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The variational problem of the movement mode selection for the load outreach change
mechanism during a steady-state tower crane slewing was formulated and solved in the paper, that
ensures the minimization of the drive motor power. The variational problem is nonlinear, and so
we used the modified PSO-Rot-Ring particle swarm metaheuristic method for its solution. Low-
and high-frequency oscillations of the outreach change mechanism elements during the start-up
were detected in the optimization process. These oscillations are eliminated in the section of
steady-state movement due to the selection of the motion boundary conditions.
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Introduction. The movement of individual mechanisms is combined in
order to increase the productivity of tower cranes during their operation. To
combine the operation of outreach change and slewing mechanisms of tower
cranes is quite common. At that, increased dynamic loads take place in
elements of the drive mechanisms and crane construction, which affect the
power inputs and crane service reliability. The maximum power inputs are
observed during transient processes (start-up, braking) with such operation of
crane mechanisms. This is caused by the fact that the dynamic component of
drives power is dominant in comparison with the static one during an operation
of the load outreach change and crane slewing mechanisms. It is possible to
considerably reduce the dynamic power component of the tower crane drive
mechanisms due to the movement modes selection during transient processes.
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Also the reduction of power inputs leads to the installation of the lower power
electric motors and increase their durability, as the increased power inputs go
to overheat of the windings insulation.

Thus the reduction of power inputs and drive power minimization during
the operation of the outreach change mechanism and steady-state crane
slewing is actual problem, which directed to the thrifty use of tower cranes
resources in the conditions of modern production.

Analysis of publications. The significant number of research papers [1-10]
have been devoted to the study of dynamic loads and load oscillations on the
flexible suspension of lifting cranes and, in particular, tower cranes.

The dynamics of the outreach change and load lifting for various types of
cranes were studied and the causes of load oscillations on the flexible
suspension were identified in [4-8]. The combined movement of the jib
outreach change and crane slewing mechanisms were considered in [9, 10].
The drive electric motor of the outreach change mechanism was controlled
here during the crane slewing with a hanging load on the flexible suspension in
order to reduce its oscillations.

The joint movement dynamics of the outreach change and crane slewing
mechanisms is considered in the research paper [11], and the joint movement
mode of the outreach change and load lifting mechanisms was determined in
[12, 13]. The kinematic, force and energy characteristics of the outreach
change, load lifting and crane slewing mechanisms were determined on the
basis of these studies. At that, significant overload of the mechanisms and
spatial oscillations of the load on the flexible suspension were established.

The number of optimization problems were solved during the operation of
individual crane mechanisms to reduce the load oscillations on the flexible
suspension [14-18]. Thus the optimization problem of load oscillations
reduction on the flexible suspension during the operation of the crane slewing
mechanism was solved by use the complex dynamic integral criterion in [14].

The transition process optimization of the outreach change mechanism start-
up with the articulated jib system for load horizontal movement and crane
slewing by moment control of the drive is proposed in [15] to ensure minimum
loads and to reduce load oscillations on the flexible suspension.

The selection of motion estimation criteria for lifting machines is an
important problem of the movement modes optimization for lifting cranes [16,
17]. Integral dynamic criteria are common, which are presented in the form of
integral functionals with subintegral functions in the form of root-mean-square
values for force and energy characteristics. The solution of the optimization
problem according to this criterion for the simultaneous movement of outreach
change and crane slewing mechanisms is given in [18]. The defined modes of
movement cause additional loads on the elements of the drive mechanisms and
the crane as whole. Therefore, the criteria selection of movement modes
optimization with the combined operation of mechanisms is the actual problem
and requires the deeper study.
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Purpose of the paper. To minimize the drive power of the outreach change
mechanism for the tower crane with the steady-state slewing mode by the start-
up mode optimization.

Research results. The dynamic model of the tower crane jib system was
developed (Fig. 1) in order to minimize the drive power of the load outreach
change mechanism during the steady-state slewing [19].

——)

Fig. 1. Dynamic model of the outreach change mechanism
during the steady-state crane slewing

The jib system of the tower crane is represented by a mechanical system
with perfectly rigid links, except the traction rope for the trolley movement. It
is presented by an elastic element and flexible suspension of the load, that
carries out pendulum oscillations in the plane of the outreach change.

The inertial mass / and the driving moment M of the mechanism drive for
the load outreach change are reduced to the drum rotation axis. The drive drum
of the load outreach change mechanism is connected to the trolley by a mass
m, with an elastic rope from the stiffness coefficient C or C’ depending on

the trolley moving direction. When the trolley movement, there is a resistance
force W, which is always directed opposite to its movement. The flexible
suspension length is the constant value and equal to H , and the slewing
mechanism rotates with the constant angular velocity o .

The presented dynamic model of the tower crane jib system has three
degrees of freedom. The linear coordinates of the mass center for the trolley z
and the load x, and the angular coordinate of the drive drum slewing of the
outreach change mechanism 3, are taken as generalized coordinates.

The differential equations of mechanisms joint motion of the outreach
change and steady-state crane slewing were formulated for such a dynamic
model with use Lagrange equations of the second kind:
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IB=M-Cr(B-r-z);
mi—-mw'z=CB-r-z)—(mg/H)(z-x)-W; M

mx —mo’x = (mg/H)(z—x),

where r — drum radius; g — free fall acceleration; m — load weight.

From the last equation of the system (1) we will express the coordinate z in
terms of x and take the first and second time derivatives from it, as a result of
which we will have:

z=(1-(H/)0” )x +(H/g)¥;

w
=(1-(H/ )0 )i+ (H[g)%; 2 = (1-(H/2)o? )i+ (H/g) x . (@)
We find the expression of the drive drum angular coordinate of the load

outreach change mechanism from the second equation of the system (1), taking
into account the dependencies (2)

: [(C—m](oz)(l —(H/g)(oz)—m(oz}w
-— NG
w
Cr +[(C—2m](o2)(H/g)+m] +m}'c'+m] (H/g) x+W
Taking the first and second time derivatives of expression (3), we find the

angular velocity and acceleration of the drive drum of the load outreach
change mechanism:

1 [(C—m](oz)(1—(H/g)0)2)—m032}'c+
=— ; “4)
Cr +[(C—2m](o2)(H/g)+m] +m]5c'+m] (H/g);/c

1 [(C—m,mz)(1—(H/g)0)2)—m032}'é+
= , w vi (- )
+[(C—2m]0) )(H/g)+m] +m}x+m](H/g)x
We find the expression of the moment drive of the load outreach change
mechanism from the first equation of the system (1), taking into account
expressions (2), (3) and (5)

v
M=ay,+ax+a,i+ay x+a, x, (6)

ag =Wr; a =—[m+m] (1—(H/g)0)2ﬂ032r;

az:é[(c_mlof)(1_(H/g)o)2)—m0)2}+[m+m] (1_2(H/g)032)]r;

4 = é[(c—mlo)z)(h’/gﬂml (1-0/g)0? )+ m |+m (/2

a, =mIH[Crg; ay),;4 = const. (7)
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We will select the root-mean-square value of the drive mechanism power as
the optimization criterion of the start-up mode of the load outreach change
mechanism during the steady-state crane slewing. The problem of the drive
power minimization of the outreach change mechanism during the steady-state
crane slewing is set according to purpose of the study, therefore its root-mean-
square value during the start-up time selected as the optimization criterion.

At the same time, a variational problem is set, which is aimed at the root-
mean-square value minimization of the drive mechanism power

4 1/2
P, = LL | Pzdt} — min , (8)
1o

where ¢ — time; ¢, — start-up process duration of the load outreach change
mechanism; P — drive power of the load outreach change mechanism.

The solution of the given variational problem (8) x=x(¢), 0<¢<¢, must
satisfy the next boundary conditions:

w v
. . 2 .. 4
t=0: x=xp; x=0; X=x,0"; X=0; x =x,0; x=0;

Vt
t=t: x:x0+71; x=V; i=(x+0)/2)0%; ¥=Vo’;

w v
x =(xp +(")/2)0"; x=Vo, 9)

where x, — initial position of the mass center coordinates of the trolley and

load; V' — steady-state motion velocity of the trolley and load.
The drive power of the load outreach change mechanism during the steady-
state crane slewing is determined by the next dependence

P=Mp, (10)

where B is determined by expression (4), and M — by dependence (6) taking

into account expressions (7).

The variational problem (8) and (9) is nonlinear based on the dependence
(10) and the expressions of its component elements (4), (6) and (7). So it is
necessary to use approximate numerical methods for its solution. It is desirable
to have the first approximate initial solution of the nonlinear variational
problem in these methods, which will allow to significantly reduce calculated
resources in the future.

We will use the analytical solution of the next linear variational problem as
such an initial approximate solution of the nonlinear variational problem,
where the root-mean-square value of the drive moment is select as the
movement mode optimization criterion of the outreach change mechanism
during the steady-state crane slewing

4 1/2
M, = Llezdr} — min . (11)
10
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The solution of the given linear optimization problem x=x(¢), 0<¢<¢,

must satisfy the boundary conditions of the nonlinear problem (9). The
variational problem (11) and (9) with expressions (6) and (7) is linear, the
solution of which is presented in the next form

x(t)=y(t) —Z—O = (G, + Cyt)cos(oyt) + (Cy + Cyt)sin(oyt) + (Cs + Cyt ) cos(ayt) +
1

+(C; + Cgt)sin(oyt) + (Cy + Cypt)e™ +(Cyy + Cpt)e™™ —Z—O, 0<t<1,(12)
1
where C,, C,, ..., C;,— constants determined from the motion boundary
conditions (9); =*a;i, *a,i, *asi — roots of the characteristic equation;
i=-1 - imaginary unit.

For the tower crane jib system with parameters: m = 5000 kg, m; =300kg,
1=30 kg'mz, H=10m, g=9,,_8I kg-m/sz, o=0,075rad/s, r=0,15m,
¢=1,65-10°N/m, ¥ =0,85m/s, x, =7m, £, =5s, W =5500 N, the roots of
characteristic equation: *a;i =226,21i, *a,i=+1,918i, *asi==0,06705i
and constants: C, ~—1,3540-10°, C, ~1,0536-107, C; ~2,09208-107%,
C, ~1,8714-107, Cs =0,036064, C,~-0,014894, C, =0,020835,
C; =-0,003177, Cy =~ 78,196, Cip =2,9682, C; =-99,386,
Cy, = —4,41522 were found.

We will obtain the final solution of the linear variation problem (11) and (9)
by substituting the found constants C; ;, in (12). This will ensure the root-

.....

mean-square value minimization of the drive moment of the load outreach
change mechanism during the steady-state crane slewing.

We will use the analytical solution of the linear variational problem (11)
and (9), as the initial approximate solution of the nonlinear variational problem
(8) and (9). In order to obtain approximate solution of the variational problem
(8) and (9), we add the next polynomial to the known solution (12):

I
Yaoa (1) =10 (5=1)° Y bt" (13)
i=0

where / — polynomial order, whose coefficients must be found; b, — i-th
polynomial coefficient. The first and second polynomial factors (13) ensure
compliance with the boundary conditions (9), since the polynomial derivatives
(13) from first to fifth inclusive at the times ¢ = 0 and ¢ =¢, are equal to zero.
Thus the polynomial order used to find the approximate solution of the
nonlinear variational problem is equal to 6+ 1 .
So the function x,,,(¢), which will be used to find the approximate

solution of the variational problem, is presented by the superposition of the
motion laws (12) and (13):
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Xnabl (t) = x(t) + Xdoa (t) . (14)
The selection of the coefficients number 7 , that must be found, must satisfy
two contradictory requirements: first, it must ensure a sufficiently accurate
approximation of the function (14) to the sought problem extremal (8) and (9)
— and this requires setting a large number [ ; secondly, the number / should
be as small, as this reduces the number and scope of necessary calculations. It
is possible to meet these demands only on a compromise basis. We will take
I =5 in this study. This makes it possible to write functional (8) as a function
of unknown coefficients
Crg = B5(bys by, by, by, by, bs) . (15)
Note that this function is nonlinear and the determination of its minimum is
the rather difficult problem. So the PSO-Rot-Ring metaheuristic method was
used in this study [20]. This method is the modification of the PSO particle
swarm method with a ring topology of connections between particles, and this
topology is dynamic: the «ring» of particle’s connections returns with each
iteration, that causes change in the particles with which this particle exchanges
information. This modification of the PSO method makes it possible to better
explore the function and find promising areas, in which the minima can be
found (in the ideal case — the function global minimum).
The global best value corresponded to parameters b,, b, b,, by, b,, bs,

which are equal to zero when use the PSO-Rot-Ring method during the first
iteration. This value was changed in the future according with the found
minima. 1000 iterations were set, and the swarm size is 30.

The PSO-Rot-Ring method application made it possible to obtain the next
coefficient values: b, =8,429-10°, b =-1,008-10°, b, =4,600-107,
by =—6,146-10"%, b, =-9,493-107, b5 =2,159-107 .

In addition, the criterion was minimized, in which function (13) contained
only two unknown coefficients

Cry=P,, (b, b). (16)

Minimization of both criteria variants (15) and (16) led to almost identical
(in the sense of the criterion value (8)) results (Fig. 2).

The PSO-Rot-Ring method converges somewhat slower for the criterion
variant Cry, as can be seen from Fig. 2, which is caused by a larger number of

searched arguments. However, the difference between the found values of Cr,
and Cry differs only by tenths fraction. So we will consider only the option
Cr, in the future, the arguments that ensure its minimum are as next:
by =—6,458-107", b, =—-1,201-107%.

The obtained result will be presented in the graphical dependencies form
(Fig. 3-8) of the kinematic, force and energy motion characteristics of the load

outreach change mechanism during the steady-state movement mode of the
crane slewing mechanism. Diagrams in black correspond to the case of the
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initial iteration, i.e. function (12), and in gray — the found approximate solution
to problem (8) and (9).
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Fig. 2. Diagram of the criterion value (8) Fig. 3. Phase portrait of the load pendulum
reduction when use PSO-Rot-Ring method oscillations on the flexible suspension

(gray points — Cr variant, black — Cr, variant)

The next notations are accepted in Fig. 3: Ax=x—-z; Ax=x-2. Based on
the phase portraits results of the load oscillations relative to the trolley (Fig. 3),
constructed as the solution result of the given variation problems, we can
conclude that smaller deviations of the oscillations velocity are observed (gray
curve) in comparison with the root-mean-square value criterion of the driving
moment (black curve) when the problem solution according to the root-mean-
square value criterion of the power. At the same time, the maximum
displacement deviations are almost the same.

It can be seen from the graphic dependences of the trolley velocity (Fig. 4)
that high-frequency oscillations are observed in both movement modes, which
are caused by the change nature of the driving moment of the outreach change
mechanism drive. At the same time, there are also low-frequency oscillations
caused by the load oscillations on the flexible suspension when the movement
mode optimization according to the root-mean-square value of the driving
moment, which is practically not observed in the optimal mode according to
the root-mean-square power criterion.

High-frequency oscillations of the trolley traction force are observed in both
optimal movement modes (Fig. 5), and in the mode determined by the root-
mean-square value criterion of the driving moment, there is also the low-
frequency oscillations component. However, the maximum value of the trolley
traction force is slightly lower with this movement mode.

The driving moment of the outreach change mechanism has the similar
changes nature (Fig. 6). Both low-frequency and high-frequency oscillations
are also observed in both optimal movement modes, but the maximum moment
value is slightly smaller, which are determined by the root-mean-square value
criterion of the drive power for the outreach change mechanism.
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Fig. 6. Diagram of the driving moment change Fig. 7. Diagram of the drive power change
of the outreach change mechanism of the outreach change mechanism

The power change diagram (Fig. 7), determined by both criteria, show the
presence of high-frequency oscillations. However, low-frequency oscillations
are also observed in the movement mode, determined by the root-mean-square
value criterion of the drive moment.

In addition, the main parameters of the movement characteristics were
calculated, which correspond to the found approximate solution of the problem
(8) and (9) according to the root-mean-square value criterion of the power and
the known solution (12) according to the root-mean-square value criterion of
the driving moment (Table 1).

From the maximum and root-mean-square values of the physical parameters
(Table 1) of the outreach change mechanism during the steady-state crane
slewing, which were determined by the root-mean-square values criteria of the
driving moment and drive power, it is shown that the obtained movement
modes are quite close in their characteristics. At the same time, each of these
movement modes has its own characteristics, which were reflected in the
graphic dependencies analysis of kinematic, force and energy characteristics of
the outreach change mechanism during the steady-state crane slewing,.
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Table 1
Parameters of movement characteristics

Maximum values Root-mean-square
Physical content values

of parameter function | function | function | function

(12) (14) (12) (14)
Driving moment of outreach
change mechanism drive, N'm 10284 1013,7 960,6 961,0

Force in traction element, N 1134,6 1200,7 727,71 750,0

Rope deviation with load from
vertical, m 0,2084 0,2058 0,1437 0,1457

Conclusions. The dynamic optimization of the load outreach change
mechanism during the steady-state crane slewing is given in presented research
paper. The variational problem is formulate to carry out such optimization,
where the root-mean-square value of the mechanism drive power is select as the
optimization criterion of the load outreach change mode. The variational
problem was considered to solve this problem, where the root-mean-square value
of the driving moment for the mechanism drive was used as the optimization
criterion. The first of these problems is nonlinear, and the second is linear, which
has an analytical solution, therefore it was used as the solution component of the
nonlinear variational problem. The nonlinear variational problem uses an
additional component in the form of a polynomial with unknown coefficients.
The PSO-Rot-Ring metaheuristic method was used to determine these
coefficients, which is a modification of the PSO particle swarm method with the
ring topology. The minimum condition of the root-mean-square value for the
drive power was determined and the optimal mode of the load outreach change
was found. The optimal movement modes of other links of the outreach change
mechanism during the steady-state crane slewing were found due to the optimal
movement mode of the load. Low- and high-frequency oscillations of kinematic,
force and energy characteristics are observed in the optimal start-up mode of the
load outreach change mechanism, which are caused by the load rocking on the
flexible suspension and the nature of the driving moment change. These
oscillations are eliminated by to select the appropriate motion boundary
conditions in the steady-state movement section of the outreach change
mechanism and crane slewing. The comparison of optimal movement mode
obtained, when to solve the nonlinear variational problem with optimal mode,
found from the solution of the linear problem was carried out. The solved
variational problems give close results for the example of the outreach change
mechanism. So nonlinear problems can be replaced by linear ones in some cases.
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Jloseiikin B.C., Pomacesuu 10.0., Jloseiixin A.B., JIawxko A.Il., I[louka K.I., Baraka M. M.
MIHIMI3ALISI HOTYKHOCTI IPUBOAY MEXAHI3MY 3MIHU BUWJIBOTY
BALITOBOI'O KPAHA 3A YCTAJIEHOI'O PEXXUMY ITIOBOPOTY

VY crarTi mocraBieHa Ta po3B’s3aHa BapialiiiHa 3aadya BHOOPY PEXHUMY PYXy MeXaHi3My
3MIHM BWIbOTY BaHTAXy 32 YCTAJECHOr0 MOBOPOTY OAIUTOBOIr0 KpaHa, 110 3abe3medye MiHIMi3aLio
HOTY)XHOCTI IPHUBOAHOrO ABHUryHa. JIiasi HpPOBEOECHHS MOCTI/UKEHb BHKOPUCTaHA JMHAMIYHA
MO/ EJIb MeXaHi3My 3MiHl/l BUJIIBOTY, NPEACTABICHA MeXaHi‘-lHOlO CUCTEMOIO 3 TpbOMa CTYIICHAMHA
BinbHOCTI. [locTaBiiena BapiauiifHa 3aja4ya € HeNiHIHHO0, TOMY A ii pO3B’SI3KYy BUKOPHCTAHO
MoAH(BiKOBaHHI METAaeBPUCTHYHMH MeTon poro uactouok PSO-Rot-Ring. [{ms 36epexeHHs
PO3paxyHKOBUX PECYpCiB B SKOCTI M0OYaTKOBOTO HAOJIMIKEHHS PO3B’SI3KY HENiHIMHOI BapiauidHOT
3a/a4i BHKOPUCTAaHE aHANITUYHE PO3B’SI3YBaHHs IHIIOI BapiauwiifiHoi 3amadi mis Tiel  Mozmei
KPaHOBOTO MeXaHi3My i1 Ouu3bkoro 3a (i3sMYHHM 3MICTOM ONTHMi3awiiHOro Kpurepioo. Ilpn
pO3B’sI3yBaHHI HENiHIMHOI BapiauifiHOi 3a4a4i BH3HAYCHO PEXKHM IIYCKYy HPHBOAY MEXaHi3My
3MIHM BWJIBOTY BaHTaXy, SIKMH 3a0e3medye MiHIMI3alil0 CepeAHbOKBAAPATUYHOIO 3HAYCHHS
HOTY)XHOCTI IIPUBOAHOrO IBUI'YHA. B mporeci onTuMisawii BUsBICHI HU3bKO- Ta BHCOKOYACTOTHI
KOJIMBAHHS €JIEMEHTIB MEXaHi3My 3MiHH BHIBOTY IiJ 4Yac Iycky. llepiui KONMBaHHS BHKIHMKaHI
pO3rofilyBaHHsAM BaHT@Xy Ha THYYKOMY IiABICI I 4ac MycKy, a APYri — XapakTepoM 3MiHH
PyLIifIHOrO MOMEHTY Ta MOTY)XXHOCTI mpuBoAy. Lli KoIMBaHHS yCYBalOTHCS Ha AUBIHLI YCTAaJICHOIO
pyXy 3a paXxyHOK BHOOpY KpailOBHX YMOB pyXy, LIO BPaxOBYIOTHCS B IPOLIECI PO3B’sI3yBaHHS
BapiauiiiHoi 3a1aui.

KimrouoBi ciroBa: GamrToBuil KpaH, MeXaHi3M 3MiHM BHJIBOTY, IOTYXHICTb, HeNiHiiHa
BapiauiiiHa 3ajaya, KpUTepiit onTumizamii.

Loveikin V.S., Romasevych Yu.O., Loveikin A.V., Liashko A.P., Pochka K.I., Balaka M.M.
DRIVE POWER MINIMIZATION OF OUTREACH CHANGE MECHANISM OF
TOWER CRANE DURING STEADY-STATE SLEWING MODE

The variational problem of the movement mode selection for the load outreach change
mechanism during a steady-state tower crane slewing was formulated and solved in the paper, that
ensures the minimization of the drive motor power. We used a dynamic model of the outreach
change mechanism for research work, which presented the mechanical system with three degrees
of freedom. The formulated variational problem is nonlinear, and so we used the modified PSO-
Rot-Ring particle swarm metaheuristic method for its solution. The analytical solution of another
variational problem for the same model of the crane mechanism and an optimization criterion
close in physical content was used as the solution initial approximation of the nonlinear variational
problem to save calculated resources. The starting mode of the mechanism drive for the load
outreach change was determined during the solution of the nonlinear variational problem, which
ensures the root-mean-square value minimization of the drive motor power. Low- and high-
frequency oscillations of the outreach change mechanism elements during the start-up were
detected in the optimization process. The first oscillations are caused by the load rocking on the
flexible suspension during the start-up, and the second — by the nature of the change in the driving
moment and drive power. These oscillations are eliminated in the section of steady-state
movement due to the selection of the motion boundary conditions, which are taken into account in
the solution process of the variational problem.

Keywords: tower crane, outreach change mechanism, power, nonlinear variational problem,
optimization criterion.
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Jloseiikin B.C., Pomacesuu [0.0., Jlogeiikin A.B., Jluuxo A.Il, I[louka K., banaka M.M.
Minimizaniss moTy:kHocTi NpHBOAY MeXaHi3My 3MiHM BHJIBOTY 0alITOBOr0 KpaHa 3a
YCTAJIEHOTO PeXuMy nmoBopoty // Omip MarepianiB i Teopist copya: HayK.-TexH. 30ipauk. — K.:
KHVYBA, 2022. — Bun. 109. - C. 317-330.

IIpu po36’sizyeanni neninitinoi eapiayitinoi 3a0aui U3HAYEHO PENCUM NYCKY NPUBOOY MEXAHIZMY
SMIHU  GUILOMY BAHMAICY 3a YCMANEHO20 NO0BOPOmMYy 0OAWMO8020 Kpaua, wjo 3abes3neyye
MIHIMI3ayilo  nomysicHocmi  npugoonoeo oeucyna. Konueauns enemenmie mexamizmy 3miHu
SUTLOMY NIO YAC NYCKY YCYSAIOMbCA 3d PAXYHOK GUOOPY KPAUOBUX YMOE PYXY.

Tab6an. 1. Inn. 7. Bi6miorp. 20.

UDC 621.87

Loveikin V.S., Romasevych Yu.O., Loveikin A.V., Liashko A.P., Pochka K.I., Balaka M.M. Drive
power minimization of outreach change mechanism of tower crane during steady-state
slewing mode // Strength of Materials and Theory of Structure: Scientific and technical collected
articles. — K.: KNUBA, 2022. — Issue 109. — P. 317-330.

The starting mode of the mechanism drive for the load outreach change during the steady-state
tower crane slewing was determined under the solution of the nonlinear variational problem, that
ensures the minimization of the drive motor power. The oscillations of the outreach change
mechanism elements during the start-up are eliminated due to the selection of motion boundary
conditions.

Table 1. Fig. 7. Ref. 20.
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