, the speed at the beginning and the end of the movement changes according to the
parabolic law, and in the middle of the section of motion, it has a pronounced linear nature of
change. With Root mean square value of effort optimization, gives a load velocity mode close
to two s-shaped motion laws.

Analyzing the graphical dependencies of load acceleration (Fig. 5), it can be noted that the
two dependency optimization criteria are also similar.

— criterion for optimization of
the root mean square value
of the generalized force

- - - optimization criterion of the
root mean square power of the
drive mechanisms

0 0.2 04 06 08 1
i s

Fig. 5. Graphic dependence of acceleration of movement of load

— criterion for optimization of
the root mean square value

of the generalized force

- - - optimization criterion of the
root mean square power of the
drive mechanisms

0 02 04 06 08 1
s

Fig. 6. Graphical dependence of the power consumed to move the jib

— criterion for optimization of

1000
the root mean square value
s 500 of the generalized force
Al - - - optimization criterion of the
0 root mean square power of the
drive mechanisms
=500

0.2 04 06 08 1
s

Fig. 7. Graphical dependence of the power consumed to move the telescopic boom

According to the criterion of optimization of the root mean square value of the generalized
force, the maximum value of load acceleration is 0,7 m/s>, at the time ¢ = 0,28 s. At the time ¢ =
0,5 s, the acceleration is 0,55 m/s%, which caused by the load oscillations.
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Fig. 8. Graphic dependence of the effort that develops the hydraulic cylinder of jib
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Fig. 9. Graphic dependence of the effort which develops the hydraulic cylinder of telescopic boom

According to the criterion of optimization of the root mean square value power of the drive
mechanisms, the maximum value of load acceleration is slightly increased and is 0,77 m/s’, at
the time ¢ = 0,35 s. In the future, the acceleration gradually decreases to zero.

From the graphical dependences of the change of power for moving the jib (Fig. 6) and the
telescopic boom (Fig. 7), it can be noted that the nature of the change in power over time by
both criteria is similar. However, when optimized by the criterion of the root mean square of the
generalized effort, the maximum power value is slightly higher than the optimization criterion
for the root mean square power of the drive mechanisms. In this case, the maximum value of
the power of the hydraulic cylinder for moving of the jib (Fig. 6) is 3100 W, at the time ¢ =
0,08 s, and minimum — 800 W, at the time # = 0,9 s. For the hydraulic cylinder of moving of the
telescopic boom (Fig. 7), the maximum power value is 1300 W, at the time ¢ = 0,1 s, and the
minimum — 500 W, at the time t= 0,9 s.

According to the criterion of optimization of the root mean square value of the efforts of the
drive mechanisms, the maximum value of the power of the hydraulic cylinder of movement of
the jib (Fig. 6) is 2600 W, at the time ¢ = 0,15 s, minimum — 450 W, at the time ¢ = 0,9 s. For the
cylinder of displacement of the telescopic boom (Fig. 7), the maximum power value is 1150 W,
at the time 1= 0,1 s, and the minimum — 300 W, at the time #= 0,9 s.

With further displacement, power is an oscillatory character. This is caused by oscillation in
the load. The negative values of the power of the hydraulic cylinder for moving the jib (Fig. 6)
and the hydraulic cylinder for moving the telescopic boom (Fig. 7) are caused by the oscillation
of the load in the direction of movement of the hydraulic cylinders.

Analyzing the graphical dependencies of the efforts that develop the hydraulic cylinders of
the jib (Fig. 8) and the telescopic boom (Fig. 9), it can be noted that the nature of the change in
effort by the two criteria is similar.
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Analyzing the graphical dependencies of the efforts that develop the hydraulic cylinders of
the jib (Fig. 8) and the telescopic boom (Fig. 9), it can be noted that the nature of the change in
effort by the two criteria is similar.

According to the criterion of optimization of the root mean square value of the generalized
force at the beginning of the movement for the hydraulic cylinder of the jib (Fig. 8), the force is
equal to 56000 N. At the time 7 = 0,15 s, the effort becomes a minimum value and is equal to
46000 N. The maximum effort value becomes at the time # =1 s and is equals to 48000 N.

For the hydraulic cylinder of the telescopic boom (Fig. 9) at the beginning of the effort
movement is 3650 N. At the time 7 = 0,1 s, the effort becomes minimal and equals 3200 N. The
maximum effort value becomes at the time 7= 1 s and equals 4190 N.

According to the criterion of optimization of the root mean square power of the drive
mechanisms at the beginning of the movement for the hydraulic cylinder of the jib (Fig. 8), the
effort is equal to 50000 N. At the time ¢ = 0,15 s, the effort becomes a minimum value and
equals 44000 N. The maximum effort value becomes at the time # = 1 s and equals 65000 N.
For the hydraulic cylinder, of the telescopic boom (Fig. 9) at the beginning movement of the
effort is equals 3450 N. At the time ¢ = 0,1 s, the effort acquires a minimum value and equals
3200 N. The maximum value of the effort acquires at the time # = 1 s and equals 4100 N.

Conclusions. As a result of the study, two optimization problems were solved with the aim
of reducing the load oscillations while the simultaneous movement of two links of the boom
system.

The complex integral dynamic criterion for optimization of the root mean square value of the
generalized force, which is presented as a nonlinear integral functional, is substantiated. The
criterion obtained reflects the undesirable properties of the boom system, so its value was
minimized.

The complex integral dynamic criterion of the root mean square value of the power of the
drive mechanisms, which is presented as a nonlinear integral functional, is substantiated. The
criterion obtained reflects the undesirable properties of the drive mechanisms of the boom
system, so its value was also minimized.

To solve these problems, the continuous functions zy, z, za, ..., 2,1, 2, were replaced by
unknown discrete values. They were obtained as the input algorithm of ME-PSO and these
values are related to the criteria (25, 30). Such results were provided by a strategy of finding the
global extremum by a swarm of particles.

The obtained optimal mode of movement of the boom system allowed to minimize dynamic
loads in the drive mechanisms and metalware of the loader crane. With the received modes of
movement of the boom system, elimination of load oscillations is achieved. This mode of
movement improves the performance of the loader crane and its efficiency as a whole.
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Jlosetikin B.C., Pomacesuu FO.0., Cnoooba O.Q., Jlosetikin A.B., ITouxka K.I.
ONTUMIBAIIIS PEXXUMY PYXY CTPLIOBOI CUCTEMHU KPAHA MAHINYJIATOPA

VY CTaTTi npeacTaBiIeHO METOJ BHUPIIICHHS MPOOIEMH YCYHEHHS KOJMBaHb BAHTAaXYy, SIKMH 3aKpIIIEHO HAa >KOPCTKOMY
LIAPHIPHOMY MiJBICI B MOMEHT OJHOYACHOIO TEPEeMIILEHHs ABOX JIAHOK CTpUIoBOi cuctemd. CyTh METOAY IOJArae B
onTUMi3anii PEeXUMY OJHOYACHOTO MEPEMIIEHHS JBOX JIAHOK CTPUIOBOI CHCTEMM KpaHa MaHIMmyssaTopa Ipu
TOPU30HTAJILHOMY IEPEeMillieH] BaHTaXy B NEPioj] MycKy. 3a/iaya po3B’si3aHa 3a IBOMa KPUTEPIsSMH OITUMI3aLLii, a came: 3a
KpUTEpiEM  ONTUMI3alil  CEepeAHbOKBAJPATHYHOIO  3HAYEHHS  y3araJbHEHOI CHJIM Ta  KPUTEpiEM  ONTHMi3auil
CEepeIHbOKBAIPATUYHOIO 3HAUEHHS MOTY)KHOCTI NPUBOJHUX MeXaHi3MiB. Po3polOiieHi kputepii BinoOpakaroTh HebOaskaHi
BJIACTUBOCTI JIAHOK CTPIJIOBOI CUCTEMH Ta MEXaHi3MiB IPUBOJY, TOMY IX 3HAYECHHS 3BOAMJINCS 10 MIHIMyMY.

Po3B’s130k 3ajadi onTMMIialii NMpPEACTaBICHO y IMCKpeTHoMY BuUim. [lns uiei meru OyB BHKOPHCTaHHH MeETOJ
ontuMmizauii poro uactuHok (ME-PSO). Ile momomoriio OTpuMaTH IMCKPETHI 3HAYEHHS KIHEMAaTMYHHMX Ta CHJIOBHX
XapaKTEPUCTHK CTPLIOBOT CHCTEMH KpaHa MaHIITyJIATOpa.

OCKiJIbKM KpUTEpii onTuMizawil € iHTerpaibHuM (YHKIIOHAIOM, TO AJIS HOro ontumisanii BUKOpHCTaHI METOIH
BapialiiHoro yucieHHs. PimeHHs BapiauiiiHoi 3agaui onTuMizauii NpeACTaBIEHO y BUINIAL 0araTo mapaMeTpuyHUX
(yHKILIH, SKi 3210BOJIBHSAIOTH KPaiOBI YMOBH PYyXy Ta MiHIMIi3yl0Th OTpHMaHi 6e3po3MipHi kputepii. s uiei metu OyB
BUKOpUCTAaHMH Meroj onTuMizauii poro uyactuHok (ME-PSO). lle najso MOXIMBICTH OTPUMATH 3aJIEKHOCTI
ONTHMAJIBHUX CHEPreTHYHMX Ta CHJIOBHX XapaKTePHCTHK CTPIJIOBOI CHCTEMM Ta MEXaHi3MIiB INPHBOAY KpaHa
MaHinynatopa. OTpuMaHuii B pe3yibTaTi ONTHMi3alii PeKUM IMEPEeMIllleHHsS JIAHOK CTPLIOBOI CHCTEMH MOKpAIIUB
CHJIOBI Ta €HEPreTUYHi XapaKTePUCTUKH KpaHa MAaHIMyJsTOpa, 10 JaJ0 MOXJIMBICTH MiABUIUMTH HOro HaJilHICTh Ta
MPOJYKTHBHICTb.

KarouoBi ciioBa: mMaremaTnuHa MOJENb, 3MiHA BHJIBOTY, CYMIILIEHHS PYXiB, MaHImyJsTop, piBHsAHHA Jlarpamxka
JIPYroro pojy, AMHAMIYHI HABAHTaXKCHHS, KOJIMBAHHS BAHTaXy.

Loveikin V.S., Romasevich Yu.O., Spodoba O.0., Loveykin A.V., Pochka K.I.
OPTIMIZATION OF THE MODE OF MOVEMENT OF THE BOOM SYSTEM OF THE LOADER CRANE
The article presents a method for solving the problem of eliminating vibrations of the load, which is fixed on a rigid
articulated suspension at the time of simultaneous movement of two links of the boom system. The essence of the
method is to optimize the mode of simultaneous movement of two links of the boom system of the loader crane with
horizontal movement of the load during the start-up period. The problem is solved according to two optimization
criteria, namely: according to the optimization criterion of the root-mean-square value of the generalized force and the
optimization criterion of the root-mean-square value of the power of drive mechanisms. The developed criteria reflect
the undesirable properties of the links of the boom system and drive mechanisms, so their value was minimized.
The solution of the optimization problem is presented in a discrete form. For this purpose, the particle swarm
optimization (ME-PSO) method was used. This helped to obtain discrete values of the kinematic and power
characteristics of the boom system of the loader crane.
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Since the optimization criterion is an integral functional, the methods of the calculus of variations are used for its
optimization. The solution of the variational optimization problem is presented in the form of many parametric
functions that satisfy the boundary conditions of motion and minimize the obtained dimensionless criteria. For this
purpose, the particle swarm optimization (ME-PSO) method was used. This made it possible to obtain the dependence
of the optimal energy and power characteristics of the boom system and the drive mechanisms of the loader crane. The
mode of movement of the boom system links obtained as a result of optimization improved the power and energy
characteristics of the loader crane, which made it possible to increase its reliability and productivity.

Keywords: mathematical model, changing the boom, combination of movements, manipulator, Lagrange equation
of the second kind, dynamic loads, load oscillations.

VK 621.87

Jloseiixin B.C., Pomacesuy FO.0., Cnoooba O.0O., Jlogeiikin A.B., Ilouka K.I. OnTumizanisi pe:;xumy pyxy crpijosoi
CHCTeMH KpaHa MaHinmyJasTopa // Onip marepiaiB i Teopist cnopya: Hayk.-tex. 30ipuuk — K.: KHYBA, 2023. — Bum.
111.-C. 223-236.

Pose’azano 3adauy onmumizayii, pexcumy O0OHOYACHO2O nepemieHHsi 080X JNAHOK CMPINosoi cucmemu Kpawa
MAHINYIAMoOpa npu 20pU30OHMANLHOMY nepeMiujeHi eanmagcy 6 nepioo nycky. 3adaya po3e’sazana 3a 060Ma
Kpumepiamu onmumisayii, a came: 3a Kpumepiem onmumisayii cepeOHbOK8AOPAMUYHO20 3HAYEHHS Y3A2ANbHEeHOI Culu
ma Kpumepiem onmumizayii cepeoHboKeaopamu4Ho20 3HAYEHHs ROMYICHOCII NPUBOOHUX MeXaHizmie. [ po3e A3Ky
nocmasnenoi 3aoayi Oye euxopucmanuil memoo onmumizayii poro uacmunox (ME-PSO). L]e donomoeno ompumamu
OucKpemHi 3HAYEHHA KIHeMAMUYHUX MA CUNOBUX XAPAKMEPUCMUK CMPIN0GOi cucmemy KpaHa MAaHinyiamopa.
Ompumanuii 6 pe3yromami onmumizayii pesicum nepemiujeHHs JaHOK CMPINOeoi cucmemu NOKpawue cunosi ma
eHep2emuyHi XapaKkmepucmuKy Kpaua MAauinyismopa, wo O0dano MOJCIUGICMb nidguwumuy 1020 Hadiinicmb ma
nPOOYKMUBHICMb.

1. 9. Bi6aiorp. 15 Hazs.
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Loveikin V.S., Romasevich Yu.O., Spodoba O.0., Loveykin A.V., Pochka K.I. Optimization of the mode of movement
of the boom system of the loader crane // Strength of Materials and Theory of Structures: Scientific-and-technical
collected articles- K.: KNUBA, 2023. —Issue 111. - P. 223-236.

The optimization problem has been solved for the mode of simultaneous movement of two links of the boom system of
the loader crane with horizontal movement of the load during the start-up period. The problem is solved according to
two optimization criteria, namely: according to the optimization criterion of the root-mean-square value of the
generalized force and the optimization criterion of the root-mean-square value of the power of drive mechanisms. To
solve the problem, the particle swarm optimization method (ME-PSO) was used. This helped to obtain discrete values
of the kinematic and power characteristics of the boom system of the loader crane. The mode of movement of the boom
system links obtained as a result of optimization improved the power and energy characteristics of the loader crane,
which made it possible to increase its reliability and productivity.

Fig. 9. Ref. 15.
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