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MATHEMATICAL AND S-MODELS OF CARGO OSCILLATIONS
DURING MOVEMENT OF BRIDGE CRANE

The effectiveness of research on the basis of mathematical models (linear, nonlinear) describing the dynamics of
bridge cranes and cargo oscillations during transitional modes of movement, increases significantly with the use of
numerical methods and simulation models created by visual programming tools.

Purpose. To develop and evaluate proposed simulation models of bridge crane dynamics.

Methodology. On the basis of well-known mathematical models, simulation models of the “bridge crane (trol-
ley) — cargo on a flexible suspension” system are developed. The simulation models are created using the visual pro-
gramming tools of the SIMULINK application running on the MATLAB system. Simulink libraries and DSP System

Toolbox components are used in the simulation.

Findings. S-models of cargo oscillations during the bridge crane movement have been developed and adjusted.
A comparative analysis of the proposed models has been performed.

Originality. With the help of SIMULINK visual programming tools for the first time we received a set of simula-
tion models of cargo oscillations during the transition modes of the bridge crane movement for linear and nonlinear

formulation of the task.

Practical value. The proposed s-models allow automating and visualizing studies of dynamics of bridge crane
movement in order to determine their rational kinematic and dynamic characteristics. The models are provided with

examples of calculation of dynamic motion modes.

Keywords: bridge crane dynamic, cargo oscillations, mathematical model, simulation model

Introduction. The works [1, 2] are devoted to the
study of the dynamic modes of movement of the “crane
(trolley) — cargo” system. The works [3, 4] consider the
issues of optimal control of the crane trolleys move-
ment. Interaction of the crane trolley wheels with rails
was investigated in works [5, 6]. The oscillation of the
trolley on the rope is described in the work [7]. In them
the dynamics of the crane motion is usually described by
linear models that may be integrated directly with fur-
ther dynamic analysis. Non-consideration of nonlin-
earities leads to simplified results that do not always re-
flect satisfactorily the real processes. Models are also
known which take into account the various nonlineari-
ties that are characteristic of the mechanical system and
the excitatory forces [8, 9]. Mathematical models of
movement are considered with different variants of as-
sumptions in the calculation schemes, but the issues of
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automating and increasing the effectiveness of the study
of cargo oscillations using models based on numerical
methods are given insufficient attention. Modern ap-
proaches to the study of oscillatory processes in me-
chanical systems involve the use of visual modeling
methods based on numerical methods for solving prob-
lems.

This work reflects the compilation of simulation
models of cargo oscillations during the bridge crane
(crane trolley) movement in the linear and nonlinear
formulation of the problem.

The objective and task statement. The purpose of the
work is to develop simulation models of the dynamic
“bridge crane (trolley) — cargo” system during the tran-
sition modes. In accordance with the purpose there are
the following tasks: 1) to carry out an overview of exist-
ing calculation schemes and mathematical models of
cargo oscillations during the bridge crane movement;
2) to develop and customize the linear and nonlinear
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simulation models of cargo oscillations; 3) to carry out
an assessment of the quality of the developed simulation
models of cargo oscillations during the bridge crane
(trolley) movement by numerical analysis.

The task execution methods are based on the funda-
mental research of the bridge crane dynamics. The
Simulink tool, which is an extension to the interactive
MATLAB system, was adopted by the simulation tool.

Calculation schemes of cargo oscillations during
the bridge crane movement. The most common means of
mechanization of lifting and transport operations at in-
dustrial enterprises are bridge type cranes (single girder,
double girder, gantry), common fact for which is that
the trolley carrying the cargo on the flexible suspension
moves along the span structure (bridge).

During the crane (trolley) movement there are loads
that are caused by the interaction of the crane movement
mechanism drive, elements of the metal structure, crane
track and cargo. Such loads depend on both the design
parameters of the machine and the crane track and their
deviations from the design values, as well as on some ex-
ploitation indicators (control regime, mass and position
of the cargo, position of the trolley in the crane span).

During the transitional modes of a crane (trolley)
movement there are observed cargo oscillations, which
cause uneven movement and, accordingly, additional
loads on the structure elements, create inconvenience in
the operation of machines, in particular, in the position-
ing of the cargo. Such influences must be taken into ac-
count by specifying the calculations of load-lifting ma-
chines and their drives.

In the most general case, the model of oscillatory
processes describes the dynamics of nonlinear systems
with lumped parameters, which are characterized by
stochastic phenomena.

The idealized calculation scheme of a double girder
four-wheeled bridge crane with a separate drive takes
into account the parameters of the crane and the physi-
cal factors that have the most significant effect on its
load level, such as: flexibility of the movement mecha-
nism transmission; stiffness of the main and final girders
of the bridge; distribution of the main girders masses
along the span length; flexibility of the cargo suspension
(rope); damping of elastic oscillations in the transmis-
sion; transverse displacement of crane wheels within
gaps between wheel flanges and rails; change of the re-
sistance forces of the crane movement as a result of the
change of wheel flanges pressure on rails; structural
damping of elastic vibrations of the main girders.

The crane system in this case is characterized by the
some parameters (Fig. 1): m,,; — mass of rotating parts
of the movement mechanism, reduced to the crane dis-
placement (in the direction of the axis y); m, — reduced
mass of the girder and the end truck; m, — trolley mass;
m, — cargo mass; 1, — mass of a length unit of one main
girder; C, — reduced rigidity ratio of transmission; EJ; —
stiffness on the bend of the main girder; EJ, — stiffness
on bending of the final girder; ¢, — analogue of the rigid-
ity of the suspension system of the cargo on the ropes;
D, — damping ratio of transmission; ; — coefficient of
internal friction of the main girder.
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Fig. 1. Calculation scheme of double girder bridge crane

The following external forces act on the crane during
its start-up and braking: P, and P, — driving or braking
forces on the corresponding end truck; W, W, — the
resistance forces of movement of the corresponding end
truck, including the friction forces between wheel flang-
esand rails; R; (i=1, 2, 3, 4) — transverse reactions from
the rails acting on the wheels on the rolling lane, which
may be either forces of elastic slipping, or forces of slip
friction; N, — the forces acting on the wheel flanges from
the rails. All external forces, except the constant compo-
nents of the resistance forces of crane movement, are
not known in advance and are determined as a result of
the solution of the equations of the crane movement.

We consider two typical cases of location of a trolley
with a cargo: in the middle of the span and near the final
girder.

We simplify the calculation scheme of the bridge
crane. The two main girders are replaced by one equiva-
lent girder, the mass and stiffness when bending equal
the mass and stiffness of the two main girders. This re-
placement is only needed to determine the bending mo-
ments in the main girders, and the bending moments in
the final girders are calculated according to the scheme
of the complete frame.

In accordance with this idealization, the calculation
scheme of the bridge crane for the middle position of
the trolley with the cargo during start and stop of the end
trucks (Fig. 2) has the following parameters: £EJ = 2EJ;
n=2p; b=2p,.

This calculation scheme is suitable and convenient
for practical use. In order to further simplify it, we take
into account the correlation between the crane eigenfre-
quencies.

For bridge cranes, the frequency of the pendulum
oscillations of the cargo is significantly lower than the
frequency of oscillations of the crane structure and the
end trucks. Even with a small length of the suspension,
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Fig. 2. Simplified crane calculation scheme
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the frequency of the pendulum oscillations of the cargo
does not exceed 2—3 s~!, while the eigenfrequencies of
the crane are an order of magnitude higher [10].

Consequently, we can assume that the pendulum os-
cillations of the cargo do not depend on the oscillations
of the crane structure, and when the cargo oscillations
are calculated, the crane structure and the end trucks
can be taken absolutely rigid. In calculation the dynamic
loads affecting the crane structure and end trucks, the
law of the variation of the horizontal component of the
ropes tension, which arises as a result of pendulum os-
cillations of cargo, can be set in the form of a known
function of time, determined by the scheme of the abso-
lutely rigid crane. This approach allows us to reduce the
order of equations in the mathematical model of the
crane as a dynamic system by two units.

The calculation of the pendulum oscillations of the
cargo on the ropes is performed according to the sim-
plest scheme of the two-mass system [4] (Fig. 2). In
Fig. 2: m; — reduced mass of the crane or the trolley;
G = m,g — cargo weight; P — total traction or braking
effort of the driving wheels of the crane (trolley); W —
resistance force of the crane (trolley) movement; x; and
X, — generalized coordinates of masses m; and m,; S —
total tension of ropes; ¢ — angle of deviation of ropes
from the vertical; 7" — horizontal component of the
ropes tension; H — length of the cargo suspension.

The works [4, 8] propose a refined dynamic model of
the movement of trolley with a cargo on a flexible sus-
pension. The calculation scheme of the crane is adopted
as a flat pendulum with a cargo mass m,, the hinge point
of which, along with a trolley weighing m,, moves along
a horizontal straight line. The forces acting on the trol-
ley are the motive force of the drive F and the force of
dry friction W. Both forces are functions of the speed of
the trolley. This scheme corresponds to the simplified
scheme (Fig. 2), but the oscillations of the cargo are
considered, taking into account the trigonometric func-
tions of the angle of deviation of the cargo from the ver-
tical

Mathematical models of cargo oscillations during
the bridge crane movement. When compiling a mathe-
matical model of cargo oscillations in linear formulation
(Fig. 2), the following assumptions are introduced:

- the system is conservative with two degrees of free-
dom;

- the masses of the cargo and the trolley are lumped;

- the driving forces and resistance forces applied to
the trolley are constant;

- the ropes do not stretch;

- the maximum deviation of the ropes from the verti-
cal does not exceed 10—12°, therefore we accept:
sing = @, cos@ = 1.0. Given this assumption, we accept
X,=x,+ Ho, S= G =m,g, and the horizontal component
of the ropes tension

T=5p="2(x,-x,).

where S is total tension of ropes; ¢ is the angle of devia-
tion of ropes from the vertical; g is acceleration of grav-
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ity; m, is cargo mass; H is the length of the cargo suspen-
sion; x; and x, are generalized coordinates of masses m,
and m,.

The equations of the oscillations of a cargo and a
crane (trolley) is convenient to make in a direct way, as
the sum of inertial, restorative, driving and resistance
forces on the generalized coordinates.

The equation of crane movement is

. mg
m1x1+#(xl—x2):P—W, (1)

where m, is reduced mass of the crane or the trolley, and
the equation of cargo movement in a horizontal direc-
tion is

m, +%(x2 —x,)=0, )

where P is force that accelerates or retards a crane (trol-
ley); W is static resistance force of the crane (trolley)
movement).

The value of the force P is determined by the for-
mula

M,
Rk

P

n,

where M, is drive torque; i is gear ratio of drive; 4 is the
coeflicient of efficiency of the drive; R is the crane (trol-
ley) wheel radius.

The force Pbecomes zero after acceleration or decel-
eration.

The static resistance force of the crane (trolley)
movement is determined by the formula

W, =(m, +m2)g(de+2k]kﬂ,

w

where k;= 1.5 is the coefficient taking into account the
friction between wheel flanges and rails; f is the wheel
bearing friction coefficient; d is the trunnion diameter;
D,, is the crane wheel diameter; k is the coefficient of
rolling resistance of the wheel on the rail).

The duration of acceleration or deceleration is

{ =2mn Hupin [ M '
? g \m+m,

The differential equations (1) and (2) form a system
that describes the oscillations of the cargo and the crane
(trolley) as a conservative mechanical system with two
masses [6]

3)

mX, +c(x1 —x2)=P—W
mzjé2+c(x2—xl):0 .

In this equations ¢ = 72g is cargo suspension rigidity.

During several periods the amplitude of oscillations
is damped due to the presence of so-called “construc-
tive damping” in the system. We take this phenomenon
into account by introducing into the system (3) a linear
resistance force proportional to velocity
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{ml)'c'l+[3(xl—x2)+c(xl—x2)=P—W’ @

my%, +B(%, - X, ) +¢(x,—x, ) =0

where b is the coefficient of viscous friction in the sys-
tem.

A more precise mathematical model of oscillations

of a crane with a cargo is obtained with less idealization
of the oscillatory system [4]

(m1 +m, )x +m21(£p<:05(p—(p2 sin(p) =
= P(x)—W sign(x)

mzl)'cq)(—sin(p) + ngl(—sin(p) -

- mzlz{p—mzl()'c'comp—)ksincp(p) =0

bl

or after the transformations

(m1 +m2))'c'+m21(§bc05(p—('p2 sinq)) =

= P(x)-W sign(x) . (5)
[p+gsinp+xcosp=0

In the system

am, ™M
2\ € R
P(x)= = , (©6)
1-=
(POR Skp
Sk l_i
GR

where M, = M,,,, is the maximum value of drive torque;
sy, is critical slip of the engine (we accept s;, = 1); is
synchronous angular speed of the engine).

Simulation models of cargo oscillations during
the bridge crane movement. Simulation model (S-mod-
el) is a formal (that is, executed in some formal lan-
guage) description of the logic of the functioning of the
investigated system and the interaction of its individual
elements in time, taking into account the most signifi-
cant causative relationships inherent in the system; it
provides statistical experiments.

In studying the behavior of the system it is necessary
to note two important circumstances:

1) the relationship between the individual elements
described in the model, as well as between some of the
parameters can be represented in the form of analytical
dependencies;

2) the model is implemented and has a practical val-
ue only if it reflects only those properties of the real sys-
tem that affect the value of the selected efficiency indi-
cator.

The results of simulation modeling, as with any nu-
merical method, always have an individual character. To
obtain substantiated general conclusions, it is necessary
to conduct a series of model calculations (experiments),
and the processing of results requires the use of special
statistical procedures.

In most cases, the ultimate goal of the simulation is
to optimize certain parameters of the system. However,
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the potential of simulation modeling is substantially
wider. Depending on the stage and purpose of the re-
search, one of the three most common types of simula-
tion experiments is used:

1) study of the relative influence of various factors on
the value of the output system characteristics;

2) finding an analytical dependence between output
characteristics and factors;

3) search for optimal or rational values of system pa-
rameters.

To perform simulation experiments, the MATLAB
system, which contains the Simulink visual simulation
application, is efficient and convenient. In this work us-
ing Simulink tools we create the simulation models of
cargo oscillations for transitional modes of the bridge
crane (trolley) movement

Linear model. The linear simulation model (Fig. 3)
describing the oscillations of the cargo and the trolley as
a conservative mechanical system with two masses, is
developed on the basis of system (3). For the conve-
nience of visual programming, the system has been re-
duced to the form

% = P—W—c(x1 —xz)

m
c(x1 —x2)

m,

(7)

X, =

In the simulation we used the following input pa-
rameters:

- cargo mass m,= 20 400 kg;

- reduced trolley mass m; = 22 400 kg;

- total driving (or braking) force P =75 kN;

- length of the cargo suspension H = 14 m.

The simulation model (Fig. 3) contains four blocks-
integrators (Integrator — Integrator3). The Integrator
unit receives the data of the right-hand side of the first
equation of the system (7), which are formed by mathe-
matical blocks. After using Integrator, we get the crane

speed and after using the Integratorl unit, we get the
value of crane (trolley) moving x;. Similarly, the Inte-
grator2 unit receives data on the right-hand side of the
second equation of system (7) formed by the second
group of mathematical blocks. After using the Integra-

Divide

Scope2
4

x 3 x2 x2
20400 +

2 Divide1 Integrator? Integratord

]
L

Fig. 3. Simulation model of oscillations of a cargo and a
trolley during acceleration (deceleration)
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tor2 unit, we get the cargo speed and after using the
Integrator3 unit, we get a cargo deviation x,. The follow-
ing blocks are used to form the data of the right-hand
sides of the system equations (7):

constant P — reduced driving force;

constant m;, m,, H, g — reduced trolley mass, cargo
mass, length of the cargo suspension, acceleration of
gravity;

gain, g, sum, m;, m, form the resistance forces of
movement W;

divide, dividel are the dividing operations;

product are multiplication and division operations;

subtract is subtraction operation;

scope — virtual oscilloscope for registration of cargo
movement x, and trolley movement x;;

scope2 — a virtual oscilloscope for registering cargo
oscillations relative to the crane (trolley) as a difference
xl - .X'2.

In order to increase the immunity of the model from
unintentional modification it is expedient to create a
disguised subsystem in the model. The subsystem re-
ceives data from the blocks of constants, which form the
crane parameters, and the initial data are received in the
virtual oscilloscopes scope i scope2. The initial simula-
tion conditions are asked directly in the dialog boxes of
the units Integrator — Integrator3.

The model run at the interval 0—10 s allowed us to
get the value of the movements of the cargo and the trol-
ley (Fig. 4) and the difference between these values.

In the mathematical model of oscillations of the
trolley and the cargo (4) during acceleration, we take
into account the energy dissipation due to the friction
forces in the rope, the bearings of the trolley and other
connections.

To develop the s-model we transform system (4)

. _P—W—B()'cl—x2)—c(xl—x2)
=

m
B()'cl —x2)+ c(x1 —x2)

m,

®)

X, =

The simulation model on the system (8) has a unit B;
it takes into account the viscous friction forces (Fig. 5),
which are proportional to the oscillation velocity.

This oscillation model also has four data input units
(m,, m,, P, H) and two output units (Scope I and Scope?).

With the consideration of viscous friction in the sys-
tem, the amplitude of the cargo oscillations is sufficient-

) IScope

6B 020 ABE B A% -

xl. %2

Fig. 4. Trolley movement x, and cargo movement x,
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Fig. 5. Simulation model with unit B

ly rapidly damped (Fig. 6). However, there is a constant
difference in the movement of the trolley and cargo,
which is explained by the assumption of the constant
value of the driving force P at the simulation interval.

Nonlinear model. The nonlinear simulation model
describes the oscillations of the cargo and the trolley. It
is developed on the basis of system (5), which is given for
ease of simulation to this type

P(x)—~Wsign(x)—m,l(§coso—¢*sing)
(rmy +m, ) .9

. —gsin@—Xcosg
- !

Input data for calculating the driving force by for-
mula (6) are the following: M, = M,,,= 1252 N - m —
maximum value of drive torque; i = 27.83 — gear ratio of
drive; 7 = 0.8 — the coefficient of efficiency of the drive;
R=0.275 m — the crane (trolley) wheel radius; s, = 1 —
critical slip of the engine; =104.6 s™' — synchronous
angular speed of the engine.

After substituting data in (6), we obtain a simplified
formula for determining the driving force of a crane (a
trolley)

202724

P(x)=
. 1
1-0.9675%x+—————
1-0.9675x
The simulation model (Fig. 7) implementing the al-
gorithm by the system (9) is much more complicated
than the described models in the previous section, but
gives us a more objective notion of the course of the
cargo oscillatory process. This model allows us to get a
schedule for changing the speed of the crane (trolley)

) 'Scope?

Fig. 6. Cargo oscillations relative to the trolley
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Fig. 7. Nonlinear simulation model describing oscilla-
tions of cargo and crane (trolley)

(Fig. 8) from the first second of the start of the move-
ment. The rapid increase in the crane (trolley) speed is
due to the insignificant horizontal component of the
cargo weight at the initial moment of cargo movement.
With the increase in the deviation of the cargo from the
vertical, the speed of the crane (trolley) slows down and
acquires oscillatory character.

The disguised system and subsystems of this model
are presented in Figs. 9—11 and no further explanation is
needed.

The simulation results (Fig. 12) indicate that over
time the oscillation of cargo speed and cargo movement
dampen. This is due to the decrease in the energy of the
cargo oscillations. The reason for the “outflow” of en-
ergy lies in the damping power of the electric drive: as
soon as the cargo deviates in the direction of the trolley,

[T [ [0 02 0% 03 0%

Fig. 8. Chart of the crane (trolley) speed during start-up

£ |driving trolley
force speed [
Driving force formation wmit
E_, mass trolley M [
of the l.FDHE_j-' speed "
mi
_|driving trolley .
| force moving "
- ey
R1A5S oscillations —
20400 2
. of cargo of cargo 1
m2 o Cango
n Iength deviation
- of suspension  of suspension | |
L i
Calculation block angle

Fig. 9. Disguised nonlinear simulation model
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Fig. 10. Main subsystem of disguised nonlinear simula-
tion model

202724

Constantt

Subtractt

Divided

Fig. 11. Subsystem forming the force of crane (trolley)
movement

Fig. 12. The windows of the study of oscillations of the
“crane (trolley) — cargo” system

the horizontal tension of the ropes compensates for the
force of dry friction W (static resistance force of the trol-
ley movement) and accelerates the trolley above the
speed corresponding to the speed of the ideal idle travel
of the end truck drive. In this case, the electric motor
enters the mode of recuperative inhibition with energy
return to the electricity grid. This energy is the energy of
oscillations.

Main results and conclusions.

1. We performed an analysis of the existing calcula-
tion schemes and mathematical models of the pendulum
oscillations of cargo during the bridge crane movement.

2. We have developed a linear simulation model that
describes the oscillations of the cargo and the trolley as
a mechanical conservative system with two masses.

3. We have developed a linear simulation model that
describes the oscillations of the cargo and the trolley and
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takes into account the viscous friction forces in the sys-
tem.

4. We have developed a nonlinear simulation model
that describes the oscillations of the cargo and the trol-
ley and takes into account the nonlinearity of the driving
force and the resistance forces of the crane (trolley)
movement.

5. The developed simulation models are proposed
for accelerating research on the influence of crane pa-
rameters on cargo oscillations during its movement;
they can be used at the stages of designing new cranes
and modernization of cranes that are already operating
at enterprises.
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miJg yac pyxy MOCTOBOr0 KpaHa

C. B. Paxwa, I1. I'. Anogppics, B. M. boeomas,
0. C. Kypon’amnuk
JIHIMPOBCHKUI HalliOHAJbHUI YHIBEPCUTET 3aJi3HUYHOTO
TpaHCIopTy iMeHi akagewmika B. Jlazapsina, m. JIHinpo, Ykpa-
iHa, e-mail: anofrievp@ukr.net

EdexTuBHicTh JOCTIIKEHb HA OCHOBI MaTeMaTHy-
HUX Mojesieil (TiHIHHUX, HeJliHIMHUX), 1110 OMUCYIOTh
MUHAMIKY MOCTOBUX KPaHiB i KOJMBaHb BaHTAXYy Iif
yac MepexiTHuX pexknUMiB pyXy, CYTTEBO 3pOCTaE i3 3a-
CTOCYBaHHSIM UYMCEJIbHUX METO/IB Ta iMiTalliiHUX MO-
JieJieid, 1110 CTBOPEHI iHCTPYMEHTaMU Bi3yaJlbHOTO IIpO-
rpaMyBaHHS.

Meta. Po3poOka Ta olliHKa 3alpOIOHOBAaHUX iMi-
TaliliHUX MoJeell TMHAMiK1 MOCTOBUX KpaHiB.

Metonuka. Ha ocHOBi BimomMux MaTeMaTMYHUX
Monesieli po3poOsieHi iMiTauifiHi Moaesi KoJMBaHb
CHUCTEMMU ,,MOCTOBUU KpaH (Bi30K) — BAaHTaX Ha THy4Y-
KoMy minBici®. IMiTauiitHi Moaesi CTBOpEHi 3a 10mo-
MOTOI0 iHCTPYMEHTIB Bi3yaJbHOTO MNpPOTPaMyBaHHS
nonatka SIMULINK, 1o npauioe mig ynpabiiHHIM
cuctemu MATLAB. I1pu moaentoBaHHI BUKOPUCTaHI
KOMITOHeHTH 0i0miotek Simulink i DSP System
Toolbox.

Pe3ynbTaTtn. Po3po0JieHi Ta HaaromkeHi s-Moaei
KOJIMBaHb BaHTaXy IIiJl Yyac IepecyBaHHS MOCTOBOIO
KpaHa (Bi3ka). BuKoHaHO MOpiBHSJIBHUI aHali3 3a-
MPOIOHOBAHUX MOJIEJIEH.

HaykoBa HoBu3Ha. Yriepiiie, 3a 1OIOMOTI0OI0 iHCTpY-
MEHTIiB Bi3yanbHoro nporpamyBanHsg SIMULINK,
OTpHMMaHO Halip iMiTaLliiHUX MoIeieil KOJIMBaHb BaH-
Taxy Mif 4yac MepeXifHUX PeXUMiB pyxy AJIs JiHiAHOL
Ta HeJIiHIHOT MOCTaHOBOK 3aayi.

IIpakTHYHA 3HAYMMICTh. 3aIIPOIIOHOBAHI S-MOIEIi
TIO3BOJISIIOTh aBTOMATU3YBaTH Ta Bi3yasli3yBaTH HOCITi-
JIKEHHS JTUHAMIKKM PyXy MOCTOBUX KpaHiB 3 METOIO BU-
3HA4YeHHS iX pallioHaJIbHUX KiHEMAaTUYHUX i JMHAMIY-
HUX XapakTepucTuk. Mopesi 3a0e3rnedyeHi KOHTPOJIb-
HUMM NPUKIagaMy PO3paxyHKy TMHAMIYHUX PEXUMIiB
PyXy.

KmouoBi cioBa: duramixa mocmoeoeo kpana, Koau-
BAHHS BAHMANICY, MAMEMAMUUHA MOO0eAb, IMimayiiHa
Modens

MaremaTuyecKue U S-MOJeJIM KoJeOaHuii
rpy3a npu JBWKEHUH MOCTOBOI0 KpaHa

C. B. Pakwa, I1. I'. Anoghpues, B. H. bocomas,
A. C. Kyponamuux
JIHEMpPOBCKUII HALIMOHAJIbHBIN YHUBEPCUTET XKEJIE3HOI0-
POXHOTO TpaHCIOpTa WMMeHU akanemuka B.JlazapsiHa,
r. Inenp, YkpaunHa, e-mail: anofrievp@ukr.net

D@@GeKTUBHOCTb UCCIeIOBaHUII HA OCHOBE Marte-
MaTUYeCKUX Mojeiell (JIMHEWHBbIX, HeIUHEWHBIX),
OMUCHIBAIOIINX TUHAMUKY MOCTOBBIX KPAaHOB U KOJIe-
0GaHUs TPy3a BO BPEMS MEPEXOJHBIX PEXUMOB BUXKE-
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HUS TIPEIIOKEHO IOCTAaTOYHO MHOTO. D(PGhEeKTUB-
HOCTh MCCJICIOBAHUI HA 3TUX MOJICIISX CYIIECTBEHHO
BO3pacTaeT ¢ IMPUMEHEHHEM YMCICHHBIX METOIOB U
VMUTAILIMOHHBIX MOJEIei, CO3MaHHBIX MHCTPYMEHTA-
MU BU3YaJbHOTO MPOrpaMMUPOBaHUS.

Ienb. Pazpaborka M olLeHKa MpemIoXeHHBIX
MMUTALMOHHBIX MOJieell TMHAMUKU MOCTOBBIX Kpa-
HOB.

Metoauka. Ha ocHOBe u3BeCTHBIX MaTeMaTUye-
CKHUX MoJesieil pa3paboTaHbl UMUTALIMOHHBIE MOIEIN
KoJjiebaHUI cucTteMbl ,,MOCTOBOI KpaHa (TejexKa) —
rpy3 Ha rudkom mnoasece”. MUTallMOHHBIE MOIEIU
CO3IaHBI C IIOMOINBI0 MHCTPYMEHTOB BHU3YaIIbHOTO
IporpaMMHUpPOBaHUS TIprioXeHns: Simulink, padora-
fomiero mox ympasieHueM cuctembl MATLAB. Tlpu
MOJEIMPOBAHUN MCITOIb30BAINCH KOMIIOHEHTHI OM-
onmorek Simulink 1 DSP System Toolbox.

Pe3ynbTaTel. PazpaboTaHbl U OTJIaXKEHBI S-MOAEIU
Koje6aHuil Tpy3a Mpu IBUKEHUU MOCTOBOIO KpaHa.
BrbinosiHeH cpaBHUTENbHBIN aHAIW3 TMPEeAIOKEHHbIX
MoJIeJIEH.
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Hayynasa noBusHa. BriepBble, C TOMOIIBIO UHCTPY-
MEeHTOB Bu3yasibHoro mporpammupoBanust SIMULINK,
MoJy4YeH HabOp MMUTALMOHHBIX MoOjeeil KojaebaHui
rpy3a Ipu IBUXEHUM MOCTOBOTO KpaHa ISl TUHEHHOM
Y HEJITMHEWHOI TTOCTAaHOBOK 33/1a4M.

IIpakTuyeckasa 3nauumMoctb. [IpennoxeHHbIe s-MO-
JIEJIM TO3BOJISIIOT aBTOMAaTU3UPOBATh U BU3YAJIU3UPO-
BaTh MCCJIEAOBAaHUS NUHAMUKU JBVKEHUS MOCTOBBIX
KPaHOB C LIEJIbIO ONPEIETIEHNUS UX PALIMOHATbHBIX KH-
HEMaTUYECKUX U TUHAMUYECKUX XapaKTepucTuk. Mo-
JIEJIM MOTYT OBITh MCIIOJIb30BAaHbI NIPU aHAIN3E TUHA-
MMKM KPAHOB [UJI51 PA3JIMYHbIX BADMAHTOB UX MOJLEPHU-
3a1uu. Bee Mozmenu cHaOXeHbl KOHTPOJIbHBIMU MPU-
MepaMM pacyeTa JMHAMUKU KpaHa W Ipy3a Mpu pas-
TOHE.

KioueBble ciioBa: duHamuka mMocmosoeo Kpaua, Ko-
Ae0aHus epy3a, Mamemamu4eckas mooens, UMUmMayuoH-
Has modenw

Pekxomendosano 0o nybaikauii dokm. mexH. HayK
B. B. Ilpouieom. lama nadxoodxucenns pykonucy 12.01.18.
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