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The object of the study is a level-luffing boom system with a drive mechanism for changing
the departure in the form of a toothed sector. The turning mechanism consists of a drive motor, a
planetary mechanism and an open gear. Variation calculus methods were used to optimize the
mode of rotation of the boom system. In this case, a variational problem is formed, which includes
the equation of motion of the boom system when turning and changing the departure, the
optimization criterion and the boundary conditions of motion. The Lagrange’s equation of the
second kind was used to compile the equations of motion. The optimization criterion is presented
in the form of an integral functional, which reflects the root mean square value of the driving
moment of the drive mechanism of rotation during start-up.
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Introduction

The level-luffing boom system is the basis of many designs of boom
systems in modern cranes. Such boom system was created on the basis of the
hinged four-link Chebyshev’s mechanism. These level-luffing boom systems
most often used in gantry cranes to perform unloading and reloading
operations in ports [1].

It is well known that the delay of ships in ports is an undesirable
phenomenon, as it leads to significant financial costs for both the carrier and
the customer. Therefore, reducing the duration of loading and unloading of
transport vessels is an urgent task. This issue is especially acute when
unloading bulk cargo. This is due to the fact that in parallel with the unloading
of the ship, these cargoes are loaded into railway cars or trucks.

Two schemes of unloading bulk cargo from ships and loading into wagons
are most often used:

— ship, crane grab, collar, crane grab, wagon (truck);

— ship, crane grab, wagon (truck).

Each of the described systems has its disadvantages and advantages.
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In the case of using the first scheme, the speed of unloading the vessel
itself increases. However, this significantly increases the total duration of the
unloading-loading cycle. In addition, this scheme cannot be used in small ports
due to the lack of space for intermediate storage of bulk cargo. In the case of
using the second unloading-loading scheme, the unloading time of the vessel
increases, but the total duration of work with the cargo decreases [2].

In these cases, there is a need to combine several movements of the crane
at the same time. Most often, the combination is observed during the operation
of the mechanisms of changing the departure of the boom system and the crane
rotation.

Horizontal movement of cargo by means of the mechanism of change of
departure is a separate working movement of cranes with level-luffing boom
system. This working movement can be performed independently or by
combining with other working movements, depending on the technological
needs during the operation of the crane.

Important problems at using of cranes during handling are the reduction of
the duration of the working cycle of overloading, as well as increasing the
maintenance cycle of the metal structure of the jib system and the crane as a
whole. These tasks can be solved by minimizing the oscillations of the load on
a flexible rope suspension.

The largest oscillations of the load on the flexible suspension are observed
during the operation of the motor of the crane rotation mechanism in transient
modes (start, braking) [1, 2].

Oscillations of load on a flexible suspension have a negative impact on
such performance indicators of cranes as: productivity, efficiency, reliability,
maneuverability, etc. [1]. The magnitude of the deviation of the cargo rope
from the vertical depends on the following factors: weight of the load, speed of
rotation, duration of the motor mechanism, the position of the center of mass
of the load relative to the suspension point, wind loads, etc. [3, 4]. Therefore,
there is a need to optimize the mode of movement of the boom system during
the operation of the mechanisms of rotation and change of departure. In this
case, as a rule, the operation of one mechanism is considered in the steady
state of motion, and the other — in transient (start or brake) [5].

Analysis of publications

Thorough studies of the kinematics and dynamics of such a boom system
were conducted in the monograph [1]. In particular, the results of studies of the
movement of the boom system under different equations, corresponding to the
minimization of standard deviations of displacements, speeds, accelerations
and jerks of the load and the end point of the trunk. It is important that these
studies were conducted when moving the cargo from the minimum value of
departure to the maximum. However, the process of starting the boom system
when changing the departure of the cargo was not studied.

In the article [3] the modes of movement of the mechanisms of rotation of
cranes are optimized. Graphical dependences of change of kinematic and force
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parameters during operation of the mechanism of rotation on transient modes
of movement are constructed.

In [4] the models of possible cases of operational loading of the boom
system are analyzed and constructed. The results on the operation of the
mechanism of change of departure during different distribution of loads on the
links of the boom system of the crane are given.

The authors of articles [5, 6] describe the ways and means of optimal
control of the electric drive of the mechanism of rotation of jib cranes. In this
case, the operation of electric motors is considered both during transient modes
and at steady state.

In [7] the problem of optimization of loads on the links of the boom system
in order to reduce the power consumption of the drive motors of the
mechanism of change of departure was considered. However, the above
method incompletely reveals the change of inertial forces in the unstable
sections of the crane boom system.

The analysis of literature sources on research topics showed that different
approaches to improving the dynamic characteristics of boom systems are
proposed. However, for the most part, two ways of improving the
characteristics of cranes are proposed — changing the design parameters of
boom systems of cranes and means of controlling the electric motors of the
actuators of cranes. In this case, the overall goal is to improve the following
indicators of crane efficiency: productivity, efficiency, reliability,
maneuverability, ergonomics, etc. [8...11].

Purpose and research task statement

The purpose of this study is to develop a method for optimizing the process
of starting the mechanism of rotation of the level-luffing boom systems of the
crane at a steady state change of departure by reducing the existing loads.

Research results

There is level-luffing boom system of a gantry crane with a toothed sector
drive of the mechanism of change of departure of cargo and a planetary drive
of the mechanism of turn is given (Fig. 1).

At constructing a dynamic model of the level-luffing boom system, the
following assumptions are made:

— It is considered that all parts of the system are solids, except for the load,
which performs pendulum oscillations on a flexible suspension;

— When changing the departure, the load moves horizontally, because the
cargo rope runs along the trunk and extension and when changing the
departure does not change its own length;

— We consider that the change in the departure of the boom system is
carried out in a steady state, ie the angular velocity of the boom ®0 is a
constant value;

— we neglect the deviation of the cargo rope from the vertical in the plane
of change of departure, only the deviation in the plane of rotation of the crane
along the tangent to the trajectory of the cargo is taken into account;
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— It is considered that the boom system is completely balanced by a
movable counterweight.

Consider the combined movement of two mechanisms to change the
departure of the load and the rotation of the crane.

Fig. 1. Dynamic model of level-luffing boom system of the crane
1. Main jib; 2. Tieback; 3. Jib; 4. Load; 5. Rotation mechanism; 6. Outreach mechanism with
gear sector

The boom system is presented as a holonomic mechanical system with
three degrees of freedom. The angular coordinates of the boom in the plane of
change of departure o and the angular coordinates of the rotation of the boom
¢ and the load y in the horizontal plane are taken as generalized coordinates
(Fig. 2).

An elm is superimposed on the angular velocity of the boom in the plane of
change of departure, as a result of which the system moves with a constant
velocity a = w, = const . Therefore, a system with three degrees of freedom is
transformed into a system with two degrees of freedom, in which the
generalized coordinates will be the coordinates ¢ and w. The angular
coordinate of the boom a varies according to a linear law o =« + @yt , where



ISSN 2410-2547 225
Omip marepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2021. Ne 106

t is the time, a, is the initial position of the boom, and w, is the angular
velocity of its rotation in the plane of change of departure.

For such a dynamic model of motion of a level-luffing boom system, we
compose differential equations of motion using the Lagrange equations of the
second kind:

dor oT oIl

dtogp o9 ~° op’

dor or oIl

oy oy v
where T — the kinetic energy of the system; /7 — potential energy of the system;
0, — generalized component of non-potential forces reduced to the coordinate ¢.

()

Fig. 2. The scheme of rotation of the boom system
(designation of positions corresponds to Fig. 1)

Determine the kinetic energy of the boom system with the combined
movement of the mechanisms of change of departure and rotation of the crane

T:%(JO +Jc +mXL2)a)§ +%JX(/')§( +%JB¢)§ —%mXL(l—r)a)O(bX cos(py—a)+

+%{JX cos* @ +my [(f+Lcosa)2+(f+Lcosa)(l—r)cos(0X}+
+JBcos2(pB+mB(f—acos@)(f—acos®+RcosgoB)+JP}¢2+
1 .2 )
+5m(z +yz ) 2)

where m,, mg, m — respectively, the mass of the jib, tieback and cargo; J, —

the moment of inertia of the drive elements of the departure change
mechanism, which is reduced to the axis of rotation of the boom; ./, — moment
of inertia of the drive of the turning mechanism, reduced to the axis of rotation
of the crane; J., Jy, J3 — moments of inertia about their own axes of rotation,
respectively, main jib, jib and tieback; L, R — respectively, the length of the
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main jib and the tieback; I, » — respectively the length of the jib and counter jib;
f — the displacement of the axis of rotation of the crane relative to the lower
axis of the boom hinge; a, ® — respectively, the length of the strut 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;
@, @z —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

€)

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.
The non-potential component of the generalized force of the turning
mechanism is determined by the following dependence
Q, =M =Mpun, “4)
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

M=mgy= mgH(l—cos@j,

rotation mechanism; u — the gear ratio of the drive of the turning mechanism; #
— the efficiency of the drive in the turning mechanism.

Since the tieback has little effect on the dynamics of the boom system,
therefore, my =0, J, =0 . We will also assume that the axis of rotation of the

crane coincides with the lower hinge of the boom, so f= 0.

After substituting expressions (2...4) in the system (1), we obtain a system
of differential equations of compatible motion of the mechanisms of change of
departure and rotation of the crane

4= 2a,00p =M _ngz((/’— V),
m22+2mzz'l/'/=%22((p—l//). 5)

Where

a :JP+(JC +mXL2)cos2a+mX(l—r)Lcosacos(0X +Jy cos* Qy; (6)

a, :(JC +mXL2)sinacosa+%mX (l—r)L(sin(Xcos(DX +

L si r
+ 2 SPX o5 g +Jy—cosasin@y; (7
[ cospy /
z=Lcosa—Ilcos@y; a=0y+ayt; &c=am,; a=0. (8)
, 1, . (Lsinoz—H)2
SinQy =7(Lsma—H); cosQy = I—T )
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Consider the process of starting the rotation mechanism and determine its
optimal mode with a steady movement of the mechanism of change of
departure. According to the criterion of the mode of movement of the turning
mechanism with compatible steady motion with the mechanism of change of
departure, we choose the root mean square value of the driving torque of the
drive, reduced to the axis of rotation of the crane

1/2
17
My =L—J'M2dt} —> min, (10)
10
where ¢ — the time; ¢; — the duration of the start-up process.

From the first equation of the system (5) we express the driving moment of
the rotation mechanism reduced to the axis of rotation of the crane

M=a]go—2aza)ogo+7gz2 (p—w). (1)

Also from the second equation of the system (5) we express the coordinate
of the main motion of the rotation mechanism ¢ through the function y and its
time derivatives

H(. .z.
¢=W+E(w+2zwj- (12)

Differentiating the obtained expression (12) twice over time, we obtain:

2
¢=w+£{w+3[[é—z—jw+z'wﬂ; (13)
g z z
Vi/d .3 .2
G =y +£{W+3Kf—3f+zz—2}y +2{2—Z—Jy7+z'1)7}} (14)
g z z z z

When determining the optimal mode of movement of the turning
mechanism at the steady-state mode of change of departure of cargo it is
necessary to set initial conditions of movement at ¢ = 0:

?(0)=0, ¢(0)=0, w(0)=0, vy (0)=0. (15)

In this case, the final starting conditions, which ensure the absence of
oscillations of the load at a steady movement of the turning mechanism [12],
whent =1¢,:

opty . ho
qo(t])=%,co(t])=a>p,w(tl)=%,w(ﬁ)=wp, (16)

where wp — the established value of the angular velocity of the crane rotation
mechanism.

After substituting expressions (12...14) into equation (11), it is seen that
the subintegral expression M will depend only on the unknown function and its
derivatives in time up to the fourth order. Therefore, the Mcx functionality
will, in fact, have one unknown function w(¢) as its argument.
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We rewrite the boundary conditions (15) and (16) using only the function
and its time derivatives. To do this, use the relations (12...14) and obtain:

(p(O) = Oa l//(O) = 0, l//(()) = 0’ W(O) — 0’

W(f]) = wpl , l/',(t, ) =wp, l]](t] ) — ‘25013%,

ooy Z'Z(t])_w

W(ll) = 20)13 |:3 Zz(t]) Z(t]) . (17)

Therefore, to optimize the mode of movement of the turning mechanism at
a steady state change of departure of the load, an optimization problem is
formulated. It includes criterion (10) in the form of an integral functional with
a subintegral function (11) taking into account expressions (6...9) and
(12...14) and boundary conditions of motion during start-up (17).

To approximate the solution of the nonlinear variational problem, we will
represent the desired function (optimal start mode) in the form of a
polynomial. Moreover, this function is divided into two terms

w(t)=wo(t)+w, (). 0<t<yq. (18)

Here, the first term is a selected polynomial (has an explicit form) that

satisfies the boundary conditions (17), and the second is a polynomial that

includes free coefficients and satisfies zero boundary conditions similar to
(17):

{(p] (0)=0, ,(0)=0, 4, (0)=0, §7(0)=0,

vi(6)=0, ¥, (1)=0, ¥, (5)=0, #(4)=0. (19)

Choose y,, in the form of a polynomial of degree 7 to ensure conditions
(17):

l//o(t)=t4[A] +A2(t—t])+A3(t—t])2+A4(t—t])3:|, 0<t<t;

¥ () =447 + 4, (5t4 — 463, ) + 4 (6t5 —10*, — 4t3t12)+
+4, (7t6 +1861, —156* — 4t3t]3);
Yo = 12477 + 4, (206 =126 )+ 4; (306" — 408 + 1271 ) +
+4, (4215 —90r* + 450°17 — 12t2t]3);
Wy = 244t + Ay (606 =241, )+ 4, (1206 ~1208°1, + 2411 ) +

+ 4, (2106 =270 — 2411} +135°17). (20)

With this choice v, the boundary conditions (17) at the initial time ¢ = 0
are already fulfilled. The coefficients A;, A,, 4;, A4 are chosen so that the
nonzero boundary conditions (17) are satisfied at the final moment of time
t=t.
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As a result of substituting conditions (17) depending on (20) we obtain:

A]:w_[:;; Azz_w_f; A3:w_4p l_Z(t]) 5
2 4 A -V

2| JE(0) E4) L A1)

! 20) 2t) hE(h)

21

3t
Therefore, a polynomial y, of the form (20) with coefficients (21) satisfies
the boundary conditions (17). We will write a polynomial , in a kind
p () =14 (=1 (Co+ Ct# ..+ C i), 0< 1 <1, 22)
The multiplier ¢* (t—1 )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 functional M .
Substituting dependences (20) with coefficients (21) and dependence (22)
into expression (18), we obtain an explicit form of the function y , which
includes free coefficients C, ..., C,, and it follows from the construction that
the obtained function y will satisfy the boundary conditions (17) at random
choice C,, ..., C,. Having an explicit form of the function y , we can find the
form of the function ¢ using dependence (12). The function ¢ will also
include free coefficients C,, ..., C,. Next, substituting ¢, y in expression
(11) we obtain the expression for the moment M, which is included in the
subintegral expression of the functional M (10). After the integration, in
expression (10) the functional M, will depend on the free coefficients
Gy, ... C,, because the functional M . is considered as a function of
arguments C,, ..., C,. Therefore, the approximate solution of the variational

problem (10) taking into account (6....14) and boundary conditions (17) is
reduced to finding the minimum of the function of many variables, for this we
can use one of the approximate methods [13, 14]. In this work, an application
package was used to solve this problem, in which methods based on the
simplex method were used to find the minimum function of many variables.
To determine the derivatives ,y/, ¢, ¢ included in (11...14),

approximate formulas of numerical differentiation were used, namely,
symmetric difference derivatives of the first and second orders, and to
approximate the integral (1) — the trapezoidal formula.

The selected in (22) maximum exponent n=5. For the required functions
v, @, their derivatives and for the driving moment M (11) calculations are
performed, the results of which are shown in Fig. 3...6. These calculations
were performed for the crane boom system with the following parameters [15]:
oy =09radian, w, =0,0278 radian/s,  @p =0,157 radian/s, £ =4s,
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L=2576m, [=10,16m, r=2,51m, H=14,7m, g=9,81m/s2,
m=20000 kg, my =5453kg, J. =2,856-10°kg m*, J, =1,189-10° kg m’,

Jp =6,338-10° kg m’.

In fig. 3 shows graphs of changes in the angular coordinates of the rotation
of the boom system and the load. These graphs show a smooth change of
angular coordinates, but there is a deviation of the coordinates of the boom
system and the load, which is eliminated before the start of the start-up
process, and when entering the steady state coordinates coincide.
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| /

o L h a1
"o 05 1 15 2 25 ) 3E n o 0s 1 [ ) 28 E] £

Fig. 3. Graphical dependence of coordinates Fig. 4. Graphical dependence of velocities

In fig. 4 shows the dependences of the angular velocities of the boom
system and the load when turning the crane. From these graphs it is seen that
the speed of the load during the start-up process gradually increases, and in the
speed of the boom system there are some fluctuations. At the end of the start-
up process, the angular velocities of the boom system and the load coincide, as
in their movements. This indicates that there will be no pendulum oscillations
of the load on the flexible suspension in the area of steady movement of the
turning mechanism.

008
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Fig. 5. Graphical dependence of accelerations Fig. 6. Graphical dependence of torque

In fig. 5 shows the graphical dependences of the angular accelerations of
the load and the boom system, which shows that the acceleration of the load
increases smoothly and decreases from zero initial value to a small value at the
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end of the start. However, the acceleration of the boom system at the beginning
of the movement increases rapidly to the maximum value with subsequent
change with oscillations.

A similar situation is observed when changing the dynamic component of
the driving moment of the drive mechanism (Fig. 6). At the initial moment of
start the driving moment of a drive of the mechanism of turn sharply increases
to the maximum value with its subsequent decrease with some fluctuations. A
sharp change, at the beginning of the movement, leads to oscillations in the
system, to reduce which it is necessary to ensure a smooth change of driving
momentum. However, this mode of movement increases the start-up time,
which reduces the performance of the crane.

Conclusions

1. In the considered article the optimization problem of joint movement of
mechanisms of change of departure and turn of a boom system of the crane is
set. In this case, the change of load departure is carried out in a steady state at a
constant angular velocity of the motor shaft, and rotation during start-up, when
the motor shaft 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 of change of departure and rotation of the crane,
the optimization criterion, which is the RMS value of the driving torque of the
rotation mechanism during start-up and boundary conditions of movement that
eliminate load oscillations on a flexible suspension. process.

3. The nonlinear optimization problem is solved by an approximate
method, where the solution is represented as a polynomial with unknown
coefficients, which are determined using a package of applications based on
the simplex method.

4. As a result of solving the optimization problem, the graphical
dependences of the kinematic characteristics of the boom system and the load,
as well as the driving moment of the drive of the turning mechanism during
start-up are constructed. The obtained optimal mode of crane rotation during
start-up at the steady-state mode of departure change allowed to eliminate load
oscillations on a flexible suspension and to minimize dynamic loads in the
drive mechanism.

5. Recommendations for the possible application of a certain optimal mode
of joint movement of the mechanisms of change of departure and rotation of
the jib system of the crane in practice in limited operating conditions.
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BUJIbOTY IIAPHIPHO-34JIEHOBAHOI CTPIJIOBOi CUCTEMMH I3 3YBYACTUM
CEKTOPOM

HaBeneHo pe3ynbTaTH ONTUMI3alil PEeKHMY [OBOPOTY IIAPHIPHO-34JIEHOBAHOI CTPLIOBOI
CHCTEMH KpaHa Ha [IUISHII IYCKy, HPH YCTaJCHOMY PEXKHMI 3MIHH BHIBOTY. 3a 00’€KT
JIOCTIZIKECHHST BUKOPHCTAHO CTPIJIOBY CHCTEMY 3 CEKTOPHUM IPHBOAOM MEXaHi3My 3MiHH BHJIBOTY,
a MeXaHi3M [OBOPOTY CKJIAJAa€ThCs 3 EICKTPOIABUIYHA, IUIAHETAPHOIO MEXaHi3My Ta BIIKPHTOL
3y6uactoi nepenauyi. st ontuMizanii peKMMy TOBOPOTY CTPLIOBOI CHCTEMH BUKOPHCTaHI METOIH
Bapiauiiinoro uyucieHHs. [Ipu upomy, chopMOBaHO BapialiiiHy 3ajady, sKa BKIIFOYAE PIBHSIHHS
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PYXY CTpPIJIOBOi CHCTEMH IIPH IOBOPOTI Ta 3MiHI BUIBOTY, KPUTEPil ONTUMI3aLil Ta KpaloBi yMOBH
pyxy. Kpurepiii ontumizaumii Mae BUIISL IHTErpajgbHOro (yHKIiOHANy, IO BimoOpaxae
CepeHbOKBAAPAaTHYHE 3HAUCHHS PYIUIIfHOrO MOMEHTY NMPHBOJHOIO MEXaHI3My IIOBOPOTY 3a 4ac
nycky. JlociifkeHHs] IPOBEACHO Ha AISHII MyCKY EJIEKTPOJABHIYHA MEXaHi3My MOBOPOTY Bif
CTaHy CIIOKOIO [0 JOCSATHEHHS HOMIHAJIBbHOI 4acTOTH OOEpTaHHSA Ta MpPH YCTaJeHIH IIBHAKOCTI
00epTaHHs eIeKTPOABUTYHA MEXaHI3My 3MiHH BHJIBOTY.

P03B’ 130K 3a7a4i MPeACTaBICHO Y BUIJIAAL MOJIHOMA 3 JBOMA JOAaHKAMH, MEPLIMA 3 SKHX
3a0e3neuye KpailoBi yMOBH pyXy, a ApYrHil MiHiMi3ye KpuTepili omTumizamii uepe3 HeBimomi
koediuientn. s UbOro BHKOPHCTAHO MAKeT Mporpam, IO 0a3yeTbCs Ha CHUMILUIEKC METO.I.
[To6ynoBano rpadiku 3MiHH KiHEMATHYHHX XapaKTEPUCTHK BAHTaXy Ta CTPIIOBOI CHCTEMH IIPH
po6OTi MeXaHi3MiB OBOPOTY Ta 3MiHH BHJIBOTY, @ TAKOXX PYIIIHHONO MOMEHTY B IIPOLECI ITyCKY
MEeXaHi3My IOBOPOTY, SIKi BiNOBIIAIOTh ONTHMAIEHOMY PEXUMY PyXy. OTpUMaHUH PEKUM PyXy
JI03BOJIMB YCYHYTH KOJIMBaHHS BaHTaXy Ha MiABici Ta MiHIMI3yBaTH [if0 JUHAMIYHHX
HAaBaHTaXKEHb. Ha OCHOBI JOCHI/UKEHb PpO3POOJCHO peKOoMeHamil MI0A0 BHKOPHCTAHHS
OTPUMAHOTr'0 ONTHUMAJILHOTO PEXUMY ITYCKY.

KutiouoBi ciioBa: MexaHi3M [OBOPOTY, MEXaHi3M 3MiHH BHJBOTY, PO3TOiiyBaHHS BaHTAXY,
yCTaJleHa 3MiHa BUJIbOTY, IHTErpaabHUi (DYHKIIOHAN, ONTUMI3aLis PEKUMY IIOBOPOTY.

Loveykin V.S., Palamarchuk D.A., Romasevich Yu.O., Loveykin A.V.
OPTIMIZATION OF ROTATE MODE AT CONSTANT CHANGE OF DEPARTURE IN
THE LEVEL-LUFFING CRANE WITH GEARED SECTOR

The results of optimization of the rotation mode of the level-luffing boom system of the crane
at the launch site, with the steady-state mode of departure change. The object of the study is a
boom system with a sector drive of the mechanism of change of departure. The mechanism of
rotation consists of an electric motor, a planetary mechanism and an open gear. Variation calculus
methods were used to optimize the mode of rotation of the boom system. In this case, a variational
problem is formed, which includes the equation of motion of the boom system when turning and
changing the departure, the optimization criterion and boundary conditions of motion. The
optimization criterion has the form of an integral functional that reflects the root mean square
value of the driving torque of the drive mechanism of rotation during start-up. The study was
carried out at the starting point of the electric motor of the turning mechanism from the state of
rest to reach the nominal speed and at a steady speed of rotation of the electric motor of the
mechanism of change of departure. The solution of the problem is presented in the form of a
polynomial with two terms, the first of which provides boundary conditions of motion, and the
second minimizes the criterion of optimization through unknown coefficients. To do this, use a
software package. Graphs of change of kinematic characteristics of cargo and boom system at
work of mechanisms of turn and change of departure, and also the driving moment in the course of
start of the mechanism of turn which correspond to an optimum mode of movement are
constructed. The resulting mode of movement allowed to eliminate the oscillations of the load on
the suspension. Based on research, recommendations for the use of the obtained optimal start-up
mode have been developed.

Key words: turning mechanism, reach change mechanism, cargo swing, steady change of
reach, integrated functionality, turn mode optimization.

Jlogeuixun B. C., Ilaramapuyx J]. A., Pomacesuu IO. A., Jlogetikun A.B.
OIITUMM3ALNUSI PEXXKUMA IOBOPOTA KPAHA ITPU YCTAHOBUBHIEMCS
M3MEHEHWU BBUIETA IIAPHUPHO-COYJIEHEHHOM CTPEJIOBOM CUCTEMBbI
C 3YBYATBIM CEKTOPOM

IlpuBenensl pe3ysbTaThl ONTHMHU3ALUM PEKMMa IOBOPOTA  IIAPHUPHO-COWIECHEHHON
CTPEJIOBOM CUCTEMbI KpaHa Ha y4acTKe ITycKa, IPH YCTaHOBUBLIEMCS PEXHUME U3MEHEHUS BbLIETA.
3a 00BEKT HCCIICI0BAHUS HCIIOIb30BAaHA CTPEIOBAst CHCTEMA C CEKTOPHBIM MPHBOJOM MEXaHH3Ma
U3MEHEHUs] BbUIETA, MEXaHU3M I[IOBOPOTA COCTOMT M3 3JIEKTPOJBMIATelsl, IUIAHETAPHOIO
MexaHu3Ma M 3yO4aroil mepepauu. /Ui ONTUMH3ALMU PEXMMa IOBOPOTA CTPEIOBOH CHUCTEMBI
HCIIOJIb30BaHbl METO/Ibl BAPHALMOHHOr0 HcunciaeHus. Ilpu atoM, copMUpOBaHO BapHALUOHHYIO
3a7a4y, KOTOpas BKJIIOYAET YPABHEHUS [BMJKCHHUsS CTPEJIIOBOH CHCTEMbl IPU IOBOPOTE U
M3MCHCHHM BBUICTAa, KPUTEPHil ONTHMHM3ALMM M KpaeBble YCIOBUs IBIKeHHs. Kpurepuit
ONTHUMH3ALMN UMEET BU HHTETPaIbHOr0 (QYHKIMOHANA, OTPAXKAaeT CPeAHEe 3HAUCHUE ABIDKYIIETO
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MOMEHTa NPHBOJHOIO MEXaHH3Ma IIOBOPOTa 3a Bpems Imycka. MccienoBaHue NpoBeieHO NpU
IyCKe ABUraTels MEXaHHW3Ma I0BOPOTa OT COCTOSHHMSA MOKOSl [0 JOCTHXKEHHs HOMHHAJIbHOM
4aCTOThI BPAILEHUS, U IIPU MOCTOSHHOM CKOPOCTH BPAILEHUs ABUTATENsl B MEXaHM3ME U3MEHEHUS
BBUIETA.

Perenue 3aaun nNpeacTaBIeHO B BUJIE MOJIMHOMA C IBYMs CJIaraéMbIMHU, IEPBbIH U3 KOTOPBIX
obecreynBaeT KPaeBble YCIOBHS JBHKCHHUS, a BTOPOH MUHUMU3HPYET KPUTEPUH ONTUMHU3ALIMH 110
HEH3BECTHBIM Kodd¢uiientam. s 3TOro MCIoabp30BaHa MporpaMMa, OCHOBaHHAsI HA CUMILIEKC
meroze. IloctpoeHsl rpaduky U3MEHEHUs] KHHEMAaTHYECKUX XapaKTEPHCTHK IPy3a U CTPENOBOMN
CHCTEMBI TIPH paboTe MEXaHH3MOB I10BOPOTA U M3MEHCHHUS BBUIETA, 4 TAKXKE JBIDKYLIETO MOMEHTA
B IIpOLIECCE IyCKa MEXaHM3Ma I10BOPOTA, KOTOPbIE COOTBETCTBYIOT ONTHMAIbHOMY DPEXKHUMY
nBWKeHUS. IloylydeHHBIH pPEXMM JABMXKEHHMS II03BOJIMJI  YCTPAHUTh KojnedaHUs Tpy3a u
MHHHMH3UPOBATh BO3ACHCTBHE AMHAMHYECKHMX HArpy3ok. Pa3paboTaHbl peKOMEHAALUH 10
UCIOJIb30BAHUIO MOJIyYEHHOI0 ONTUMAJIbHOIO PEXMMa ITycKa.

KarodeBble cjloBa: MEXaHU3M IOBOPOTa, MEXAHU3M HW3MEHEHHs BBUIETA, PacKaulBaHUE
rpy3a, yCTOSBIIEECs M3MEHEHHE BbIJIETA, WHTEIPANbHBIN (DYHKIMOHAJ, ONTHMH3ALMSI PEKUMA
IIOBOPOTA.

YK 621.87

Jloseiikin B. C., I[lanamapuyk J]. A., Pomacesuu IO. O., Jloseiikin A. B. Ontumizanis pe:xumy
NMOBOPOTY KpPaHa NpH ycTajleHiil 3MiHi BUIbLOTY IIAPHIPHO-34JIEHOBAHOI CTPiI0BOI cHcTEMHU
i3 3yduacTum cekropomM // Omip MaTepiaiiB i Teopis crnopya: Hayk.-Tex. 36ipuuk. — K.: KHYBA,
2021. — Bun. 106. — C. 221-235.

Haseoeno pesymvmamu  onmumizayii  pesicumy noeopomy wapHipHO-34IeHOBAHOI CMPINo6oi
cucmemu Kpauma Ha OLsHYL NYCKY, NPU YCMAAEHOMY PedcUMi 3MiHU 6Unbomy. 3a 00 '€km 00Caiodlcens
BUKOPUCIAHO CMPIIOGY CUCMEMY 3 CEeKMOPHUM NPUBOOOM MEXAHIZMY 3MIHU GUTbOMY, a MEeXaHizm
noBOpOMy CKIA0AEMbCsL 3 eNeKMpOoOSUSYHA, NIAHEMAPHO20 MeXanizmy ma eiokpumoi 3ybuacmoi
nepeoaui. [nsa onmumizayii pescumy nosopomy Ccmpinoeoi cucmemu  GUKOPUCIAHT Memoou
eapiayiiinozo yucaenns. Po36’sa30k 3adaui npedcmaeneno y euensidi notiHoma 3 06oma 0ooankamu. /s
Yb0O20 BUKOPUCIAHO NAKEM NPO2PaM, Wo DA3yembCsl HA CUMNIEKC MeMOOL.

In. 6. Bibniorp. 15 Hass.

UDC 539.3
Loveykin V.S., Palamarchuk D.A., Romasevich Yu.O., Loveykin A.V. Optimization of rotate
mode at constant change of departure in the level-luffing crane with geared sector // Strength
of Materials and Theory of Structures: Scientific-and-technical collected articles — Kyiv: KNUBA,
2021.—Issue 106. — P. 221-235.

The results of optimization of the rotation mode of the level-luffing boom system of the crane
at the launch site, with the steady-state mode of departure change. The object of the study is a
boom system with a sector drive of the mechanism of change of departure, and the mechanism of
rotation consists of an electric motor, a planetary mechanism and an open gear. Variation
calculus methods were used to optimize the mode of rotation of the boom system. The solution of
the problem is presented in the form of a polynomial with two terms. To do this, use a sofiware
package based on the simplex method.
1L 6. Ref. 15.

Jlogetixun B. C., [lanamapuyk /]. A., Pomacesuu FO. A., Jlosetikun A.B. OnTUMH3anus pexuMa
NMOBOPOTAa KpaHAa NpPH YCTAHOBHBINEMCS] W3MEHEHHH BbLI€Ta HIAPHHUPHO-COYJIEHEHHOI
CTPeJIOBOii cHUCTEMBI ¢ 3y04aThIM ceKkTopoM // CONpPOTHBIICHHE MATEPHAIOB M TEOPHS
coopyxennii. — K.: KHYBA, 2021. — Beim. 106. — C. 221-235.

IIpusedenvl  pezynbmamvl  ONMUMU3AYUU  PEICUMA  NOBOPOMA  WAPHUPHO-COUNCHEHHOU
CMpenogoll cucmembl Kpama HA y4acmke NycKd, npu YCMAHOGUSUIEMCS PedcuMe U3MEeHeHUs!
eblIema. 3a 06veKm Uccie0068aHUsi UCHOIL30BAHO CIMPENOBYIO CUCEMY C CEKMOPHBIM NPUBOOOM
MEXaHu3Ma UBMEHeHUs 6blIemd, a MeXAHusM NOBOPOMA COCHOUM U3 I1eKMmpOOGUAMes,
NAAHEMAPHO20 MEXAHU3MAa U OMKpbIMou 3youamou nepeoauu. s OnmuMuzayuu pexicuma
noBOPOMA CMpPenogoll CUCmeMbl UCHOIL3I0BAHBI MEMOObl 6aPUAYUOHHO20 ucHucienus. Pewenue
3a0auu npedcmasneno 6 eude NOIUHOMA ¢ O8YMs clazaeMvlMu. [ dMo2o UCnOIb308an naKem
nPOSPAMM, OCHOBAHMbIIL HA CUMNIIEKC MEMOoe.

Wn. 6. bubauorp. 15 Hass.
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