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To optimize the movement mode, a dynamic model of the boom system consisting of
completely rigid links, except for a flexible load suspension, was used. The load on the flexible
suspension carries out pendulum oscillations in the plane of the departure change. On the basis of
the dynamic model, using Lagrange equations of the second kind, a mathematical model of the jib
system of changing the departure of the cargo at a fixed mode of rotation was built.

The criterion for optimizing the movement mode of the boom system is the mean-square value
of the driving torque of the mechanism for changing the departure during the start-up process,
which is an integral functional.
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Introduction

When operators work on cranes with articulated boom systems, they often
combine several operations by simultaneously turning on two mechanisms. In
gantry cranes, such a combination of simultaneous operations is most often
observed during the operation of mechanisms for changing the reach of the jib
system and turning the crane. Moreover, the combination of work is carried
out when one mechanism works in a steady mode of movement, and the other,
at this time, starts movement (starting is carried out) or ends it (braking is
carried out).

In such cases, the load swings significantly on the flexible suspension and
the dynamic loads in the elements of the drive mechanisms and the crane
structure increase. Such factors negatively affect the efficiency of the crane, in
particular, the productivity and reliability of the crane decreases, as well as its
maneuverability and ergonomics deteriorate.

Analysis of publications

Analyzing literature sources for the study of the dynamics of crane
movement, it is clear that most of such studies are conducted for overhead
cranes. This is due to a wide range of fields of application of such cranes [1].
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However, it is often impossible to project the dynamics equation of
overhead cranes onto jib cranes [2, 3]. Because jib cranes have a rotation
mechanism and a complete study of the dynamics of movement is inextricably
linked to the operation of the rotation mechanism [3, 4].

This especially applies to cranes with a non-linear dependence of the
movement of the boom and the drive mechanism. Such cranes include portal
cranes with boom system [5, 6] and some hydraulic manipulators.

For an in-depth study of the dynamics of the movement of boom systems
and establishing a sufficient convergence of theoretical and field studies, there
is a need to identify and model the loads that the boom system experiences
during operation. Such loads include: wind loads, frictional forces, loads from
rocking loads with a shifted center of mass [5, 7].

Works [8, 9] are devoted to the study of the dynamics of the boom lifting
mechanism during transient processes. This problem was solved using
complex integral criteria [10].

The authors of the work [11] consider the influence of transient operating
modes of crane mechanisms on drive electric motors.

The work [12] shows an example of studying the dynamics of the boom
system during the combination of the two mechanisms.

Purpose and research task statement

The purpose of this study is to improve the efficiency of cranes with a
hinged jib system due to the optimization of the mode of changing the
departure of the load at the fixed mode of rotation of the lifting crane.

To realize the set goal, it is necessary to solve the following tasks: to develop
a dynamic model of the combined movement of the mechanisms for changing
the departure and turn and to make a mathematical model of the combined
movement of these mechanisms. It is necessary to set a variational problem of
optimizing the movement mode of the departure change mechanism at a fixed
turning mode; justify the optimization criterion; solve the set optimization
problem with the selected criterion; analyze the optimization results.

Research results

As an object of research, the jib system of a gantry crane with a toothed
sector drive of the mechanism for changing the departure of the load and a
planetary turning mechanism was chosen (Fig. 1).

When building a dynamic model of the boom system shown in Fig. 1, the
following assumptions are used [5]:

— it is considered that all links of the system are solid bodies, except for the
flexible suspension of the cargo;

— the load carries out pendular oscillations on the suspension, only in the
vertical plane of the departure change;

— we neglect the fluctuations of the load on the flexible suspension in the
plane of rotation, since the rotation of the crane is carried out with a constant
angular speed (w=const);
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— when the departure is changed, the load moves horizontally, because the
cargo rope runs along the jib and the guy and does not change its own length
when the departure is changed;

— it is considered that the boom system is completely balanced by a moving
counterweight.
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Fig. 1. Dynamic model of level-luffing boom system of the crane
1. Main jib; 2. Tieback; 3. Jib; 4. Load; 5. Outreach mechanism with gear sector; 6. Rotation
mechanism

For such a dynamic model of the jib system, we will consider the joint
movement of the mechanisms for changing the departure of the load and turning
the crane. At the same time, we will present the boom system as a holonomic
mechanical system with three degrees of freedom. For the generalized
coordinates, we will take the horizontal coordinate of the center of mass of the
load x in the plane of change of departure, the angular coordinate of rotation of
the boom in the plane of change of departure a, as well as the angular coordinate
of rotation of the crane ¢ in the horizontal plane. Since the angular speed of
rotation of the crane is assumed to be a constant value ¢ =d¢@/dt =@ = const ,

we have a boom system with two degrees of freedom, in which the generalized
coordinates will be x and a. At the same time, the angular coordinate of the crane
rotation changes according to the linear dependence ¢ =@, + wt, where ¢ is
time, ¢ is the coordinate of the initial position of the boom in the horizontal
plane, and w is the angular speed of the crane rotation.
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For this dynamic model of the jib system of the gantry crane, let us make its
mathematical model. For this, the Lagrange equation of the second kind was
used [5, 12]:

dor oT _ oIl
dtoa oa ~° oa’
dor_or __on "
dt ox Ox ox’
where 7 — the kinetic energy of the system; /7— potential energy of the system; Q,,
— generalized component of non-potential forces reduced to the coordinate a.

Determine the kinetic energy of the boom system with the combined

movement of the mechanisms of change of departure and rotation of the crane

Tzé(JO +J. +mXL2)d2 +%JX¢)2( —%mXL(l—r)dng cos(py —a)+

1
+E{JXCOSZ Oy +my |:LZCOS2Ot+L(l—I’)COSOtCOSgDX:|+
+JBcos2 goB—mBacos®(RcosgoB—acos®)+JP}a)2+
1 (2 22
+Em(x +w°x ) 2)

where my, mp, m — respectively, the mass of the jib, tieback and cargo; Jy —
the moment of inertia of the drive elements of the departure change
mechanism, which is reduced to the axis of rotation of the boom; Jp» — moment
of inertia of the drive of the turning mechanism, reduced to the axis of rotation
of the crane; Jc, Jy, J5 — moments of inertia about their own axes of rotation,
respectively, main jib, jib and tieback; L, R — respectively, the length of the
main jib and the tieback; /, » — respectively the length of the jib and counter jib;
a, ® — respectively, the length of the tieback and its angle of inclination to the
horizon; z — the horizontal coordinate of the position of the center of mass of
the load relative to the lower hinge of the boom; ¢, @, — angular coordinates

of rotation, respectively, the jib and tieback.

The potential energy of a fully balanced boom system is determined by the
potential energy of the load

H:mgy:mgH(l—cosv), 3)

where g — the acceleration of free fall; H — height of the load suspension
relative to the lower hinge of the boom; y — the vertical coordinate of the center
of mass of the cargo; v — the angular coordinate of the deviation of the flexible
cargo suspension from the vertical.

This angular coordinate v is determined by the following dependence

v=(x-z)/H. 4)
After substituting dependence (4) into expression (3), we obtain an
expression for determining the potential energy
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H:mgH(l—cos[xl;ij. (5)

The generalized force corresponding to the coordinate o has the following
form
Oy =M =Mpun, (6)
where M — reduced to the axis of rotation of the crane driving moment of the
rotation mechanism; M, — driving torque on the motor shaft of the crane
rotation mechanism; u — the gear ratio of the drive of the turning mechanism; 7
— the efficiency of the drive in the turning mechanism.
We differentiate expressions (2) and (5) according to the equation of system
(1), as a result of which we will have:
or .2 0@y 62%( myL

—=J,a
da YT da o0a? 2

2
{6 gDZX cos(@y —a)—aﬂ(a&—ljsin(gox —a)}—
oa a
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0
—%{JX %sin 20y +myL[Lsin2c+(l—r)x
a
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OPX cos asin Oy H +
a
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Taking into account that the angular coordinate v = % does not exceed

12°, the dependencies (10) can be presented in the following form:
Sinv = v; 6—=mg6—ZZ_x‘ 6_1'[=_mgz—x. (11)
" da da H = ox H

After substituting dependencies (7),...,(9) and (11) into system (1), we will
obtain a mathematical model of the dynamics of the combined movement of
the mechanisms for changing the departure of the cargo and the steady rotation
mode of the gantry crane, which is a system of nonlinear differential equations
of the second order:

2
[JO +Je+myLF +Jy (aa&j —mXL(l—r)aagDX cos(@y —a)]d+
a a

gy 0%, myL oy 0py ( Opy
+ - [- —a)-—=| —=-1
{ Y oa oa? 2 (1=r) da? cos (px —a1) Jda \ Oa *

xsin(@y —a)}}dz +{JX aagDX Sin2ey +my Lx
a

0
{Lsirﬂa +(l—r)(sinac0sgox + (;DX cosasinqoxﬂ+
a

opg . 0py . ? 0z z—Xx
+Jp —=5in 20 —mgaRcos ® —=sin —=M-mg— s
B oa s 5 oa s 2 g@a H

.. 2 Z—X
mx—mam°x =m, . 12
S (12)

From the last equation of the system (12), we express the coordinate of the
end point of the jib z through the coordinate of the load x and its time
derivatives, as a result of which we get

H H H H
z=[l——a)2Jx+—5é; éz(l——wzj)ﬂ—'fé. (13)
g g g g
At the same time, the coordinate z depends on the angular coordinate of the
arrow o and is expressed by the following dependence:

z=Lcosa—Icospy; 6—Z=1sinqoxaﬂ—Lsina. (14)
oa oa
Let us write the angular coordinate of the boom ¢, through the arrow

coordinate. To do this, we will use the condition that in the process of
changing the departure, the end point of the jib C moves horizontally, which is
at a distance H from the lower hinge of the boom O (Fig. 1). From this
condition we have Lsina —Ising, = H.

From the resulting equation, we find that
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Lsina—-H
sinQy =%(Lsina—H); Py = arcsin%. (15)
From the first dependence (15), we find:
2
Lsina-H
cos Py =\/1—(sml—2). (16)

After substituting expression (16) into dependence (14), we obtain a
quadratic equation relative to cosa :

41> (H2+22)cos2a—4Lz(L2 +H> - +22)><
xcosa+(L +H* = +27 ) =42 H* =0, (17)

After solving the obtained equation, we will find the dependence of the angular
coordinate of the arrow on the horizontal coordinate of the end point of the jib

z(L2 +H P +zz)iH\/4Lz (H2 +22)—(L2+H2—12+22)2

cosay 5= . (18)
2L(H?+2)
Taking into account the design features of the boom system, only the
second solution (18) satisfies the requirements, therefore

z(L2 +H2 -2 +zz)—H\/4L2 (H2 +zz)—(L2 YHE [P 42 )2

a =arccos . (19
21(H?+2%) 4
Therefore, the dependence of the angular coordinate of the arrow a on the
coordinate of the end point of the jib z, which in turn depends on the
coordinate of the cargo x, is established.
From the first equation of the system (12), we find the driving moment of the
drive reduced to the axis of rotation of the boom. At the same time, in the obtained
dependence, we accept my =0, Jz =0, since the tie has a negligible effect on

the dynamics of the boom system movement, as a result of which we get

M:{JO+JC+mXL2+J a@%—mx (l_r)aaﬂg(cos(gox—a)}d+

0py O°py myL oy 00y (0
+1J, (1-r —a)- x| Px
{ oo da? 2 ) oa? cos(goX a) oa \ da 8

xsin(@y —a)}}dz +{JX 6(;0)( SN2 y +my Lx
a

2
Opx cosasingoxﬂ}%+ ggu (20)
a

oa H

As a criterion for optimizing the mode of joint movement of the mechanism
for changing the departure of the boom system and the established mode of
rotation of the crane, the root mean square value of the drive torque of the

><|:LSii’l 2a +(l—r)(sinacosgox +
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mechanism for changing the departure during the start-up time is used, which
is presented in the form of an integral functional and has the following form:

> 1/2
Mgy = {—J'Mzdt} , 21)
Lo
where ¢ is time; ¢; is the duration of movement of the boom system.

To determine the optimal mode of joint movement of the mechanisms for
changing the departure of the cargo and turning the crane, we will set a
variational problem.

Find the dependence of cargo movement x = x(¢), 0 <z <¢, which ensures

the extreme value of functional (21), taking into account expression (20), while
ensuring the following boundary conditions of movement:

t=0:x=x5,x=0,z=x,2=0;
vt . vt .
t=t :x=x0+7],x=u, Z=x0+7],z=u. (22)

Here x, — the initial position of the load; v — speed of steady movement of
cargo [4].

Since, in the given variational problem, the functional (21) reflects undesirable
properties (action of loads) of the boom system, so it must be minimized.

We present the variational problem (21), (22) in an equivalent form

i}
[M>dt — min. (23)
0

Boundary conditions (22), taking into account expressions (13), reduce to

the load coordinate and its time derivatives, that is, we obtain:

1=0:x=xp, x=0,%=0w" x), ¥ =0,
vt . . Lt
t=t :x=x0+7],x=0,x=(xo+7]ja)2,x=a)20. (24)

We present the approximate solution of the given nonlinear variational
problem in the form of a polynomial, which is represented by two terms

x@)=x()+x,(2), 0S¢t <. (25)

Here, the first term x;(¢) is a polynomial chosen from the condition of

ensuring the boundary conditions of motion (24), and the second term x,(¢) is

a polynomial that includes free coefficients and satisfies zero boundary
conditions, namely

x,(0)=0,%,(0)=0, ¥,(0)=0,%,(0)=0,
X (6)=0,%(1)=0,%(4)=0,%()=0. (26)
Let us choose the term x;(¢) in the form of a polynomial of the 7th degree
to ensure the given conditions (24):
X (£)= Ay + A+ A + A + At + A + At® + A,t7, 0<t <t,. (27)
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We take time derivatives from expression (27) up to and including the third
order, as a result of which we will have:

iy ()= A + 245t + 34,87 + 44,8 +545t" + 64587 +74,1°;

i ()= 24, + 645t +12 4,87 + 20458 +30At* + 424,18,

i (t) = 6.4y +244,1 +60At> +120 45> +2104,1*. (28)
As a result of substituting the initial conditions at /=0 from expression (24)

in dependence (27) and (28), we find the constants Ay, A4;, 4, A3, which
acquire the following values:

2
Ay =x,; A =0; 4, =202

;A =0. (29)

After substituting the final conditions (at # =¢,) from (24) and constants (29)
in dependence (27) and (28), we obtain a system of linear algebraic equations:

2
2 3 1 (u—xow t‘)
Ay + Ay 4 A ot} =
4

(U—xoa)zt])

Ay

! (30)
2

124, + 2045, +304g87 +424,8) = 22—

4

44, +5A4st, + 6 Aty +T Aqt; =

2
244, +60 Aty +120 4,2 +2104,60 =22
4
As a result of solving the system of equations (30), we obtain the following
values of the constants

2 2
A4=L{53—5x°w +%uw2}; A5=_—3{i—xow +Uw2}

2 | 8 4 g
4 - Ifv x0w2+1lua)2 4 _—5[)602 31)
gl 4 4 T 6

A polynomial x;(z) of the form (27) with coefficients (29) and (31)
ensures the boundary conditions (24), and the polynomial x,(#) ensures the

minimization of the integral functional (23) and is expressed by the following
dependence

xz(t)=t4(t—t])4(C0+C]t+...+Cnt"),OSISI]. (32)
The multiplier 7* (t—tl )4 guarantees the fulfillment of zero boundary

conditions at any values of the coefficients C,, ..., C,. These coefficients
remain free, and are used to find the minimum of the functionals (21) or (23).
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As a result of substituting dependencies (27) and (28) with coefficients (29)
and (31) and dependence (32) in expression (25), we will get a clear form of
function x(¢), which includes free coefficients C,, ..., C,. Moreover, the

obtained function x(¢) provides the boundary conditions (24) with an arbitrary

choice of coefficients Cy, ..., C,.

From the explicit form of function x(¢), we find the form of function z(¢)
and its time derivative using expressions (12). At the same time, the function
z(t) also includes free coefficients Cj, ..., C,. Using dependence (18), the

angular coordinate of the arrow a(¢) is determined, which is a function of

z(t) and also includes free coefficients Cy, ..., C,,.

According to dependence (15), the angular coordinate of the jib ¢, (¢) is
determined, which depends on the angular coordinate of the boom «(¢) and
also includes free coefficients Cy, ..., C,

P

By substituting the functions x(¢), z(¢), a(f), ¢.(¢) and their derivatives
into expression (20), we find the function of the driving moment of the drive
reduced to the axis of rotation of the boom. The expression of the driving
moment of the drive also includes free coefficients Cy, ..., C,, which, in turn,
is included in the integral expression of the functional (21). It reflects the mean

square value of the driving moment M - .

After integration, in expression (21) the functional M - is a function of the
arguments C,, ..., C,. Considering what has been said, the approximate
solution of the variational problem (21) with the boundary conditions (24) and
taking into account the dependencies (13), ..., (20) is reduced to finding the
minimum of the function of many variables. At the same time, one of the
approximate methods [12] can be used.

In these studies, an applied software package was used to solve the given
variational problem. In which methods based on the simplex method are used
to find the minimum of a function of many variables.

2
The derivatives a, &, 2 6& M included in the expressions (13),
oa’ 0o’ da?
(14), (20) are determined by the approximate formulas of numerical
differentiation, and the approximate calculation of the integral (21) is carried
out by the trapezium formula.
Calculations were made for the sought functions x(¢), z(¢), a(?), ¢.(¢) and

their derivatives, as well as for the driving moment M (20), at the maximum
value of the exponent n=5, which is included in the dependence (32).

These calculations were performed for the crane boom system with the
following parameters [5]: L=25,76m, /[ =10,16m, r=2,51m, H=14,7m,

g=981m/s>, m=20000kg, my =5453kg, J-=2,856-10%kg-m?,
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Jy =1,189-10° kg-m”?, Jp =6,338-10°kg-m? o = 0,157 radian/s,
v=105m/s, x, =15m, ¢, =4s.

As a result of solving the problem for the coefficients Cy, ..., C, (n=5), the
following approximate values were obtained: C,=0,1188 1074,
C, =0,0446-107", C, =-0,0122-107", C,=0,0062-107*,
C, =-0,0017-10"*, C5=0,0002-10". At the same time, the minimum
value of the root mean square moment M is equal to
(M), =41187x10* Nxm.

The results of the calculations of the kinematic, power and energy
characteristics of the boom system in the process of starting the mechanism for
changing the departure at the established mode of rotation of the crane are
shown in fig. 2...16.

The kinematic characteristics of the boom system, which characterize the
amount of swinging of the load, include the linear movements of the load x and
the end point of the jib z (Fig. 2), their linear velocities, respectively (Fig. 3),
as well as the acceleration of the load (Fig. 4) and the end point jib (Fig. 5).

Xz, M X, 2, m/lc
15 12

0 05 1 15 2 25 3 35 ats o 05 1 15 2 25 3 35 ats

Fig. 2. The graph of changes in the Fig. 3. Graph of changes in the linear speed of

horizontalcoordinate of the load (x) and the end  the cargo ( x ) and the end point of the jib ( Z )
pointof the jib (z)
5l R
o ‘5 3 35 s DGD 05 1 15 2 25 3 35 4 T
Fig. 4. Graph of changes in load acceleration Fig. 5. Graph of the change in the acceleration

of the end point of the jib
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Angular coordinate, speed and acceleration of the boom «,a, & are

important kinematic parameters that significantly affect the dynamics of the
movement of the boom system (Fig. 6...8).

a, rad a, radfc
v o
116 0.005
115 001
114 0015
" 002
"o 05 1 15 2 25 3 3 P 05 1 15 2 25 3 35 P
Fig. 6. Graph of the change in the angular Fig. 7. Graph of the change in the angular
coordinate of the boom speed of the boom
o rad/c? .-
106
oocs
™
o
102
o0
:
oor
0se
00150 05 1 15 2 25 3 3‘5 4 el Ogﬁu 05 1 15 2 2‘5 3 J‘s 4 b
Fig. 8. Graph of changes in the angular Fig. 9. Graph of the change in the angular
acceleration of the boom coordinate of the jib

Also, the angular coordinate, speed and acceleration of the jib @y, ¢y, @y
are important kinematic parameters affecting the operation of the crane
(Fig. 9...11).

In addition, graphs of the driving moment of the drive of the departure
change mechanism M = M(¢) (Fig. 12) and the power of the same drive P =
P(¢) (Fig. 13) are depicted.

Oy 1ad/c?

. rad/c
0

006 . r,5-004
4 0

3 35 4

Fig. 10. Graph of change in the angular speed .Fig. 1. Graph of changes in angular
of the jib acceleration of the jib
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4 T LS as00 s
0 05 1 15 2 25 3 35 4 o 0s 1 15 2 25 3 35 4

Fig. 12. Graph of the change in the driving Fig. 13. Graph of the power change of the
moment of the departure change mechanism departure change mechanism

It can be seen from the graphic dependences of the movements of the center
of mass of the cargo and the end point of the jib (Fig. 2) that the dependences
have a smooth character of change, but at the corresponding moments of time
their coordinates have certain shifts. This indicates that in the process of starting
the mechanism of departure changes, there are fluctuations of the load relative to
the point of flexible suspension of the load. Dependencies of the linear velocities
of the center of mass of the cargo and the end point of the jib (Fig. 3) also have a
smooth character of change. At the same time, the coordinates of these velocities
at the corresponding moments of time have an offset, which also indicates
fluctuations in the speed of the cargo relative to the end point of the jib, which is
the point of suspension of the cargo. The acceleration of the center of mass of the
cargo (Fig. 4), as well as the end point of the jib (Fig. 5), have convexities in
opposite directions with shifted coordinates at the corresponding moments of
time. This mode of change of accelerations indicates the presence of fluctuations
in the acceleration of the center of mass of the cargo relative to the acceleration
of the end point of the jib [13].

The angular coordinate of the boom (Fig. 6) smoothly decreases during the
start-up process as the load movement coordinate increases (graph x in Fig. 2),
that is, these coordinates have opposite directions of change. The angular
velocity of the boom (Fig. 7) gradually decreases over a larger part of the launch,
and has a slight increase towards the end of the launch. At the same time, the
angular velocity of the arrow takes negative values throughout the launch area.
The angular acceleration of the boom (Fig. 8) during the start-up process has an
oscillatory character: at first it increased slightly, then decreased, and at the end
of the start-up a sharp increase is observed. Angular displacements (Fig. 9),
speed (Fig. 10) and acceleration (Fig. 11) of the jib are similar in nature to
angular displacements (Fig. 6), speed (Fig. 7) and acceleration (Fig. 8) of the
boom .

Reduced to the axis of rotation of the boom, the driving moment of the drive
of the departure change mechanism (Fig. 12) is close to the nature of the change
in the angular acceleration of the boom (Fig. 8). This can be explained by the
fact that the inertial properties of the boom system when the pitch changes are
determined by the parameters of the drive mechanism and the boom. The drive
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power of the departure change mechanism (Fig. 13) at the beginning of the start-
up practically does not change, then it increases slightly, and at the end of the
start-up it drops sharply. During most of the launch, the drive power of the flight
change mechanism takes negative values. This is caused by the fact that the
angular velocity of the arrow is also negative and it determines the sign of the
power. In reality, the power value is taken as an absolute value and does not
depend on the direction of movement of the links.

Conclusions

1. In the proposed article, the optimization task of researching the joint
movement of the mechanisms for changing the boom system departure and
rotation in a gantry crane is set. At the same time, the crane is turned in a steady
state at a constant angular velocity of the electric motor shaft. The change in the
departure of the load occurs during the start-up process, when the shaft of the
electric motor changes its angular velocity from zero to a fixed value.

2. The optimization problem includes a mathematical model of the joint
movement of the mechanisms for changing the range and rotation of the crane,
the optimization criterion, which is the root mean square value of the drive
torque of the mechanism for changing the range during the start-up process
and the boundary conditions of the movement. These driving conditions ensure
the elimination of load fluctuations on the flexible suspension after the end of
the transition process.

3. The nonlinear optimization problem is solved by an approximate method,
where the solution is presented in the form of a polynomial with unknown
coefficients, which are determined using a package of application programs
based on the simplex method.

4. As a result of the solution of the optimization problem, graphic
dependences of the kinematic characteristics of the boom system and the load,
as well as the driving torque and power of the drive of the departure change
mechanism during the start-up process, were constructed. The obtained
optimal mode of changing the departure of the load during the start-up process
with the established mode of rotation of the crane made it possible to eliminate
the oscillation of the load on the flexible suspension and to minimize the
dynamic loads in the drive mechanism.

5. Recommendations are provided regarding the possible application of the
determined optimal mode of simultancous movement of the mechanisms for
changing the departure and rotation of the boom system of the crane in practice
under limited operating conditions.
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Cmamms Haoiviwaa 09.03.2023

Joeetixin B. C., Pomacesuy 10. O., Ilaramapuyk /1. A., Jloeeiixin A. B.
ONTUMI3ALIA CUJIOBOI'O PEXKUMY 3MIHU BUJIBOTY LHAPHIPHO-
34JTEHOBAHOI CTPIJIOBOI CUCTEMM I3 3YBUACTUM CEKTOPOM IIPU
YCTAJIEHOMY PEXKHUMI IIOBOPOTY KPAHA

Jlns  onrmMizaiii pexxuMy 3MiHM BWIBOTY CTPUIOBOI CHCTEMH BHKOPHCTaHI METORU
BapiamiiiHoro umcneHna. Ilpm 1pOMy, TmOCTaBIeHO BapialiifHy 3amady, sKa BKIIOYac
nupepeHianbhi PIBHSHHEI PyXy CTPIJIOBOi CHCTEMH, KpUTepil onrmMizamii Ta KpaloBi yMOBH
PyXy TpH 3MiHi BWIBOTY Ta TMOBOPOTY KpaHa. 3a KpHUTEpiil onTnMizamii pexnMy pyxy CTpinoBoi
CHCTEMH OOpaHO Cepe/HbO-KBAJpaTWdHE 3HAYCHHA PYIIIHHOIO MOMEHTY NPHBOAY MEXaHi3My
3MiHH BUJIBOTY B TpOIECi MyCKy, SKHil sIBIA€ co0or0 iHTerpambhui ¢yHKmioHan. KpaiioBumu
YMOBaMH 00paHO KiHEMaTHYHi XapaKTePUCTHKH MEXaHi3My 3MiHH BIWILOTY CTPIJIOBOT CHCTEMH BiJl
CTaHy CTOKOIO JIO IOCSATHEHHs YCTAJICHOT MIBMIKOCTI BaHTaXYy, IPU yCTaJeHiif KyTOBii IIBUAKOCTI
MEXaHi3My ToBOpOTy. Taki KpalioBi yMOBHM yCyBalOTh KOJIMBAaHHS BaHTAXy HAa IHYYKOMY MifBici
T CJIs1 3aKiHISHHS TPO LIeCy MyCKy IIPH 3MiHi BWIBOTY
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B pesynmbrari uncensHOTO po3B’sI3Ky MOCTaBlIEHO! BapiamiifHOi 3amadi moOymoBaHi rpadidni
3aJISKHOCTI ONTHMAIbHUX KiHEMAaTH4HHUX, CUJIOBHX I CHEPreTHIHMX XapaKTepUCTHK B MpOLECI
MyCKy MEXaHi3My 3MiHH BWJIBOTY, IIPH YCTaJCHOMY pEXuMi IOBOpPOTYy KpaHa. OTpuMaHHH
ONTUMAJIBHUIT PEIKHUM PyXy MEXaHi3My 3MiHU BHIbOTY YCYBA€ KOJMBAHHS BAHTaXY Ha THYYKOMY
MmiABici 1 MiHIMI3y€e TUHAMIYHI HABAHTAKE HHS.

Kiro4oBi ci10Ba: MexaHi3M MOBOPOTY, MEXaHi3M 3MiHH BIIBOTY, PO3TOWIYBaHHSI BaHTaxKy,
PEXuM pyXy, iHTeTpaJbHAA KpUTEpPil, ONTUMi3ais, CTPIJIOBa CHCTEMa KpaHa.

Loveykin V.S., Romasevich Yu.O., Palamarchuk D.A., Loveykin A.V.
OPTIMIZATION OF THE FORCE MODE OF RANGE CHANGE IN AN ARTICULATED
BOOM SYSTEM WITH A GEARED SECTOR AT A FIXED MODE OF CRANE
ROTATION

Variational calculus methods were used to optimize the boom system's flight change mode. For
this, a variational problem is set, which includes the differential equations of motion of the jib
system, the optimization criterion, and the boundary conditions of the movement when the
departure and rotation of the crane are changed. The root-mean-square value of the drive torque of
the flight change mechanism during the start-up process, which is an integral function, was chosen
as the criterion for optimizing the movement mode of the boom system. The kinematic
characteristics of the mechanism for changing the departure of the boom system from the state of
rest to reaching the steady speed of the load, at the steady angular speed of the turning mechanism,
were chosen as boundary conditions. Such boundary conditions eliminate fluctuations of the load
on the flexible suspension after the end of the start-up process when the departure is changed

As aresult of the numerical solution of the given variational problem, graphical dependencies
of the optimal kinematic, power and energy characteristics in the process of starting the flight
change mechanism, with a fixed mode of rotation of the crane, were constructed. The obtained
optimal mode of movement of the departure change mechanism eliminates load fluctuations on the
flexible suspension and minimizes dynamic loads.

Key words: turning mechanism, departure change mechanism, load swinging, movement
mode, integral criterion, optimization, boom system of the crane.
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Joeeiixin B. C., Pomacesuy IO. O., [amamapuyx /]. A., Jloseixin A. B. OnTumi3auisi CHJI0BOro
pekuMY 3MiHH BWIBOTY INAPHi PHO-34JICHOBAHOI CTPIJIOBOI CHCTEMH i3 3y04acTHM CEKTOPOM
MPH YCTAJIEHOMY pe:KuMi MOBOpoTy KpaHa // Omip MarepialiB i Teopis CHOPYH: HayK.-TeX.
36ipank. — K.: KHYBA, 2023. — Bum. 110. — C. 404-420.

Haseoeno nocnioosuicmv nposedenus ma pesyibmamu OnmuMizayii pejicumy 3miHu 6uibomy
WAPHIDHO-3YNICHOBANOT CMPINOBOT cucmeMu i3 3Y04UACUM CeKmopom Ha OLIAHYI NYcKy npu
ycmaneHomy pedcumi nogopomy Kpamd. 3a 06’ €km 00CHiodNCeHHs 83MO CMPIIOGY CUCHeMY KPAHA
3 CeKMOpHUM NPUBOOOM MEXAHIZMY 3MIiHU GuUIbOmMYy. 3a Kpumepit onmumizayii pescumy pyxy
Ccmpinoeoi cucmemu 00pano CepeoHbO-KeaOPaAMUYHe 3HAYEHHS PYUITIHO20 MOMEHNY Npugooy
MexaHizmy 3minu eunbomy. Ompumanuli ONMUMATLHUIL Pelcum pyxy MexaHizmy 3MiHU GUILONY
003601€ MIHIMIZY8AMU OUHAMIYHI HABAHMAIICEHHS NIO YA C NYCKY.

In. 13. Bi6umiorp. 13 Ha3B.
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Loveykin V. S., Romasevich Yu. O., Palamarchuk D. A., Loveykin A.V. Optimization of the force
mode of range change in an articulated boom system with a geared sector at a fixed mode of
crane rotation // Strength of Materials and Theory of Structures: Scientific-and-technical collected
articles — Kyiv: KNUCA, 2023. — Issue 100. — P. 404-420.

The sequence of execution and optimization results for the mode of change of departure of the
hinged boom system with a geared sector in the starting area at the established mode of crane
rotation are presented. The boom system of the crane with the sector drive of the mechanism for
changing the departure is taken as the object of the study. The criterion for optimizing the
movement mode of the boom system is the root-mean-square value of the drive torque of the flight
change mechanism. The obtained optimal mode of movement of the departure change mechanism
allows to minimize dynamic loads during start-up.

Il. 13. Ref. 13.
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