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We report results of research into patterns in the progress of dy-
namic processes and into emergence of dynamic loads when a trolley
of the cable crane moves with a suspended load. These patterns could
be subsequently taken into consideration when calculating actual
cranes, in order to improve their reliability and durability, to avoid
unfavorable events during motion of a freight trolley, as well as to de-
fine parameters of cranes of the new design. The dynamics of a cable
crane is considered from the point of view of the interaction between
elements of the system “trolley-load-carrying rope”. We have im-
proved a mathematical model for the system “trolley-load-carrying
rope” by introducing three damping coefficients, each of which char-
acterizes energy dissipation under different physical processes — the
motion of a trolley, a load, and the speed of a wind load. Numerical
simulation was performed using the software package KiDyM, which
at the analytical level allows the construction of motion equations
for the systems that are described by a combination of ordinary dif-
ferential equations. We established patterns of change in the normal
and tangential inertial forces occurring during motion of the trolley
along a curvilinear trajectory. Their character and magnitude were
quantified. We determined dynamic characteristics of the system,
taking into consideration the influence of the masses of a swinging
load, a trolley, and the curvature of a rope. Emergency mode that
occurs at a break of the traction rope was investigated, as well as the
influence of wind load on the swinging of the load. We defined causes
for the emergence of the reverse speed for a freight trolley, and the
ways for its elimination. The influence of wind load on the angle of
load deviation from the vertical was examined.

Keywords: cable crane, crane trolley, carrying rope, crane dy-
namics, numerical simulation.
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A new method for calculating bending oscillations of vertical
cantilever structures with allowance for their own weight is pro-
posed. The method is based on the exact solution of the correspond-
ing partial differential oscillation equation with variable coefficients.
In the analytical form with the help of dimensionless fundamental
functions, formulas for dynamic parameters — motion, angle of rota-
tion, bending moment and shear force, which completely character-
ize the state of the rod, are written out.

In general, the frequency equation is written out and the method
for finding its roots is determined. It is shown that the problem of
determining natural frequencies can be reduced to finding the cor-
responding dimensionless coefficients from the frequency equations.
The formulas for determining mode shapes are found. The algorithm
that allows determining natural frequencies and mode shapes of can-
tilever structures with any given accuracy is described.

The algorithm is implemented on the example of a through
lattice tower. It is found that the numerical values obtained by the
author’s method coincide with the results obtained with the help
of the software system that implements the finite element method.

In comparison with approximate methods, this method al-
lows obtaining a more reliable picture of oscillations of cantilever
structures, since it is the exact solution that carries information of a
qualitative nature and forms the most complete picture of the physi-
cal phenomenon under consideration. Using explicit analytical for-
mulas, the accuracy of calculation of bending oscillation is increased.

The proposed method does not require the discretization of the
structure and is a real alternative to the use of approximate methods
when solving this class of problems of solid mechanics.

Keywords: cantilever structure, own weight, bending oscilla-
tions, oscillation frequencies, mode shapes.
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The intensification of utilization of railroad cars predetermines
the wear of their bodies as the most loaded element of design and
necessitates the introduction of new cars. To reduce the cost of
manufacturing new car designs, it is proposed to prolong the opera-
tion of universal open top wagon bodies beyond standard 1.5 opera-
tion terms.

When carrying out calculations for strength under conditions
of wagon building enterprises, the normative magnitudes of loading



are applied, which do not take into consideration possible wear in
the elements of bearing structures of open top wagon bodies under
operation. This can lead to a significant error when determining a
possibility to extend a period of operation of open top wagon bodies
that have exhausted their standard resource.

Therefore, when substantiating a possible prolongation of the

operation period of cars it is important to take into consideration, at
the stage of strength estimations, the refined magnitudes of dynamic
loads acting on them in operation.

To investigate dynamic loading acting on a open top wagon body
during an impact at shunting, which is the case of the greatest load-
ing to its structure, we employed mathematical modeling. The re-
sults of present research allowed us to conclude that the acceleration
that acts on the bearing structure of a open top wagon with the wear
characteristic of 1.5 terms of operation during an impact at shunting
is about 4g. In addition, research into dynamic loading of the bear-
ing structure of a open top wagon body during an impact at shunting
was performed using computer simulation based on the software
CosmosWorks. The research results showed that the maximum ac-
celerations of a open top wagon body make up approximately 5g.

To verify the adequacy of the developed models, we used the
Fisher criterion. Results of the calculations have shown that the
hypothesis of adequacy is not contradicted.

The research results obtained were taken into consideration when
determining strength indicators of a open top wagon body with the
wear characteristic of 1.5 terms of operation. To this end, we construct-
ed a spatial computer model of the body of a base open top wagon, mod-
el 12-757, whose bearing elements are of the thickness corresponding
to the minimally defined one. The calculation employed a method of
finite elements. Based on the performed calculations it was determined
that the maximum equivalent stresses do not exceed the permissible
ones and make up about 345 MPa, which makes it possible to draw a
conclusion about the possibility of further utilization of a railroad car.

The study conducted would help determine the feasibility of
prolongation of service operation of open top wagons that have ex-
hausted their standard resource.

Keywords: transport mechanics, freight cars, open top wagon,
operation cycle, structure strength, dynamic loading.
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Construction of an improved mathematical model of the axial
and lateral oscillations of the riser in the plane of action of the
velocity vectors of the fluid flow washing the riser was considered.
This model makes it possible to study the stress-strain state of the
riser with simultaneous impact on it from the sea and the change
in the force of tensioning its upper end. In addition, the model
specifies the force effect exerted on the riser by the washing fluid
flowing in it.

Based on the developed mathematical model, a simulation model
of operation of the “drilling ship — rope-type tensioning system of the
riser — riser” system was created in the Modelica modeling language
and a series of numerical experiments were performed at various
levels of seaways. The obtained results show that the proposed
model produces 22-40 % higher calculated values of the amplitude
of lateral oscillations and 10-25 % higher calculated values of the
bending moments in critical sections compared with the results of
the classical model of lateral oscillations. The greatest difference
between the simulation results was observed with moderate seaways.
With a growth of seaways, the difference between the two models de-
creases. Proceeding from the obtained results, it is not recommended
to neglect the effect of variation in time of the forces tensioning the
riser in applied problems of studying riser operation in conditions of
slight sea.
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A numerical method for axisymmetric adhesive contact of elastic
bodies is proposed. It allows computing the size of the contact spot,
the force of interaction as well as the contact pressure distribution
unrestricted to any particular form of the initial gap between the
bodies. Therefore, compared to the existing analytical theories,
it is a more versatile research tool that can be used to study such
phenomena as adhesive strength of conjugate bodies and stability
loss induced energy dissipation in oscillating contact. A variational
principle that can be used to construct an approximate solution is
proposed. The derived nonlinear equations of the discretized mini-
max problem determine the unknown radius of the circular contact
spot and the nodal values of the thought-for contact pressure. Un-
like other numerical methods where contact domain is updated by
subtracting or adding separate boundary elements of finite size, the
proposed approach enables gradual continuous variation of the con-
tact area. The arc-length method was implemented in the numerical
routine in order to solve for the unstable sections of the adhesive
interaction process. Besides the distance and force variables, the
increment of the contact area is included in the control for the sake
of convergence. The numerical error of the approximate method
with respect to the known analytical solutions is evaluated. Linear
convergence with mesh refinement in computed force and contact
area is observed. Extension of the proposed approach for arbitrary
three-dimensional shape of the contacting bodies is planned for the
future. This is required to study the impact of the random surface
roughness on their adhesive properties.

Keywords: adhesive contact, boundary element method, Kalk-
er’s variational principle, wavy roughness, arc-length method.

References

1. Johnson, K. L., Kendall, K., Roberts, A. D. (1971). Surface energy
and the contact of elastic solids. In Proceedings of the Royal Soci-
ety of London A: a thematical, Physical and Engineering Sciences,
324 (1558), 301-313.

2. Guduruy, P. R. (2007). Detachment of a rigid solid from an elastic
wavy surface: Theory. Journal of the Mechanics and Physics of Sol-
ids, 55 (3), 445-472. doi: 10.1016/j.jmps.2006.09.004

3. Derjaguin, B. V., Muller, V. M., Toporov, Yu. P. (1975). Effect of
contact deformations on the adhesion of particles. Journal of Col-
loid and Interface Science, 53 (2), 314-326. doi: 10.1016/0021-
9797(75)90018-1

4. Pastewka, L., Robbins, M. O. (2016). Contact area of rough spheres:
Large scale simulations and simple scaling laws. Applied Physics Let-
ters, 108 (22), 221601. doi: 10.1063,/1.4950802

5. Sauer, R. A,, Li, S. (2007). An atomic interaction-based continuum
model for adhesive contact mechanics. Finite Elements in Analysis
and Design, 43 (5), 384-396. doi: 10.1016 /j.finel.2006.11.009



20.

21.

22.

23.

24.

25.

. Sauer, R. A. (2015). A Survey of Computational Models for Ad-
hesion. The Journal of Adhesion, 92 (2), 81-120. doi: 10.1080/
00218464.2014.1003210

. Feng, J. Q. (2000). Contact behavior of spherical elastic particles:
a computational study of particle adhesion and deformations. Col-

loids and Surfaces A: Physicochemical and Engineering Aspects,
172 (1-3), 175-198. doi: 10.1016,/s0927-7757(00)00580-x

. Greenwood, J. A. (2009). Adhesion of small spheres. Philosophical

Magazine, 89 (11), 945-965. doi: 10.1080,/14786430902832765

. Medina, S., Dini, D. (2014). A numerical model for the determin-

istic analysis of adhesive rough contacts down to the nano-scale.
International Journal of Solids and Structures, 51 (14), 2620-2632.
doi: 10.1016/j.ijsolstr.2014.03.033

. Pohrt, R., Popov, V. L. (2015). Adhesive contact simulation of elastic

solids using local mesh-dependent detachment criterion in boundary
elements method. Facta Universitatis, Series: Mechanical Engineer-
ing, 13 (1), 3-10.

. Popov, V. L., Pohrt, R., Li, Q. (2017). Strength of adhesive contacts:

Influence of contact geometry and material gradients. Friction, 5 (3),
308-325. doi: 10.1007 /s40544-017-0177-3

. Papangelo, A., Hoffmann, N., Ciavarella, M. (2017). Load-separation

curves for the contact of self-affine rough surfaces. Scientific Reports,
7 (1). doi: 10.1038/s41598-017-07234-4

. Ciavarella, M., Papangelo, A. (2017). A random process asper-

ity model for adhesion between rough surfaces. Journal of Adhe-
sion Science and Technology, 31 (22), 2445-2467. doi: 10.1080/
01694243.2017.1304856

. Prokopovich, P, Starov, V. (2011). Adhesion models: From single to

multiple asperity contacts. Advances in Colloid and Interface Sci-
ence, 168 (1-2), 210-222. doi: 10.1016/j.¢is.2011.03.004

. Kalker, J. J. (1987). Variational and non-variational theory of fric-

tionless adhesive contact between elastic bodies. Wear, 119 (1),
63-76. doi: 10.1016,/0043-1648(87)90098-6

. Kesari, H,, Lew, A. J. (2011). Adhesive Frictionless Contact Between an

Elastic Isotropic Half-Space and a Rigid Axi-Symmetric Punch. Journal
of Elasticity, 106 (2), 203—224. doi: 10.1007 /s10659-011-9323-8

. Kalker, J. J. (1977). Variational Principles of Contact Elastos-

tatics. IMA Journal of Applied Mathematics, 20 (2), 199-219.
doi: 10.1093 /imamat,/20.2.199

. Johnson, K. L. (1985). Contact Mechanics. Cambridge, UK: Cam-

bridge University Press. doi: 10.1017 /cbo9781139171731

. Fuller, K. N. G, Tabor, D. (1975). The Effect of Surface Roughness

on the Adhesion of Elastic Solids. Proceedings of the Royal Society
A: Mathematical, Physical and Engineering Sciences, 345 (1642),
327-342. doi: 10.1098 /rspa.1975.0138

Briggs, G. A. D., Briscoe, B. J. (1977). The effect of surface topogra-
phy on the adhesion of elastic solids. Journal of Physics D: Applied
Physics, 10 (18), 2453-2466. doi: 10.1088,/0022-3727,/10/18,/010
Kim, H.-C., Russell, T. P. (2001). Contact of elastic solids with
rough surfaces. Journal of Polymer Science Part B: Polymer Physics,
39 (16), 1848-1854. doi: 10.1002/polb.1159

Fuller, K. N. G, Roberts, A. D. (1981). Rubber rolling on rough sur-
faces. Journal of Physics D: Applied Physics, 14 (2), 221-239. doi:
10.1088/0022-3727/14/2/015

Gudury, P. R, Bull, C. (2007). Detachment of a rigid solid from an
elastic wavy surface: Experiments. Journal of the Mechanics and
Physics of Solids, 55 (3), 473-488. doi: 10.1016/j.jmps.2006.09.007
Graveleau, M., Chevaugeon, N., Moés, N. (2015). The inequality lev-
el-set approach to handle contact: membrane case. Advanced Mod-
eling and Simulation in Engineering Sciences, 2 (1). doi: 10.1186/
$40323-015-0034-8

Martynyak, R. M., Slobodyan, B. S. (2009). Contact of elastic half
spaces in the presence of an elliptic gap filled with liquid. Materials
Science, 45 (1), 66-71. doi: 10.1007 /s11003-009-9156-9

26. Kozachok, O. P, Slobodian, B. S., Martynyak, R. M. (2017). Inter-
action of Two Elastic Bodies in the Presence of Periodically Lo-
cated Gaps Filled with a Real Gas. Journal of Mathematical Sciences,
222 (2), 131-142. doi: 10.1007 /s10958-017-3287-6

DOI: 10.15587,/1729-4061.2018.130996
SUBSTANTIATION OF ADEQUACY OF LOADING
CONDITIONS AT BENCH AND FIELD TESTS OF
CONSTRUCTION MACHINES (p. 41-52)

Leonid Pelevin

Kyiv National University of Construction and Architecture,
Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-4010-8556

Anatoliy Fomin

Kyiv National University of Construction and Architecture,
Kyiv, Ukraine

ORCID: http://orcid.org /0000-0002-5990-4384

Ievgenii Gorbatyuk

Kyiv National University of Construction and Architecture,
Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-8148-5323

Grigory Machishin

Kyiv National University of Construction and Architecture,
Kyiv, Ukraine

ORCID: http://orcid.org/0000-0002-8230-0060

Loading conditions for construction machines at bench tests
were substantiated. Adequacy of loading conditions at bench tests
and of the loads acting on construction machines in actual operating
conditions was substantiated.

When releasing each machine from the manufacturer’s enter-
prise, it is subjected to tests. Most often, these tests are carried out
on specially equipped test sites. Their use requires large financial and
time inputs: delivery of the machine, washing and cleaning from dirt
after testing, fee to operators. More accurate results are obtained
with bench tests at operational loading conditions. Shortening of
such test duration is achieved by reducing the work interruptions
and improving the shift planning. Except tests for permanent load-
ing, it is expedient to test construction machines and their work
elements for impact loads.

This study has established necessity of adherence to the following
test conditions: the assembly under study should not approach reso-
nance; the effect of frequencies of the repeated variable loading on the
fatigue destruction process should be insignificant. Compliance with
these conditions makes it possible to use the mathematical apparatus
given in the paper for calculation of endurance at various loading
parameters and simulation of various machine operation conditions.

The procedure developed in this work makes it possible to
save not only time and money. In manufacture, it shortens design
of construction machines and ensures identification of assemblies
that reduce reliability or require longer life. This results in a smaller
metal consumption or improved quality of the machine. In the mass
production, it enables conduction of periodic accelerated qualitative
tests of the machine, determination of modernization efficiency, cre-
ation of new designs of the bench for testing construction machines.
In the process of machine operation, it helps to reduce loads on the
machine structures and improve reliability and durability.

Keywords: accelerated bench tests, random loads, hypothesis of
spectral summation, chassis.
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We have proposed techniques using which made it possible to

solve a nonlinear algebraic Riccati equation for dynamic systems
with 7 degrees of freedom. A constraint was imposed on the struc-
ture of a designed railroad carriage. We employed, as an analogue,
a symmetrical carriage whose suspension system contains elastic-



dissipative links with linear characteristics. This allowed us to devise
a procedure for designing a suspension system for a railroad carriage.
The criterion when choosing the weight coefficients of quality was
the requirement to ensure comfortable conditions for passengers

and a locomotive crew. Therefore, the system must experience an
oscillatory process with small amplitudes; the frequency of natural
oscillations of the body should not exceed 2 Hz. We have performed
decomposition of the dynamic programming method for continuous
stochastic systems, which made it possible to develop a procedure
for a phased suspension system design. The procedure is suitable for
use when designing suspensions for carriages running at regular and
high-speed speed. The first stage implies designing a passive suspen-
sion system. The second stage involves a validation of the feasibility
of designing devices to control parameters of the elastic-dissipative
links in a suspension system of transport carriages using the optimal
Kalman-Bucy filters. The modeling proved that control over param-
eters of elastic-dissipative links improves the dynamics of transport
carriages. Damping control alone could reduce the body’s center
of mass acceleration by more than two times and hence decrease
dynamic loads in the system. The Kalman-Bucy algorithm makes it
possible to obtain optimal parameters of the elastic-dissipative links
in a suspension system in complex dynamic systems. The procedure
could be used independently and as part of the technique for a phased
design of the suspension system. The procedure was demonstrated
using test examples. The procedure is implemented in the simulation
system. Control over parameters of the elastic-dissipative links in
a suspension system of transport carriages would make it possible,
first, to create comfortable working conditions for a locomotive crew
and passengers, second, to improve operation reliability and motion
safety of rolling stock by reducing dynamic loads.

Keywords: Kalman-Bucy filter, transport carriage, control over
parameters of elastic-dissipative links, complex dynamic systems.
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The determination of the total resistance to penetration of the
annular drill into the soil is based on the concept of changing the
elastic state of the soil during its compaction, which is defined by the
compression modulus of soil deformation. This parameter comprises
all the physical and mechanical properties of each type of soil and
makes it possible to specify the laws of the normal pressure of pen-
etration resistance acting on the surface of the conical and cylindri-
cal parts of the working body.

The proposed theoretical models of processes occurring during
penetration of the annular drill into the soil gives an opportunity to
determine the influence of the parameters on the resistance force for
each working procedure, depending on the physical and mechanical
properties of the soil. It has been found that the maximum length of
the annular drill is determined for the conditions of soil movement
(unplugged condition), which, for example, with a cylinder diameter
of 28 mm, is 0.87 m, 1.04 m and 1.16 m respectively for sandy clay,
semi-solid loam and tough clay. It is now clear that a 2-fold increase
in the internal diameter leads to an increase in the core length of
1.75 times.

Tt has been determined that the two-cone drill does not facilitate
passage of soil through itself and it causes soil plugging as well as for-
mation of soil plugs on the frontal planes, which leads to an increase
in drag force. Therefore, to provide unplugged conditions during
pipe jacking, the drill with a single external cone should be used.

The obtained results of the work can be used to substantiate the
rational parameters of the working equipment for creating a horizon-
tal borehole in different types of soils.

Keywords: analytical model, trenchless technology, engineering
communications, horizontal borehole, punching technology.
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We have studied patterns in the change and balancing of aerody-
namic imbalance of the impeller for the axial fan of type VO-06-300
(Ukraine).

We have found the aerodynamic imbalance of the impeller
caused by mounting one blade:

— at a different angle of attack;

— with a violation in the step uniformity;

— not perpendicularly to the longitudinal axis of the impeller;

— with all three of the above-mentioned errors present at once.

We have estimated a change in the aerodynamic imbalance due
to change in air density. We estimated the influence of air tempera-
ture, altitude above sea level, atmospheric pressure, on air density
and aerodynamic imbalance.

It was established that a different angle of attack and a violation
of the perpendicularity give rise to the dynamic imbalance in which



the moment component is an order of magnitude larger than the
static component. A violation of the step uniformity gives rise only to
the static component, which is in the plane of the impeller.

Among the errors considered, the most undesirable one relates
to mounting a blade at a different angle of attack. At such an error,
aerodynamic imbalance is 6-8 times larger than that due to other
errors. A +4-degree change in the angle of attack of a single blade in
the impeller can degrade the accuracy of balancing of the impeller
to the accuracy class G 6.3 at a frequency of 1,500 rpm, or G 16 — at
3,000 rpm.

It was established that the ordinary and aerodynamic imbal-
ances can be balanced at the same time. It is appropriate to carry out
dynamic balancing in two correction planes. It is possible to conduct
balancing by rotor mass correction or using passive auto-balancers.

A specific example is used to demonstrate the procedure for
taking into consideration the acrodynamic imbalance in differential
equations of motion of the axial fan. In accordance with the pro-
cedure, the aerodynamic imbalance components are added to the
respective components of the ordinary imbalance.

The results obtained are applicable when designing and manu-
facturing low-pressure axial fans. Employing them would improve
vibration characteristics of the specified fans.

Keywords: axial fan, aerodynamic forces, acrodynamic imbal-
ance, dynamic balancing, auto-balancer, auto-balancing.
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