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ENERGY OPTIMIZATION OF A HOISTING ENGINE ACCELERATION

Purpose. To improve the energy characteristics of mine winder acceleration in the process of lifting the final load by optimizing
and investigating the results which have been obtained with energy and dynamic indicators.

Methodology. In order to optimize the acceleration of a mine winder, a class of continuously differentiated basis functions was
used. They included the free parameters, which are used for energy criterion minimization. Several approximate solutions of the
variational problem were obtained. By using the numerical integration of differential equations, an analysis of the results with en-
ergy and dynamic indicators has been performed.

Findings. It has been established that the mine winder motion laws, which have been obtained in the research, allow eliminat-
ing the oscillations of its elements (load and coupling halves) at the end of acceleration mode. In addition, during the acceleration,
undesirable maximal dynamic loads in the rope, coupling, and drive are significantly reduced, as well as an insignificant decrease
in undesirable root-mean-square values of energy and dynamic indicators of the lifting machine can be observed. It has been
proved that the numerical values of the energy and dynamic indicators of the machine movement significantly depend on the
characteristics of its motion during acceleration.

Originality. The formulation of the optimization problem was performed, where the nonlinear integral functional was chosen
as a criterion. It was established that the variational approach does not allow obtaining the exact solution of the problem. In order
to find approximate solutions of the problem, we obtained five basis functions that contained free parameters. Besides that, for the
synthesis of basis functions, the specified boundary conditions were used. They allowed reducing the undesirable dynamic indica-
tors of the mine winder significantly. The obtained approximate (quasi-optimal) solutions to the variational problem were investi-
gated according to a complex of energy and dynamic indicators. A rational basis function was established. It is simple and satisfies
the requirement of sufficient accuracy of solving the optimization problem.

Practical value. The optimal mode of mine winder acceleration, which has been obtained in the work, might be implemented
with the help of controlled electric drive of direct or alternating current, which allows increasing the efficiency of a mine winder in

terms of energy and dynamic indicators.

Keywords: hoisting, energy optimization, acceleration mode, nonlinear problem, basis function

Introduction. An important problem of mine winder ex-
ploitation is to provide the high energy efficiency [1]. This
problem is becoming increasingly urgent because of the con-
stant increase of the cost of electricity tariffs. The variable en-
ergy losses of the electric engines of the hoisting machines
make one of the main factors, which can be minimized and
provides improving of the cycle efficiency of the machine [2].
Intensive and long-lasting exploitation of the mine winder with
high cycle efficiency allows increasing the mining profitability.

One of the important aspects connected with the energy
efficiency of mine winder exploitation is the long-term work of
its elements. Electrical losses in the mine winder drive cause
the electrical motor winding heating and deterioration of the
drive electrical insulation. In its turn, it reduces the durability
of the machine’s electric drive.

The requirement of the mechanical elements (coupling, wire
rope) durability is related to its level of the dynamical forces. The
minimization of this level is an important issue to investigate.

Literature review. One of the ways to increase the energy
efficiency of the mine winder is to optimize its parameters and
operating modes. Investigations, which have been conducted
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in the work [3], are connected with the optimization of the
mine winder drum weight with its strength remained on the
same level. In the article [4] with the use of the finite-element
method an approach concerning the optimal configuration of
machine drive has been developed. The similar research,
which is presented in the work [5], allows reducing the con-
centrations of the local stresses of the mine winder drum. It
provides the ability to reduce the weight of the drum and prob-
ability of cracks in it. In the work, for optimization purposes,
the special software OptiStruct has been used.

The problem of optimal reliability of a main-shaft device
of a mine hoist was investigated in the work [6]. The authors
identified the most significant factors that affect the reliability
of the mechanism. In addition, a universal method, which al-
lows obtaining an optimal construction of the main-shaft de-
vice of a mine hoist, has been developed.

In the article [7] the solution of the mine winder optimiza-
tion problem has been found. The search domain was a conjunc-
tion of the mine winder motion modes and its parameters. The
criterion of optimization was integral-terminal functional, which
reflected undesired dynamic indicators of machine exploitation.
Such an approach allowed improving the dynamic and energy
indicators of the machine during its design and exploitation.
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In the research paper [§], the problem of a few mine hoist-
ing machines scheduling is formalized. The consumed energy
is used as a criterion. Using the wide range of mathematical
methods the authors have obtained an approximate solution of
the problem. However, the problem of optimization of each
mine winder remained unsolved.

Unsolved issues. Currently, the unsolved problem in the
field of the high energy efficiency of the mine winder is the
synthesis of such laws of its motion that would enable to mini-
mize the energy consumption while providing the minimum
dynamic loads in its elements.

Results, which have been obtained in the previous studies,
allow improving construction of hoisting machines or their
particular dynamics or energy efficiency indicators.

Mine winders are characterized by oscillatory features [9].
That is why energy optimal control of the mine winder motion
should be found with the imposed conditions of the elimination
of its elements oscillation. Such a problem must be solved by us-
ing effective mathematical methods that ensure the requirements.

Thus, the complex increasing of energy and dynamic indi-
cators of the mine winder is an unsolved scientific problem.
The solution of the mentioned problem provides high reliabil-
ity and energy efficiency of the mine winder.

Unsolved aspects of the problem. In order to perform opti-
mization of the mine winder motion, its characteristics should
be taken into account. It is rational to consider the machine’s
movement at three stages: acceleration — steady motion — de-
celeration. In the statement of the optimal control problems of
the machine’s motion, characteristics of the transient mode
(acceleration or deceleration) and direction of the final load
movement are related to the boundary conditions of the ma-
chine elements.

This article explores the acceleration of the mine winder
during hoisting of the final load. However, the approach devel-
oped in the research can be used for optimization of other
modes of machine’s motion.

Purpose. The goal of the investigation is to increase energy
features of the mine winder acceleration during the final load
hoisting due to its optimization and analysis of the obtained
results in terms of energy and dynamic indicators.

Results. In order to synthesize the optimal acceleration
mode of the mine winder, we use a dynamical model, which is
described in previous research studies (Fig. 1 in the work [7]).
The mathematical model, which is related to the dynamical
model of the machine, is presented in the form of a system of
three differential equations [7, 10]

MM =J§, +c,(9,—9,)

Cq;((P17‘P2):J2¢2+Cx((P2R*x)R: (D
e (pR—x)=mx+F

where J; is the reduced moment of inertia of the motor rotor
and the first half-coupling; J, is the reduced moment of inertia
of the second half-coupling, the gearbox, and rope drum; m is
mass reduced to the vertical motion of final load; R is the rope
drum radius; ¢, is the reduced coefficient of coupling stiffness;
¢, is the reduced coefficient of rope stiffness; M is the reduced
torque of mine winder drive; Fis the reduced resistance force
during skip motion. Note that it is very common to use ordi-
nary differential equations [11] and partial differential equa-
tions [12] in the modelling of technical systems. This state-
ment may be applied to the hoisting machines as well [13].

All numerical parameters which are in the equation sys-
tem (1) are reduced to rope drum. The point above the symbol
means differentiation by time.

Note that the mathematical model of the mine hoisting
machine (1) reflects the oscillations of the drive elements and
the final load. That is why the synthesis of energy optimal laws
of the hoisting machine with the differential equations (1) al-
lows eliminating the oscillations of these elements, decreases

the level of the dynamical loads, and provides high reliability
of its exploitation.

In order to carry out the optimization of the energetic
characteristics of the mine winder, a criterion should be cho-
sen. Within the framework of the current study we chose an
integral criterion

AR
Int :[T‘ [ PjrdtJ — min, )
0

where T is duration of the machine acceleration to the steady
velocity; P, is the machine’s drive power.

The criterion (2) reflects the root-mean-square value of
the consumed power of the mine winder drive during its ac-
celeration. Minimization of its criterion allows obtaining a
mode of acceleration with a low level of the energy losses. The
criterion (2) is a non-linear integral functional. With the con-
sideration of the system of differential equations (1) it may be
presented as follows

T 3 a2 2 )
Int=| T [A0+ZA,x]zgj x |dt|, (3
0 i=1

j=0

where A,...A; and B,...B, are coefficients, which may be de-
fined as follows

A,=FR

A =(J,+J)R"+mR

Ay=mRJ\¢; +J\J (¢, R +m(J,+J, ) (e R)

A=JJ zm(cxc(PR)‘I . 4)
B,=R"!

B =(cJ,+c m+c,mR*)(c.c,R)!

B, =mJ,(c,c,R)

For an optimal problem setting, the boundary conditions
of the machine elements movement should be set. They may
be presented in the following form

0,(0)=0; 9,(0)=—FRe,"; x(0)=0,(0)R - Fc;'
$,(0)=¢,(0)=x(0)=0

@ (T)=sR"; 0,(T)=¢,(0)+sR"; x(T)=x(0)+5
¢ (T)=¢(T)=vR"; X(T)=v

®)

where s is the distance, which the load covers during accel-
eration mode. Initial conditions (5) mean that the dynamical
system begins to move from a quiescent state. Final condi-
tions (5) relate to the steady state movement of the machine
(its steady velocity is v), and oscillations of the elements are
absent. The last factor provides reducing of the dynamical
loads in the elements of the mine winder after its accelera-
tion.

The boundary conditions (5) are expressed in terms of
function x(7) higher order derivatives

x(0)= FR2c(;1 +Fel; x(0)=0, re(l, 5) ©)

y
x(T)=FR?c,' + Fe;' +5; X(T)=v; x(T)=0, ye(2,5)

Thus, the problem of optimal acceleration mode of a mine
winder (3, 4, 6) is a variational one. In order to find its solu-
tion, a necessary condition of criterion (3) minimum has been
stated. It is the Euler-Poisson [14] equation, which is a non-
linear differential equation of the twelfth order (it is very large
and that is why we did not present it here). It is impossible to
find the analytical solution of this equation. The numerical so-
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lution of the boundary problem (3, 6) will not bring the desired
result: the change of a parameter of the system causes the need
of a new solution of the problem.

In order to find an approximate solution of the variational
problem (3, 4, 6) we used a class of the continuously differen-
tiable functions. In the class, we set basis function, which
meets the boundary conditions (6) and includes an unknown
parameter. Such function may be found as a solution of the
following boundary problem

Xl
xp1=0

x,,(0)= FR?c,' + Fe'; x5.1(0)=0, re(l, 5)

x,,(T) = FR?c,! + Fe;' +5; x, (T)=v;

(7

y -
x51(T)=0, ye(2,5)

where x,, is the first basis function, which is used as an ap-
proximate variational problem (3, 4, 6) solution. Let us set
more boundary problems. We will use their solutions for the
same purpose — approximation of the exact solution of the
variational problem (3, 4, 6). They are

X
x 52=0

Xy2(0)= FR2¢; + Fe;'; x52(0)=0, re(l, 5)
Vi

x52(0)=¢, - (8)
X, (T) = FR*c,' + Fe.' +5; %, ,(T)=v;

y -
x62(T)=0, ye(2,5)
174

x01(T)=¢q,

xv
x53=0

x,3(0)= FR*c;' + Fe's x5.3(0)=0, re(l, 5)

x 0

;ij [g]_o, ue(4, 6) ; 9)

y
X, 3(T) = FR?¢,' + Fe;' +5; %, 5(T)=v; x53(Y)=0,
ye(25)

XvII
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x,4(0)= FR?c,' + Fei's x54(0)=0, re(l, 5)

X
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y
x,4(T)= Fch;' +Fe +s; %, ,(T)=v; x64(T)=0,
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"
X 55=0
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y
X, 5(T) = FR?¢,' + Fe;' +5; X, (T)=v; x55(T)=0,

ye2,5)

where x; 5, X, 3, X3 4, X;, 5 are the second, third, fourth, and fifth
basis functions; ¢, and ¢, are unknown values of the function’s
x(?) sixth order derivative which should be found.

Let us explain the selection of such specific boundary con-
ditions in the boundary problems (8—11). The higher orders of
the function x(f) derivatives in the moment of time 7/2 are
equal to zero. For that, using the system of differential equa-
tions (1), we have written the angular acceleration of the first
system’s reduced element (the element with the moment of
inertia J1)

w Vi
¢, =B x+B,x. (12)

The analysis of the boundary conditions, which are pre-
sented in the boundary problems (8—11) allows setting the fol-
lowing expressions

T
.. T\,
(pl.b.3( b ]
.. T) .. T
Proa [2] =014 [2] =0 s (13)
.. T) .. TY) v T
Dips 5 =Pips Y =Qps b =0

where @,,3, 0154, P15 is the angular coordinate of the first
reduced element of the dynamic system, which corresponds to
the third, fourth, and fifth basis function respectively.

Kinematic characteristics (13) of the reduced element mo-
tion laws provide the desirable feature: at the moment of time
T/2 the torque of the inertial forces, which influence the ele-
ment J1, equals to zero. This causes less severe conditions of
the mine winder drive work (in terms of energetic and dynam-
ics). The third and the fourth derivatives of the function ¢,
(the second and the third expression in the system (13)) pro-
vide some “continuation” of this feature in time.

Solutions of the boundary problems (7—11) (basis func-
tions) include free parameters that can be used to find the
minimum of the criterion (3). In order to do that, we need to
find the higher derivatives of the basis functions and substitute
them into the integrand of the criterion (3). By performing
such mathematical transformations we obtain the following
dependence

Int=f(p), (14)

where p is a vector of free parameters of basis functions x; ;,
Xy, Xp3, Xpa4, Xps. For the cases, which correspond to the
boundary problems (7, 9—11), the vector reduces to a scalar
p=s. For the basis function x, , the vector can be presented as
follows p = [s, q1, ¢,]".

Taking the derivative of criterion (3) by the components of
the vector p and equating the obtained result to zero, we will
find the necessary conditions for the criterion (3) minimum.
For the basis functions, which are solutions of boundary prob-
lems (7, 9—11), such an equation has the form of a cubic equa-
tion

olnt &,

= w;aws 0, (15)
where ay,..., o3 are coefficients of the equation defined in
terms of coefficients A,...4; and B,...B,, parameters 7, v and
coefficients of the basis functions x;, |, X, 3, X; 4, X; 5. Analysis of
the roots of the equation (15) shows that for any (real) values of
parameters 7, v and coefficients A,...A; and B,...B, only one
root is real. Two other are complex numbers. Taking into ac-
count physical concerns, we will choose the real root of the
equation (15)

T
R

s (16)

For the basis function, which is a solution of the boundary
problem (8), calculation of derivatives with respect to the vec-
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tor p components leads to the system of nonlinear algebraic
equations. It is impossible to find analytical solutions of the
system. In order to find the numerical solution, the modified
particle swarm optimization (ME-PSO) method was used
[15], which allowed finding the minimum of the expression,
(14), as the function of s, ¢;, ¢,. That method corresponds to
the soft calculation techniques, which were used for calcula-
tion of mine winder modes [16]. All the calculations were car-
ried out for the following values of the mine winder: m =
= 4400 kg; J, = 2400 kgm?; J, = 2000 kgm?;, R =2 m; ¢, =
=1.06 - 10° N/m. In the calculations, the following parameters
were used: 7'=4s; v=12 m/s. The obtained optimal values of
the mode parameters are s =24 m, ¢, = ¢, = 711 m/s°.

Substitution of the obtained results in the expressions of
the basis functions x; |, X, X; 3, Xj 4, X5 5 leads to the laws of the
final load movement that approximate the minimization of the
criterion (3). We denote these as quasi-optimal laws. Using the
system of equations (1) and quasi-optimal laws of load mo-
tion, the expressions of the kinematic, dynamic, and energy
characteristics have been found.

In order to illustrate the obtained characteristic of mine
winder motion, the diagrams were built. They are shown in
Figure. The black plots in Figure correspond to the function
X, gray plots — to the function x, 4. In Figure all the graphical
dependencies are continuous. It provides the reducing of the
dynamical loads in the elements of the mine winder. Residual
oscillation of the elements does not exist. It is a desirable fea-
ture as the dynamical loads during steady-state movement do
not exist as well. Such characteristics increase the coupling
and wire rope reliability.

Analysis of the graphical dependencies shown in Figure,
reveals that the important factor affecting the maximum loads
in the mine winder elements, are the features of the basis func-
tions that were used for finding quasi-optimal solutions of the
variational problem. It is obvious that selection of the specific
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features (in the frame of the current investigation such features
were reached by adding the special boundary conditions in the
boundary problems (9—11)) allows obtaining desirable charac-
teristics of the mine winder motion. These characteristics are
manifested in a significant reduction of the maximum values
of the forces and torques in the machine’s elements.

In order to estimate the obtained approximate solutions of
the initial variational problem, we used energy and dynamic
indicators. We will conduct the evaluation with root-mean-
square values and the ratios of the maximal values. All these
indicators reflect the undesirable features of the mine winder
movement.

The calculated data are given in Table. The smallest values
are highlighted in bold. Note that the last column of Table is
related to the value of the optimization criterion (3).

Analysis of the data in Table shows that the worst energy
and dynamic features occur for the quasi-optimal motion law,
which corresponds to the basis function x;,. The law of mo-
tion, which was founded with the help of basis functions x; 4
and x, 5 have the best features. In that sense, functions x, 4, and
X, s are similar. Thus, further complication of the basis function
(i.e. adding extra boundary conditions in the middle of the ac-
celeration interval) to obtain a more precise solution to the op-
timal problem is not expedient. Thus, in order to control the
mine winder movement, we may recommend using the quasi-
optimal law, which corresponds to the basis function x; 4.

The analysis of the data in Table shows that the drive pow-
er maximum ratio varies in a narrow range. The same applies
to the root-mean-square values of wire rope force, coupling
and drive torques.

The root-mean-square value of the drive power for differ-
ent quasi-optimal modes differs only by 4.0 %

As for the dynamic response factors of the rope, the cou-
pling, and the drive depend on features of quasi-optimal laws
of the hoisting machine. For example, the coefficient of the

radls

60
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N
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Fig. Diagrams of mine winder motion characteristics during its acceleration:

a — drive power; b — drive angular velocity; ¢ — torque in the flexible coupling; d — force in the rope
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Table

The energy and dynamic indicators which correspond to quasi-optimal control laws of mine winder motion

Basis function used in Dynamic response factor Drive power RMS"
quasi-optimal motion ) maximum )
law calculation rope | coupling | engine ratio rope, kN | coupling, KNm | engine torque, KNm | engine power, kW

Xp 1 1.75 1.46 1.93 1.37 57.6 103.4 122.7 442.9
Xp 1.53 1.33 1.66 1.34 57.1 103.0 121.3 434.6
X3 1.48 1.29 1.60 1.33 56.9 102.9 120.8 430.9
Xp4 1.42 1.25 1.52 1.33 56.7 102.7 120.3 425.6
X 1.42 1.25 1.52 1.33 56.7 102.7 120.3 425.6

*RMS — root-mean-square value

rope, which is related to the basis function x, 4, is by 23.2 % less
than the similar indicator for the basis function x;;. The dy-
namic response factors of the coupling for these laws vary by
16.8 %, and for the drive — by 27.0 %. These data support the
previously made conclusion regarding the rationality of using
the quasi-optimal law of the mine winder motion, which is
based on the basis function x; 4.

Conclusions. The article develops an approach to increasing
the energy efficiency of the mine winder. It is applied to the ac-
celeration mode of the mine winder. It can be generalized to
other transient modes of the machine movement: deceleration
during hoisting or lowering of the final load, and acceleration
during lowering of the final load. In the work, in order to find
the approximate solution of the optimal control problem (based
on energetic criterion), the continuous-differentiable class of
functions was used. They have a priori set of specific character-
istics, which allowed eliminating the residual oscillation of the
machine elements at the end of the acceleration and providing
decrease in undesirable maximal values of forces and torques in
the elements of the mine winder, as well as improving the ener-
getics indicators of the machine exploitation. Calculation of the
quasi-optimal laws of the mine winder motion (except one basis
function) was carried out in an analytical form.

The prospect of further investigation in the scientific di-
rection is to improve the methods of basis functions selection,
which are used to find the approximate solution of the nonlin-
ear problems of the mine winder movement control. The ulti-
mate goal is to synthesize an effective method of basis func-
tions selection, which allows considering an optimal problem
specifics: the optimization criterion, the boundary conditions
of system motion, constraints of the phase coordinates and
control function.

References.
1. Medved, M., Ristovic, 1., Roser, J., & Vulic, M. (2012). An
Overview of Two Years of Continuous Energy Optimization at
the Velenje Coal Mine. Energies, 5, 2017-2029. DOI: 10.3390/
en5062017.
2. Boyko, A., & Volianskaya, Ya. (2017). Synthesis of the sys-
tem for minimizing losses in asynchronous motor with a func-
tion for current symmetrisation. Eastern-European Journal of
Enterprise Technologies, 4(5(88)), 50-58. DOI: 10.15587/1729-
4061.2017.108545.
3. Mangalekar, S., Bankar, V., & Chaphale, P. (2016). A Re-
view on Design and Optimization with Structural Behavior
Analysis of Central Drum in Mine Hoist. International Journal
of Engineering Research and General Science, 4(2), 91-96.
4. Zhen-liang, Y., & Wei-min, L. (2011). CAE Optimization
Design of Mine Hoist Spindle Device. Advanced Materials Re-
search, 299-300, 878-882. DOI: 10.4028 /www.scientific.net/
AMR.299-300.878.
5. Hu, J., Lla, J.-Ch., He, X., & Cao, J.-Ch. (2016). Large
Mine Hoist Drum Topology Optimization Design. In Interna-
tional Conference on Energy Development and Environmental

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, N2 5

Protection (EDEP 2016) (pp. 520-526). Retrieved from http://

dpi-proceedings.com/index.php/dteees/article/down-
load/5945/5559.

6. Lu, H., Peng, Yx., Cao, S., & Zhu, Zc. (2019). Parameter
Sensitivity Analysis and Probabilistic Optimal Design for the
Main-Shaft Device of a Mine Hoist. Arabian Journal for Sci-
ence and Engineering, 971-979. DOI: 10.1007/s13369-018-
3331-y.

7. Loveikin, V.S., & Romasevych, Yu.O. (2018.) Regime-
parametric optimization of a mine winder deceleration. Nau-
kovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 5, 72-78.
DOI: 10.29202/nvngu/2018-5/9.

8. Badenhorst, W., Zhang, J., & Xia, X. (2011). Optimal hoist
scheduling of a deep level mine twin rock winder system for
demand side management. Electric Power Systems Research,
81(5), 1088-1095. DOI: 10.1016/j.epsr.2010.12.011.

9. Ilin, S.R., Samusya, V.I., Kolosov, D.L., Ilina, I.S., &
Ilina, S.S. (2018). Risk-forming dymamic processes in units of
mine hoists of vertical shafts. Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu, 5, 64-71. DOI: 10.29202/nvn-
gu/2018-5/10.

10. Zabolotnyi, K.S., Panchenko, O.V., Zhupiiev, O.L., &
Polushyna, M. V. (2018). Influence of parameters of a rubber-
pore cable on the torsional stiffness of the body of the winding.
Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 5,
54-63. DOI: 10.29202/nvngu/2018-5/11.

11. Pylypaka, S., Klendiy, M., & Zaharova, T. (2019). Move-
ment of the Particle on the External Surface of the Cylinder,
Which Makes the Translational Oscillations in Horizontal
Planes. Advances in Design, Simulation and Manufacturing,
336-345. DOI: 10.1007/978-3-319-93587-4_35.

12. Sladkowski, A.V., Kyrychenko, Y.O., Kogut, P.I., Sa-
musya, V.I., & Kolosov, D.L. (2019). Innovative designs of
pumping deep-water hydrolifts based on progressive multi-
phase non-equilibrium models. Naukovyi Visnyk Natsional-
noho Hirnychoho Universytetu, 2, 51-57. DOI: 10.29202/nvn-
gu/2019-2/6.

13. Grigorov, O., Druzhynin, E., Anishchenko, G., Stri-
zhak, M., & Strizhak, V. (2018). Analysis of Various Ap-
proaches to Modeling of Dynamics of Lifting-Transport Ve-
hicles. International Journal of Engineering & Technology,
7(4.3), 64-70. DOI: 10.14419/ijet.v7i4.3.19553.

14. Bronshtein, I.N., & Semendyayev, K.A. (2013). Hand-
book of mathematics (3" ed.). Springer Science & Business
Media. Retrieved from https://www.springer.com/gp/
book/9783662462201.

15. Romasevych, Yu., & Loveikin, V. (2018). A Novel Multi-
Epoch Particle Swarm Optimization Technique, Cybernetics
and Information Technologies, 18(3), 62-74. DOI: 10.2478/
cait-2018-0039.

16. Szymanski, Z. (2015). Intelligent, energy saving power
supply and control system of hoisting mine machine with
compact and hybrid drive system. Archives of Mining Sciences,
60(1), 239-251. DOI: 10.1515/amsc-2015-0016.

111


http:// dpi-proceedings.com/index.php/dteees/article/download/5945/5559
http:// dpi-proceedings.com/index.php/dteees/article/download/5945/5559
http:// dpi-proceedings.com/index.php/dteees/article/download/5945/5559
https://www.springer.com/gp/book/9783662462201
https://www.springer.com/gp/book/9783662462201

Enepretnyna ontumisauis po3roHy npuBoay
MiTHOMHOI MaIIUHA
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HauioHnanbHuii yHiBepcuTeT 0iopecypciB i MpUPOIOKOPUCTY-
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Mera. [ligBullEHHSI €HEPTETUYHUX XAPAKTEPUCTUK pe-
JKMMY PO3TOHY IAaXTHOI MiIHOMHOT MALLIMHMU ITiJ1 Yac Mmimio-
MY KiHIIEBOTO BaHTaXy 3a paxXyHOK IPOBEIEeHHS ONTUMi3allii
Ta JOCIIIKEHHST OTPUMAHUX Pe3YJIbTaTiB 32 eHEPreTUMHUMU
i1 TMHAMIYHUMY TTOKa3HUKaMU.

Mertomuka. /111 BAKOHaHHSI ONTHUMi3allil pO3roHy LIaXTHOI
MAAOMHOI MalllMHU BUKOPHUCTAHO KJac HeTlepepBHO-Iube-
peHLiiioBaHUX 6a3ucHUX (pyHKLIN. BOHM BKJIIOYAIN BiJIbHI Ma-
paMeTpu, 3a SKMMU OyJia IMpoBe/ieHa MiHiMi3allisi eHepreTUYHO-
ro Kkputepito. OTpuMaHoO JieKijbka HaOIMKEHUX PO3B’SI3KiB Ba-
piauifiHoi 3anadi. 13 BUKOpUCTAaHHSIM YMCEIBHOTO iHTerpyBaH-
Hs nudepeHIlialbHUX PiBHSIHb MTPOBENEHO aHali3 pe3yJibTaTiB
33 €HEPTeTUIHVMH ¥ TUTHAMIYHUMU TTOKA3HUKAMU.

PesyabraT. BcraHoBiieHo, 1110 OTpUMaHi y poOOTi 3aK0-
HOMIPHOCTI pyXy LIAaXTHOI MiAHOMHOI MalllMHU J103BOJISIOThH
YCYHYTU KOJIMBaHHS ii eJleMeHTiB (BaHTaxy Ta MiBMydT) y
KiHLi 11 po3roHy. KpiM TOro, mpoTsromM po3roHy 3HA4HO
3MEHIILYIOThCSl HebakaHi MaKCUMaJslbHi TMHAMiYHi HaBaHTa-
JKEHHS B KaHaTi, My(Ti Ta TpUBOIi, a TAKOX CITOCTEPIra€ThCs
He3HauyHe 3MEHIIEHHS HeDaXXaHUX CepelHbOKBAAPATUYHUX
3HaYeHb €HEePreTUYHMX i AUHAMIYHUX ITOKA3HMKIB pOOOTHU
niniioMHOI MaluHU. JloBeleHO, IO YUCEeIbHi 3HAYEHHS
€HEepreTUYHUX i TMHAMIYHUX TTOKA3HUKIB pyXy MaIllMHU 3Ha-
YHO 3aJIeXaTh Bill XapaKTEPUCTUK ii pyXy MPOTSTOM PO3TOHY.

HaykoBa HoBu3Ha. BukoHaHa mocTaHOBKA ONTUMIi3aLliliHOL
3a/1a4i, Jie B SIKOCTi KPUTEPit0 OOpaHO HENMiHiIiHUIA iHTerpaJib-
HU yHKUioHA]. BecTaHoBIEHO, 110 BapialliiiHWIA Minxig He
NIO3BOJIIE OTPUMATU TOYHUI PO3B’SI30K 3amadi. st 3Haxo-
JKEHHST HaOMMDKeHUX PO3B’SI3KiB 3aJa4i OTpUMaHO IT’ITh Oa-
3UCHUX (PYHKIIIH, 110 MiCTWIM BiJIbHI apameTpu. Kpim Toro,
JUIST cMHTe3y 0a3sucHUX (DyHKIiNA OyJaM BUKOPMUCTaHI 3amaHi
KpaiioBi yMOBHM, IO IO3BOJIWJIM 3HAYHO 3HU3UTU HeOakaHi
JNMHAMIYHI MOKA3HUKKU POOOTH IIAXTHOI MiAOMHOI MallIMHU.
OtpuMaHi HaOMMKeHi (KBa3ioNTUMallbHi) PO3B’SI3KU Bapia-
LiitHO 3a1a4i TOoCimIKeHi 32 KOMIUIEKCOM €HEPreTUYHUX i 1 -
HaMIYHUX TIOKa3HUMKiB. BcraHoBieHa pallioHasbHa Oa3ucHa
(YHKILisI, 1110 € HECKJIaIHOIO Ta 3aI0BOJIbHSIE BUMOTY 10CTaT-
HBOI TOUHOCTI pO3B’SI3KY ONTUMI3aLIiifHOI 3a1a4i.

IIpakTiyna 3HaYMMicTh. OTpUMaHUil y pOOOTi ONTUMAIb-
HUM peXMM PO3rOHY IIAXTHOI MiIMOMHOI MalllMHU MOXe
OyTH pealli3oBaHMi1 3a JOITOMOI0I0 KEPOBAHOTO €JIEKTPOIIPU -
BOJLY MOCTiAHOTO 200 3MiHHOTO CTPYMY, 1110 JIa€ 3MOTY MiABU-
IIUTHU e(PEKTUBHICTb pOOOTH IIAXTHOI MiTHOMHOT MaIlIMHU 3a
E€HePreTUYHNMU i1 TMHAMIYHUMY TTOKa3HUKAMU.

KutouoBi caoBa: waxmuuil nidilom, enepeemuuna onmumi-
3auyis, peicum po3eoHy, Heainilina 3a0a4a, 6a3UcHa QYHKYISL
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Leuns. [ToBbIlIEHNE SHEPTETUYECKUX XaPAKTEPUCTUK pe-
>KMMa pa3roHa MaxTHOW MOIbeMHON MaIIMHBI PU MOIbEME
KOHEYHOTO Tpy3a 3a CUET MPOBENEHUS ONTUMU3AIUU U UC-
cJeIOBaHUsl MOJYYEHHbIX Pe3YyJIbTaTOB MO IHEPreTUYECKUM
Y TUHAMUYECKUM TTOKA3aTesIM.

Metoauka. [I7s1 BBIMOJIHEHUS ONTUMU3ALMMU Pa3roHa
LIAXTHOWM IMOABEMHON MalMHBI UCIIOJB30BAH KJIACC HEIpe-
pbIBHO-IUbGEPEeHUMPOBAHHBIX 0a3uCHBIX (GyHKUMA. OHU
BKJTIOYAJIM CBOOOIHBIE MapaMeTphl, MO KOTOPBIM ObLIa Mpo-
BeleHa MUHUMMU3ALKS 3HepreTuyeckoro kputepus. [lomy-
YEHO HECKOJbKO MPUOIMKEHHBIX PELISHUN BapUallMOHHOM
3anaun. C KUCHOJb30BAaHUEM YUCICHHOIO WHTETPUPOBAHUS
nuddepeHLIMaIbHbIX YpaBHEHUI TTPOBEACH aHaIN3 pe3yib-
TATOB MO PHEPTeTUYECKUM U IMHAMUYECKUM MTOKa3aTesIM.

Pe3yabraTel. YcTaHOBIEHO, YTO TOJyYE€HHbIE B paboTe
3aKOHOMEPHOCTH JIBUKEHUS IIAXTHOM IMOIBbEMHOMN MaIIHBI
MO3BOJISIIOT YCTPAHUTh KOJieOaHUs ee 2JeMEeHTOB (rpysa u
roryMy(dT) B KOHIIe ee pa3roHa. Kpome Toro, B TeueHme pas-
rOHa 3HAYUTEJIbHO YMEHbILAIOTCSl HEXesaTeabHble MaKCH-
MaJbHbIE IMHAMUYECKUE HATPY3KW B KaHaTe, MydTe U TIpu-
BOJIe, a TAaKXXe HabJIIonaeTcsl He3HAUUTEIbHOE YMEHBIIEHUE
HeXeJIaTeJTbHBIX CPeTHEKBAAPATUIECKUX 3HAUCHU IHEepre-
TUYECKMX M AMHAMUYECKUX IMOKa3aTesaeil paboThl moabeM-
HOI MaIlnHbL. JloKa3zaHo, 4TO YMCIIeHHbIe 3HAYSHUST IHEPTe-
TUYECKUX U TMHAMMYECKUX MoKa3aTeneil NBUXEeHUsT Mallli-
HBI 3HAUUTENBHO 3aBUCST OT XapaKTePUCTUK €€ IBIKEHUS
MPU pa3roHe.

Hayunas noBusHa. BrirmonHeHa mmocTaHOBKAa ONTUMM3a-
LIMOHHOM 3aJayu, I1e B KauecTBe KPUTEpHsl BbIOpAH Helu-
HEWHBIII MHTETPAIbHBIN (DYHKIIMOHA. YCTAaHOBJICHO, YTO
BapUaLMOHHBIN MOAXOM HE MO3BOJISIET MTOJYYUTh TOYHOE pe-
meHue 3anadn. [l HaxoXIeHUsT TIPUOTMKEHHBIX PeTIeHU
3aa4M MOJIyYeHO TSATh 0a3MCHBIX DYHKLMI, ComepKalmx
cBOOOMHBIE TapaMeTpsl. Kpome Toro, mist cuHTe3a 6a3nCHBIX
(byHKIIMIT OBLITM UCTTOJIB30BAHBI 3aJaHHbIE KPaeBbIE YCIOBUS,
KOTOPHIE TTO3BOJIVIIA 3HAYUTETLHO CHU3UTD HeXXeNlaTeIbHbIe
NMHAMUYECKUE TMoKaszaTeand paldOoThl IIAXTHOW MOABEMHOIM
MamuHbl. [lomydeHHble TPUOIKEHHbBIE (KBAa3WONTUMATb-
HbI€) pellleHUs] BapUallMOHHON 3a1auM UCCIeN0BaHbI C TMO-
MOIIIbIO KOMIUIEKCA SHEPTeTUUECKUX U TUHAMUYECKUX T0-
Kazaresjeil. YcTaHOBJeHa pallMoHajbHas OasucHas (GyHK-
LIMs1, KOTOPAs SIBJISIETCS] HECTIOXKHOM U yIOBIETBOPSIET TpeGo-
BaHUE TOCTATOYHON TOYHOCTHU PeLIEHUs] ONTUMU3ALIMOHHOM
3a1a4u.

IIpakTiyeckas 3HayuMocThb. [losyyeHHBIN B paboTe omn-
TUMaJIbHBINA PEXMM PAa3roHA IAXTHOU MOIBEMHOM MAIIIMHBI
MOXET OBbITb pealn30BaH C MOMOUIbIO YIPABJSIEMOTO 3JIeK-
TPOIIPUBO/IA MOCTOSIHHOTO WJIM MIEPEMEHHOTO TOKa, 4TO TOo-
3BOJISIET MOBBICUTH 9((MEKTUBHOCTb PAOOTHI IIAXTHOM MOIb-
€MHOI MalIWHBI TI0 YHEPTETUYECKUM U TUHAMUYECKUM T10-
KazaTeJssiM.

KuroueBsbie ciioBa: waxmmuoiii nodsem, sHepeemuyeckas on-
MUMUBAYUS, DeNCUM DA320HA, HeauHellHas 3adaua, 06a3ucHas
dyukuus

Pexomendosano 0o nybaikayii 0okm. mexH. HAYK
B. B. Iatidatiuyxom. [lama Haoxooxcents pykonucy 17.11.18.
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