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PREFACE

It’s my pleasure to introduce the “2nd International Conference on Mathematical Modelling in
Mechanics and Engineering”, organized by the Mathematical Institute of the Serbian Academy of
Sciences and Arts and co-organized by the Faculty of Mechanical Engineering, University of Belgrade;
the Faculty of Mechanical and Civil Engineering in Kraljevo, University of Kragujevac; and the
Scientific Society for Engineering Design, Simulations and Innovations. The conference will be held in
the hybrid form at the Mathematical Institute of the Serbian Academy of Sciences and Arts, Belgrade,
Serbia, from the 12th to the 14th of September 2024.

This conference is planned as the second event in the series of conferences, which is planned to be
held every two years and bring together leading academic scientists, researchers, and research scholars
to exchange and share experience and research results on various aspects of mathematical modelling in
mechanics and engineering. It will keep an interdisciplinary platform for researchers, practitioners and
educators to present and discuss the most recent innovations, theories, and algorithms, as well as
practical challenges encountered and solutions adopted in the fields of Classical Mechanics, Solid and
Fluid Mechanics, Computational Mechanics, Biomechanics, Applied Mathematics and Physics,
Structural Mechanics and Engineering. A considerable number of prominent scientists and professors
submitted their abstracts and confirmed their attendance at the conference. The scientists and
researchers from different countries in Europe and the world (Netherlands, Greece, Spain, Russia, USA,
China, Kazakhstan, Italy, India, Malaysia, Slovenia, Bulgaria, Algeria etc.) also have confirmed
participation at the conference. The conference presentations will cover development of analytical and
numerical methods for effective simulations of different complex problems in mechanical engineering
based on multiscale problems, from nano to macro-scales, analytical/numerical and data driven
solutions to study complex media, composite aerospace and periodic structures and metamaterials, and
capture essential features of linear and nonlinear dynamics that can lead to new designs of such systems.
Some presentations will include new experimental setups to study engineering materials and novel
control strategies based on classical or fractional derivative models used to control the dynamics of
multibody, flexible and/or electromechanical systems. Finally, I believe that the sessions’ discussions
will have high potential to give significant contributions to the development of new and advanced
mathematical models of real-world engineering mechanical systems.

On behalf of the Organizing Committee, | am very proud to announce that the number of accepted
contributions to be presented at this Conference is 127, with 7 plenary and 7 invited lecture
presentations. We would like to express our gratitude to the institutions that support the conference
financially: The Ministry of Science, Technological Development and Innovation, Republic of Serbia;
METALFER STEEL MILL, Serbia; SHIMADZU, Serbia; eCon Engineering Kft, Hungary; SVECOM,
Beograd, Serbia; "PROJEKTINZENJERING TIM", Ni§, Serbia; AMING PROJEKT, Knjazevac,
Serbia; BREGAVA, Beograd, Serbia. We are especially grateful to the members of the International
Scientific Committee who contributed to this international scientific meeting with their advices and
abstracts’ reviews. We also thank the support of the co-organizers of this Conference.

I would also like to express special gratitude to the Department of Technical Sciences SANU, the
Scientific Board of the Mathematical Institute of the Serbian Academy of Sciences and Arts, and the
family of Academician Prof. Dr. Vladan Djordjevic for their support in organizing the Special session
within this conference dedicated to the memory of Academician Prof. Dr. Vladan Djordjevic and
establish the “Prof. Vladan Djordjevic” award for young scientists aged up to 35 contributing in the
field of fluid mechanics.

I hope that this conference will be successful, at least as the first in this series of international
conferences. I wish all participants a successful presentation of their scientific results.

Cordially,

Ivana Atanasovska, Conference Chair
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NON-LOCAL ONE DIMENSIONAL ELASTICITY WITH GENERAL
FRACTIONAL DERIVATIVES OF RIESZ TYPE

Teodor Atanackovic1
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tatanackovic@uns.ac.rs
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ABSTRACT

We analyze, spatially one dimensional, non-local elastic body with deformation
measure given in the form of General fractional derivative of Riesz type with truncated

power-law kernel. It is assumed that stress at the point X and time t depends on the

strain at X and time t and weighted strain at point ¢ at time ¢ —Ix—fl, where C is a

constant having dimension of time. Several special linear constitutive equations follow
form one that we propose. We formulate equation of motion for such a body and show
the influence of the parameter ¢ on the solution for special type of boundary and initial
conditions.
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ROTOR AND FLYWHEELS
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ABSTRACT

A mechanical system with a variable internal configuration is considered. The system is a
capsule robot containing flywheels and an unbalanced rotor. The robot body rests on a rough
plane at two or three points. The movement of the robot body along the support plane occurs
due to the controlled rotation of the internal unbalanced rotor and flywheels, as well as due to
dry friction at the support points.

A mathematical model of the system was constructed. The fundamental possibility of
controlling the unbalanced rotor is shown, the result of which is the robot jumping and its
displacement in the longitudinal direction. The movement of the imbalance is divided into two
types of stages: the acceleration stage and the “jump” stage.

With the selected control algorithm, the unbalanced rotor implements a controlled change
in the support reactions, and the rotation of the flywheels allows you to maintain the orientation
of the body.

With an arbitrary arrangement of internal rotating elements inside the robot body, the value
of the control angular acceleration of the flywheels can be large. A robot configuration has
been proposed that makes it possible to significantly reduce the magnitude of angular
accelerations during the implementation of the control algorithm.

REFERENCES
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ABSTRACT

Structural elements and multiple devices are very often subjected to coupled external
influences, i.e. bodies are subjected to the action of conjugate fields.. The current work aims to
show the complex phenomena that induce coupled fields in dynamically loaded structures.
Three different problems will be considered and mathematical description and numerical
examples will be presented for each of them.

The first case of coupled fields that will be presented is the problems of thermoelastic
oscillations of structures, and the cases of structures with elevated temperature or structures
subjected to heat flows will be considered. At the second case full coupling of the elastic and
thermal fields will be investigated - the influence of temperature on the dynamic mechanical
fields, as well as the influence of mechanical deformations/stresses on the propagation of the
temperature (see [1]-[3]).

The second case of coupled interactions that will be presented is the interaction of electric
and elastic fields. Here, the goal is to extract energy from external influences - mechanical
vibrations - through the piezoelectric properties of materials. An example of energy harvesting
device will be presented and the influence of the different parameters of geometry and
placement of the PZT on the amount of the collected electrical energy will be shown. (4], [5].

The interaction of rarefied gas flows with elastic structures is the third coupled phenomenon
which is studied in this work. A hybrid approach based on DSMC method and finite difference
method is used to study the interaction of gas with a cantilever in a micro-channel. Special
case for vortex-induced vibration is studied in details. The application of the developed method
in micro-electronics and energy harvesting devices is presented. [6]-[8].
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ABSTRACT

This research work presents a methodology for the determination of the required manufacturing
accuracy of custom, high-pressure angle gears. The gears examined throughout the present work are
constructed using involute segments beyond the 25-degree limit specified in the [ISO/TC 60/SC 2
and custom root fillet geometries produced with the employment of 4™ order Bezier curves. Due to
the existence of extensive undercuts in the root region, production of these geometries cannot be
practically achieved by conventional machining, e.g. hobbing; therefore, production methods such
as additive manufacturing or powder metallurgy are required.

The root geometry incorporating the 4™ order Bezier curves is optimized and described in closed
form in terms of the coordinates of the control points. In the context of this study finite element
analyses are performed to determine the sensitivity of strength (maximum principal stresses) and
functional characteristics (static transmission error - STE) on the surface profile deviations focusing
on the root area. Tolerancing of the tooth profile is performed as per ISO 1660:2014, by specifying
an unequally disposed tolerance zone with an offset that takes into account the maximum material
condition of the theoretically exact feature (TEF) in order to avoid interference at zero backlash
nominal tooth geometries and considering nominal center distances. The surface profile tolerance
values are calculated using appropriate thresholds for the strength and STE values and can be used
as design guidelines for both the production and quality inspection of the gear geometries presented
herein. The presented methodology can be applied to any gear pair regardless of the root or flank
geometry used.
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ABSTRACT

In this presentation, we provide a comprehensive overview of our recent research activities
dealing with combined experimental and numerical studies dealing with the advanced
mathematical modeling of parts of the cardiovascular (blood flow) and respiratory (airflow)
systems in the human body, [1]. We focus on some important challenges and recent achievements
in bio-medical engineering associated with underlying multi-scale multi-physics-based transport
phenomena (transport of mass, momentum, energy, species, particles, cells, aerosols, medical
drugs) and their role in the formation, progression, and efficient treatment of various health
conditions and diseases. These include heart failure, thoracic aorta aneurysm, asthma, lung cancer,
respiratory infections, virus transmission, etc.

First, we provide fundamental transport equations (PDEs) based on the conservative laws of
mass, momentum, energy, and species, which can be numerically solved. Second, we show details
of the developed numerical algorithms based on the fully conservative finite-volume method
(FVM) validated against various experimental studies. Third, a comparison with available
experimental studies is performed. The experimental studies include our own 4D PIV/PTV
(particle image velocimetry/particle tracking velocimetry) measurements, as well as state-of-the-
art ultrasound (US) and magnetic imaging resonance (MRI) techniques used in clinical practice.

We will address the following cases: (i) heart failure — analysis of the blood flow patterns in
the left ventricle (left heart chamber), where our measurements will be compared with our recently
developed CFD simulations that included movement of the left ventricle synchronized with
movement of biological mitral and aortic valves (both based on numerically efficient and accurate
Radial-Basis Function (RBF) approach), [1-7]; (ii) blood flow and mass transfer in thoracic aorta
— where a conjugate mass transfer of the oxygen (O2) and nitrogen oxide (NO) across the blood
vessel interface is simulated for the healthy control and patient-specific groups, [8,9]; (iii) airflow
and aerosol transport in the upper and central human airways for the patient-specific geometry,
where CFD will be compared with MRI experiments, [1,10]; and finally, (iv) expiratory multi-
phase airflow with virus-laden droplets under various surrounding environmental conditions (large
eddy simulations, LES) for better understanding of airborne transmission of infectious diseases,

[11].
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ABSTRACT

Deformation of layered composites, coatings, drying fruits, biological tissues [1], etc., can
be physically described with a relatively simple model of a film that is attached on a soft
substrate. Such system releases a part of its strain energy through localized deformation in the
form of periodic deformation (wrinkling), which is a result of symmetry breaking,
characterized by a pitchfork bifurcation. With the use of the linear bifurcation analysis we can
effectively analyze the onset of super-critical bifurcation. However, further deformation
evolution is difficult to study, as the strain energy landscape becomes increasingly more non-
convex due to the nonlinearity, originating not only from the material nonlinearities (e.g. the
substrate) but also from the geometric nonlinearities (membrane strain energy), [2]. This is
especially true for the sub-critical bifurcation wrinkling, where the bifurcation point intensely
depends on the imperfections and nonlinear nature of the problem, [3]. Due to the nonlinearity
and extreme imperfection sensitivity, which results in an undulating non-convex energy
landscape, rich in energy barriers and secondary bifurcations, numerical and experimental
investigation is remarkably hard.

In this study a theory for the simplest possible case of wrinkling of an elastic film on a planar
substrate is presented. This model can used to study the energy landscape of super- and sub-
critical bifurcation wrinkling. The theory that builds upon the reduction of dimensionality
matches well with the numerical simulations and experiments. To analyze the post-bifurcation
energy landscape of wrinkling a relatively simple system of an elastic film on a nonlinear
elastic half-space is considered. The film is modeled using large deflection Euler-Bernoulli
beam theory, where we additionally consider compressibility of the film. The effect of the
nonlinear substrate on the beam is considered through the normal pressure onto the beam, while
the shear stresses due to the substrate are neglected. The equilibrium equations take the form

where @is the rotation of the beam and prime denotes differentiation with respect to the arc-
length s of the beam. Additionally, D, C, s, &, are the bending stiffness, membrane stiffness of
the film, linear shear modulus of the substrate and the longitudinal growth of the beam,
respectively. The nonlinearities are characterized by the coefficients o and S, which control
the nonlinearities that

can be un-symmetric and symmetric in compression and tension. The system is solved
numerically using spectral methods. The influential terms in the potential energy per unit length
of the film
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are identified. They may induce strain stiffening or strain softening that creates an energy
barrier between deformation modes or a valley in energy landscape that promotes localization
of deformations, respectively (see Figs. 1 and 2).

Figure 1. Energy landscape with respect to n number of half-wrinkles changes for strain
stiffening/softening substrate.

It is shown that the nonlinearities from the membrane strain energy and the substrate
critically affect the degree of stability of locally stable solutions, the energy barriers between

them, control a secondary loss of stability and promote uni-modal periodical or localized
deformation patterns.

Figure 2. Numerical predictions and experiments exhibiting uni-modal and localized wrinkling
patterns.
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ABSTRACT

Recently, there has been a rapid increase in computational complexity and massive data
processing requirements, mainly due to the surge in artificial intelligence (AI) algorithms.
Besides the increased need for better hardware to handle these immense computational
requirements, reducing energy consumption becomes inevitable to continue improving such
fields at a reasonable cost and minimize the environmental impact of power production related
to this advancement. Today's general-purpose processors struggle to obtain the required
performance mainly due to the inability to utilize all the chip cores together at their maximum
speeds due to the thermal limitations and the upper limit of the number of cores utilizable by
most applications [1]. Hence, higher is need for specialized hardware to tackle these
requirements as efficiently as possible. In other words, hardware development capable of
reaching the maximum possible performance per watt is critically required, especially for high-
performance computation (HPC) applications.

Hardware accelerators have gained increased importance due to their ability to handle
complex tasks at higher performance and much more efficient energy consumption than
general-purpose processors. By relaxing the general-purpose requirements, hardware
accelerators allow finer control and optimization of the hardware resources, power
consumption, and performance. Graphical Processing Units (GPUs), Application Specific
Integrated Circuits (ASICs), and Field Programmable Gate Arrays (FPGAs) are the most
common hardware acceleration platforms [2].

Various applications utilized hardware accelerators to improve speed, area utilization, and
thermal and power performance. Fractional calculus, an extension of classical calculus that
enables modeling systems with memory effects and non-local behavior, employs hardware
accelerators due to the complex and iterative nature of the numerical solvers of fractional order
differential equations, especially systems with complex orders and systems with function in
time orders. Through parallel processing and pipelining, hardware accelerators improve the
speed and accuracy at the same energy consumption of differential equations computations.
This enhances fractional calculus usage in modeling nonlinear physical systems and aids their
employment in designing robust control systems. Furthermore, Accelerators enabled real-time
calculations of such complex equations, which allowed the utilization of their results in time-
critical applications such as encryption.

Hardware accelerators are also critical in the training and inference of deep learning models.
Accelerators are employed to handle the complexity imposed by the increased depth of neural
networks, the volume of parameters, data size, real-time computing requirements, and energy
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consumption [3]. By leveraging parallel processing and Al-specialized circuitry, Hardware
accelerators hugely increase the performance gain per consumed energy, enabling rapid
advancement in Al capabilities.

This abstract highlights the growing importance of hardware accelerators in HPC
applications. By developing specialized hardware solutions for complex mathematical
operations, the maximum performance of various algorithms in several areas, such as fractional
calculus, nonlinear systems, and Al. Furthermore, these specialized circuits minimize energy
consumption per operation and enable optimal resource utilization, taking advantage of the
device's control capabilities.
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ABSTRACT

Circulatory system of the human body is one of the major and important physiological
systems where blood is flowing throughout the body due to the natural pumping mechanism
i.e. heart pump. Blood is having plasma, red blood cells, white blood cells, platelets, and also
having many functions like transporting oxygen and nutrients to the lungs and tissues and
forming blood clots to prevent excess blood loss. Moreover, blood borne viruses like HIB,
HBV, HCB, Covid, etc. are infecting the blood, blood vessels and other parts of the body which
further cause the various diseases in the circulatory system. Modeling and simulation of blood
flow in circulatory system and tracing the trajectories for the virus spread through blood flow
are very complex, however such analysis could be done by using the CFD tools and
mathematical approaches under some circumstances. This talk will aim to provide the
parametric analysis to examine the effects of various key parameters on the blood flow and
viruses movement. This talk will cover the formulation of the blood flow and motion of the
viruses through blood flow and their analytical solution under the suitable assumption of low
Reynolds number flow. Using BBO equation, velocity and trajectories of viruses are simulated.
This talk will also discuss the limitation of the model and future scope in the field of biofluid
dynamics, and relate to the emerging technologies in health care.
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ABSTRACT

Design of artificial materials with unique properties using structural elements of a relatively
small or mesoscale size is a fast-growing field motivating different directions of
interdisciplinary studies [1]. A particular interest to soft cellular metamaterials is due to the
developing 3D printing technology shortening the path from design to fabrication. Mechanical
metamaterials are typically designed to provide acoustic and elastic wave guiding features, and
the ability to mitigate excessive loads by redirecting the energy flows. Transitions between
different forms of energy is expected to be at frontlines of the academic research, and the
industrial R&D due to the developing economic and environmental challenges. Thus, the main
objective of the present work is to explore and advance new physical principles of the energy
absorption from different forms of environmental disturbances, such as acoustical noise,
mechanical impulsive and oscillating loads. The proposed approach emerges from our recent
study, which revealed that arrays of oscillating soft-walled cells, if shaped as chaotic billiards,
can accelerate their light inclusions through E. Fermi mechanism explaining the acceleration
of cosmic particles by eclectromagnetic waves. The billiard effect appeared to provide
thermodynamic energy outflows from global wave modes into inclusions even if each cell has
just one inclusion [2]. Our core observation is that the local geometry of cells appeared to have
a crucial effect on the global structural dynamics. The important conclusion is that the
chaotization of wave itself does not guarantee the energy outflow into inclusions. Whereas the
chaoticity of wave shapes is caused by the loss of structural translational symmetry due to
impulsive interactions of cells with inclusions, the energy absorption is the result of inclusion’
gradual acceleration of inclusions, which is associated with local geometrical specifics of cell
boundaries.
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ABSTRACT

The inherent complexity of multiphase flows has attracted the interest of hundreds of
physicists and engineers [1]. Indeed, the dynamics of these flows strongly depends on the
structuration of the different phases, giving rise to the so-called multiphase flow-regimes.
Every flow regime has its own characteristics and particularities, involving the interaction
between the multiple phases across the interfaces, the turbulence for each phase, and the mutual
induction of turbulence. The complexity increases when mass/energy transfer takes place
across the interphases as well.

This phenomenology provides a powerful tool that can be used for a wide range of industrial
applications. Nuclear reactors provide energy thanks to the evaporation of water. At the same
time, the water serves for the refrigeration of the nuclear rods and the vapor is a dangerous
enemy that can lead to important accidents [1].

Wastewater treatment industry relies on processes that take place thanks to microorganisms
that tend to group in flocs [2]. These microorganisms need oxygen which is supplied by
aeration systems to remove pollutants from water. [3,4]. Moreover, the tertiary treatment can
be performed thanks to the aggregation and settling of particles (flocculation tanks) and then,
by applying UV irradiation to pathogenic microorganisms that tend to hide behind dissolved
solid particles.

The extraction of petroleum implies the co-existence of liquid (crude oil), solid particles
(dragged sand from the seafloor) and the gas that appears as the liquid ascends and loses
pressure.

Indeed, the list of industrial applications is huge and has evolved from the classical
applications in 20™ century (design of boilers, mixers, reactors,...) to modern studies in the 21
century (pollutant dispersion, COVID propagation, preemption of algae blooms).

Of course, the path from the academic knowledge to the industrial applications is plenty of
drawbacks and is still under development. In this work, the authors will present the most
relevant developments in the field of multiphase flow characterization and modeling. The
developments focus mainly in the so-called dispersed flows, but it also has addressed separated
flows.

From the point of view of multiphase flow characterization, the use of ultrasound
velocimetry (continuous phases) and needle-probe measurements (dispersed phases) have
demonstrated a superior performance in industrial environments where dispersed flows play a
central role. These flows are composed by a main phase with some components of the
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secondary phase dispersed as ‘particles’. Techniques for the characterization of continuous
phases, as Particle Image Velocimetry, Laser Doppler Anemometry or hot-wire anemometry,
are very complex to implement. The two first are strongly limited when liquid is highly
absorbing and for high concentration of particles. The hot-wires tend to break when the
particles collide against them and stop working when dissolved solids clog them. The authors
provide measurements for the 3D flow characterization of aerobic reactors using ultrasound
velocimetry.

The characterization of the dispersed phase is also a cumbersome task. Optical imaging
techniques fail again whenever the liquid absorption or the particle concentration are high. The
use of conductivity probes is also strongly limited solid particles may clog them. The authors
show a novel development based on conductance probes for their application in adverse
conditions [5].

a) b)
Figure 1: Characterization of multiphase flows, a) ultrasound velocimetry, b) conductance probes.

From the point of view of the modelling, Eulerian-Eulerian CFD simulations have provided
very interesting results [6]. The authors will introduce the models for the simulation of
industrial dispersed flows, usually involving mass transfer and radiation. A baseline model for
the Eulerian simulation of multiphase flows will be introduced, with a proper set of submodels
for interfacial forces, turbulence induction and population balance (coalescence and break-up)
[4,6,7].
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ABSTRACT

The use of unconventional fibers has always attracted some attention. However, there are
quite some reasons to prefer glass and carbon as usual reinforcement. Besides cost and
availability, the mechanical properties might not be up to par with those of other choices.

This study is meant to investigate the behavior of basalt reinforced composites (BFR) under
the action of low-velocity impacts. Basalt was chosen since it offers mechanical properties
comparable to those of carbon and glass, although it is a mineral fiber, often assimilated to a
‘natural fiber’. On the other side low-velocity impacts (LVI) was chosen since they possibly
represent the dynamic loads of most common interest in everyday life.

This research is not the first to investigate these properties, but the aim is to challenge the
issue under a somewhat different angle: predict the behavior of the ‘aged’ material because of
salt water and temperature, starting from the knowledge of the initial properties, and modifying
the parameters of numerical models.

It was considered as reinforcement a balanced plain weave basalt fiber fabric with a density
of 350 g/m* and moisture <3% (BASALTEX®, BAS 350.1500). Type and sizing of the fibers
also provide a good compatibility with a range of thermoset resin systems. Here it was used a
commercial vinyl ester resin (DISTITRON® VEef 220 STZ) with a low styrene content and
emission (<35%): this material match ensures the production of a highly sustainable composite
material.

The BFR laminates were manufactured by manual lay-up, stacking 8 layers of basalt fabric.
Following the indications of the resin’s datasheet, polymerization was achieved by placing the
laminates in the autoclave for 24 hours at 23°C and then 3 hours at 100°C. After hardening, the
laminates had a thick- ness of 3.95 mm with a 49% volume fraction of reinforcement.
Specimens were obtained from the laminates using a diamond blade and some of them were
subjected to an accelerated aging process by means of immersion in 35 ppt salt water at 80°C
for 912 hours (38 days). Duration and temperature were chosen in agreement with similar
experiments that showed how water absorption and degradation of properties decrease
significantly after 30 days. Water absorption was monitored by means of weight measurements,
showing a variation less than 0.70%.

Impact tests were performed on 150x100 mm rectangular specimens in compliance with the
ASTM D7136 regulations. A drop-weight tower was used with a 1.25 kg, hemispherical-tip
impactor. The dynamic response was evaluated by means of the trend of contact force and
displacement against time. The impactor was released from a height of 2.5 m, corresponding
to a theoretical impact energy of 30.65 J and a measured energy of 24.7 J. This height was
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chosen to prevent the perforation of the sample. This scenario allows the experimenter to study
the combination of the various damage mechanisms, observed by means of scanning electron
microscopy (SEM) of the fracture surface, performed with a Zeiss EVO 50 EP SEM.

The measurements performed on the non-aged specimens were used to develop a numerical
model aimed at accurately predicting the effect of LVIs on non-aged BFRPPs [1]. Then the
measurements on aged samples were used to understand how the model parameters are altered
by aging [2].

The aim of the numerical study was simulating the experimental conditions, using LS
DYNA to perform an explicit dynamic simulation (Fig.1). Shell-type finite elements for the
laminate and solid-type ones for the striker was combined. The stratification of the composite
was considered by means of a “stacked-shell”” approach reproducing the 8-layer laminate in the
form of 4 stacked shells, including two integration points each: in this way very, accurate
results were obtained together with a high computational efficiency. Each of the 4 laminate
layers was simulated by 19.148 Belytschko Tsai quadrilateral shell elements. It was chosen the
“linear orthotropic Chang-Chang” failure criterion as it offers an excellent overall precision by
combining the interaction of four different failure mechanisms, i.e. tensile or compression
failure in either matrix or fibers.

Figure 1: Details of the numerical model: a) impact geometry; b) 4 layers; c) impactor; d)
fixing zone.

As a material model of the composite, MAT54 was selected. This advanced model considers
a linear orthotropic elastic response in the layer up to failure and a decrease of the longitudinal
compression strength of each layer in the case of a failure of the transverse matrix. As in similar
cases, several input parameters are required to completely characterize MAT54 with respect to
phenomena like erosion, plasticization, and progressive damage. The accuracy of the model
prediction is certainly strongly correlated to the value of these parameters, which often do not
represent observable physical quantities but rather mathematical concepts and therefore are not
measurable in an experiment. These include, for instance, the size of the element, the definition
of the contact, the plasticization parameter of the crush front and so on. Consequently, to obtain
good results from the simulations one needs a significant effort to calibrate these parameters
by trial and error. This research considered all the most important parameters, such as ALPH,
BETA, SOFT, FBRT and YCFAC:

* ALPH weighs the nonlinear shear stress in the plane to determine the shear deformation
of the laminate in the elastic regime.

* BETA considers the importance of shear in the tensile failure modes of both fibers and
matrix within the Chang-Chang failure criterion.

* SOFT is a generic parameter that considers the progressive decrease of tensile and
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compression strength of elements in the crush front after each numerical iteration.

* FBRT and YCFAC like SOFT in nature. The first parameters reduce the fiber tensile
strength only, while the second one reduces the fiber compression resistance.

It is important to notice that since each of these parameters represents a specific mechanism
of absorption of the impact energy, they all influence each other. For instance, if shear were
more important of LVI failure, BETA should be closer to 1 and more energy would be absorbed
by shear instead of other mechanisms such as tensile and compression failure of the matrix
(which can increase the final value of SOFT, consequently).

The impactor was simplified as a sphere weighing 1.25 kg, modelled as a rigid body
(MAT _20), with a 2-mm mesh, refined to 1 mm in the contact area. The impactor laminate
contact condition was simulated using the contact algorithm based on the
AUTOMATIC SURFACE TO SURFACE penalty. In addition to the in-plane tensile
stresses considered in the failure criterion adopted here, the out-of-plane tensile stresses can be
simulated accurately by means of the TIEBREAK inter-ply contact definition, which takes into
account non only compression but also tensile failure during contact, thus reproducing the
delamination process. Therefore, the contact definition
CONTACT AUTOMATIC ONE WAY SURFACE TO SURFACE TIEBREAK was
used for the ply-to-ply contact. Edge and clamping system effects were considered by means
of suitable constraint and contact conditions.

In the case of the aged BFRP, the results used to calibrate the model parameters are extracted
from three impact tests (fig.2). Specifically, it was compared the experimental and simulated
trends in the three different stages by which the impact can be described, i.e. loading (1),
unloading (II) and relaxation (III) (fig.3).

"o ! 3 ) ‘ D
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Figure 2: Experimental results: a) force vs time; b) force vs displacement.
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This comparison was performed through a total of 11 reference values, related to a set of
forces, times, deformations, elastic recovery, linear momenta, and absorbed energies. An in-
depth analysis of the results, with a detailed explanation of how the model parameters change,
is beyond the scope of this article, but can be found in reference papers [1, 2]. Summarizing,
we can say that the force vs time curve reconstructed by means of simulation and calibration
of the parameters is a very accurate reproduction of the experiment, with discrepancies always
<12%, and even <4% for some fundamental properties such as maximum displacement and
time needed to reach it. This predictive precision for the behavior of an aged composite is
exceptional itself, and more so if we consider that it was obtained using as a basis the features
of the non-aged material. Indeed, it is important to remind the reader that the behavior of aged
specimens was used ‘only’ to calibrate the internal parameters of the model (MATS54 with the
linear-orthotropic Chang-Chang criterion), while the model itself was set upon the properties
of the non-aged material. In this regard, observing the variation of these parameters it is
apparent that aging does not alter all of them (just 3 of the 5 parameters), which is a good basis
to make further considerations about the general range of applicability of the procedure.
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Figure 3: Principal area of interest for the model calibration

The precision shown in the simulation represents a result of great practical importance.
Indeed, several studies already confirmed how basalt fibers can significantly affect water
absorption by the polymer matrix. This occurs thanks to the rather tight interface bonds that
reduce the accumulation of water inside the interface voids, thus preventing the access of water
and the following degradation of the mate- rial properties. It is then obvious how important it
is to know the behavior of basalt with respect to environmental aging phenomena.

This study paves the way to the proposal of a numerical model that can predict the response
of thermosetting basalt laminates to LVIs after high temperature and moisture-induced aging.
It is based on the correlation of information and hypotheses obtained from similar works,
performed on comparable materials, and loading conditions, filtered through a correct
calibration procedure of the main parameters of the constitutive material, that is the ALPH,
BETA, SOFT, FBRT and YCFAC parameters of the MAT54 model. In this way, researchers
and designers are provided with a computationally efficient tool to accurately predict the
response of BFRPP laminates to LVIs, without the need to resort to specific experiments.
Furthermore, this model can also provide a valid support in aging conditions that can be
foreseen in real life but that are complicated to reproduce in the laboratory.
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ABSTRACT

Many cases of excessive vibrations of footbridges, grandstands and floors induced by active
crowds have featured the front pages of newspapers and civil engineering magazines in the last
two decades [1]. Predicting structural vibrations at design stage is marked by a great level of
uncertainty due to the lack of reliable models of coordinated dynamic loads induced by large
groups of people [2].

Quality models of individual loading do exist [3]. But there is a lack of knowledge on how
to expand them to multiple people. A key missing element is a model of interaction between
individuals, generally known as “synchronization”. In the context of dynamic crowd loading,
the key aspect of synchronization is the occasional good coordination of their body movements.
This is because the source of dynamic loading is in the body motion according to the second
Newton’s law. So, improved coordination over a longer period of time yields larger amplitudes
of the net loading, as illustrated in Figure 1.

Figure 1: Forces due to a group of two bouncing people (after [4]). Figures @) and b)
represent the same data. Ati is the time difference between two local peaks.

The model described by Equation (1) features a linear oscillator that generates artificial
motion trajectories xi(t) for each individual i in a group of n people (i=1, ..., n). The group is
prompted to move by a periodic external stimulus y=y(t) with the angular frequency .
Examples include a music beat, strobe light and perceptible structural vibration.

%+ w?x; + 2 (8; + sinw;t) (4 — ¥) + (&2(8; + sinw;t)? + w?y;sinw;t)(x; —y) = 0 )

Here, &i weighs the tendency of an individual to synchronise with the given stimulus, >0
represents the rate by which an individual modifies his/her body motion with respect to the
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stimulus beat, while yi controls the intensity of this variation. Values of wi and o should differ
by at least 3% to avoid the resonance. The offset §; accounts for the interaction between an
individual and others, e.g. a possibility to see and hear people around.

Synchronization is all about the relative timing between the common events in the body
motion trajectories or the corresponding loading (Figure 1). A function A(t) of the average lack
of synchronization in a group of n people can be expressed as:

AW = o Tjmriej (B = )7 20 )

Here, indexes i and j correspond to two individuals in the group. If A(t)=0 all individuals
move in unison, while larger amplitudes of A(t) function indicate weaker synchronization.
Equation (2) features deliberately acceleration signals X; and X; as various accelerometers are
the state-of-the-art technology for tracking body motion. This is particularly important for
calibrating values of the modelling parameters using the experimental data.

Figure 2a shows A(t) function computed using acceleration records due to two persons
bouncing next to each other while prompted by regular metronome beats at 2 Hz. The
corresponding A(t) simulation is shown in Figure 2b. Close resemblance is apparent.

Figure 2: Actual (a-c-e) and simulated (b-d-f) A(t) functions due to two people bouncing.

A comprehensive database of experimentally measured motion trajectories of a large
number of individuals moving in groups of various sizes, prompted under a range of different
stimuli and performing different actions (e.g. walking, jumping, running), is needed to identify
realistic values of the modelling parameters and study their natural variation within the human
population.
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ABSTRACT

This abstract outlines a strategy designed to offer estimates of fracture toughness (Jc) using the
Weibull cumulative distribution function (CDF) within the ductile to brittle transition (DBT) region.
The size-effect modeling encompasses the dynamic interplay between brittle and ductile
damage/fracture micromechanisms, which coexist in varying proportions within the DBT region
depending on temperature. The inherent variability is tackled by employing a 3P-Weibull CDF:

B
J —
F(Jcﬂ,n,y)ﬂ—eXp[—( °77 7] ]; JezyiBon=n,—y),reR’ (1

Application of the two-step-scaling (2SS) rest upon the following two scaling conditions along
the CDF abscissa and ordinate (governed by the scaling parameters x and &, respectively):

n-B*=(n,-7) (B/B,) =const.=7n,; S-B*=const.=S, @)

where B marks specimen thickness (see also Figure for the notation). The two scaling premises (2)
define in the scaled space the size-independent Weibull scale parameter (7.) and the common CDF
slope S. (i.e., the common PDF (probability density function) maxima), respectively [1].

The conditions of constancy (2) stem from the power law, intricately connected to Weibull
statistics. This physically plausible power-law scaling is influenced by the traditional concept that
the stress at the crack tip increases proportionally to the crack length raised to a power, establishing
a connection between weakest link theory (WLT) and the Weibull statistics.

When employing the 2SS scheme (2), the Weibull CDF (1) adopts the Modified WLT form:

B3 —y p(8.¢)
F(Jcﬁ,mm):l—GXP{—(B] [ cﬂ J }; G.=-120;8,n.,7eR" 3)
0 *

Finally, temperature-influenced DBT displays resemblances to behavior controlled by strain
rates, particularly in scenarios of extreme loading causing shock waves that trigger nearly
simultaneous activation of dominant nucleation kernels—an occurrence also witnessed at cryogenic
temperatures.
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ABSTRACT

The utilization of solar energy has gained significant attention as a sustainable alternative to
conventional power sources. Among various solar technologies, the solar parabolic trough collector
(PTC) stands out as a promising technology for harnessing solar thermal energy. This study presents
a comprehensive comparative analysis of the performance of solar parabolic trough collectors across
diverse climate zones in India. The research focuses on assessing the efficiency and feasibility of
parabolic trough collectors in varying climatic conditions, considering factors such as solar radiation,
ambient temperature, and humidity. A set of parabolic trough collector systems has been deployed
in representative locations spanning different climatic regions, including arid, semi-arid, tropical,
and temperate zones. The study evaluates the influence of climatic parameters on the collector's
performance, addressing challenges and opportunities associated with the deployment of solar PTCs
in different regions of India. Comparative data analysis enables the identification of optimal
conditions for PTC operation and highlights potential modifications required to enhance efficiency
in specific climatic contexts. The findings aim to provide valuable insights for policymakers,
researchers, and industry stakeholders, aiding in the development of region-specific strategies for the
widespread adoption of solar parabolic trough collectors in India.

CONCLUSION
This can form a baseline for designers of solar parabolic trough collector used for solar domestic hot
water system.

e Jaipur noted the highest temperature of 400K on 21 June at 12 pm and the lowest temperature
noted was 315K on 21% December 2 pm. Jaipur is located at 75.78 73 E, 26.9124 N and has a semi-
arid type of climate. Highest direct solar irradiation over the year was 895.6 W/m”2 on 21 March
at 12 pm. Jaipur had the highest temperature achieved between all the cities and climate zones.
On the basis of the average temperature achieved, Jaipur as a City/Climate Zone has the highest
average temperature of 347.3K.

e Agumbi noted the highest temperature of 350K on 21* June at 12 pm and the lowest temperature
noted was 308K on 21 September 2 pm. Agumbi is located at 75.0833 E, 13.5 N and has a
Tropical Rainforest type of climate. Highest direct solar irradiation over the year was 928.6
W/m”2 on 21% December at 12 pm. On the basis of the average temperature achieved, Agumbi as
a City/Climate Zone has the lowest average temperature of 323.3K.

e Mumbai noted the highest temperature of 366K on 215 June at 12 pm and the lowest temperature
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noted was 311K on 21% September 2 pm. Mumbai is located at 72.8777 E, 19.0760 N and has a
Tropical Monsoon type of climate. Highest direct solar irradiation over the year was 914.9 W/m”"2
on 21% December at 12 pm. On the basis of the average temperature achieved, Mumbai as a
City/Climate Zone has the sixth highest average temperature of 323.3K.

New Delhi noted the highest temperature of 399K on 21% June at 12 pm and the lowest
temperature noted was 316K on 21% September 2 pm. New Delhi is located at 77.2090 E, 28.6139
N and is a Sub-Tropical Humid climatic zone. Highest direct solar irradiation over the year was
893.2 W/m”2 on 21% March at 12 pm. On the basis of the average temperature achieved, New
Delhi as a City/Climate Zone has the second highest average temperature of 335.62K.

Jaisalmer noted the highest temperature of 375K on 21% June at 12 pm and the lowest temperature
noted was 317K on 21% September 2 pm. Jaisalmer is located at 70.9083 E, 26.9157 N and is a
Desert climatic zone. Highest direct solar irradiation over the year was 893.8 W/m”2 on 21
March at 12 pm. On the basis of the average temperature achieved, Jaisalmer as a City/Climate
Zone has the third highest average temperature of 335.37K.

Hyderabad noted the highest temperature of 353K on 21st December at 12 pm and the lowest
temperature noted was 312K on 21st September 2 pm. Hyderabad is located at 78.4867 E, 17.3850
N and is a Savanna climatic zone. Highest direct solar irradiation over the year was 919.8 W/m”2
on 21st December at 12 pm. On the basis of the average temperature achieved, Hyderabad as a
City/Climate Zone has the fifth highest average temperature of 330.5K.

Gulmarg noted the highest temperature of 335K on 21st September at 12 pm and the lowest
temperature noted was 316K on 21st December 12 pm. Gulmarg is located at 74.3855 E, 34.0494
N and is an Alpine climatic zone. Highest direct solar irradiation over the year was 883.6 W/m”"2
on 21st March at 12 pm. On the basis of the average temperature achieved, Gulmarg as a
City/Climate Zone has the seventh highest average temperature of 326.37K.

Pune noted the highest temperature of 347K on 21st December at 12 pm and the lowest
temperature noted was 316K on 21st March 2 pm. Pune is located at 73.8567 E, 18.5204 N and is
a Mediterranean climatic zone. Highest direct solar irradiation over the year was 916 W/m”2 on
21st December at 12 pm. On the basis of the average temperature achieved, Pune as a City/Climate
Zone has the fourth highest average temperature of 330.75K.

Dras noted the highest temperature of 347K on 21st March at 12 pm and the lowest temperature
noted was 307K on 21st December 2 pm. Dras is located at 76.3189 E, 34.5014 N and is a
Subarctic climatic zone. Highest direct solar irradiation over the year was 883.2 W/m”2 on 21st
March at 12 pm. Dras had the lowest temperature achieved between all the cities and climate
zones. On the basis of the average temperature achieved, Dras as a City/Climate Zone has the
second lowest average temperature of 325.62K.



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

REFERENCES

[1] Arasu, A. & Sornakumar, (2007), Theoretical analysis and experimental verification of parabolic
trough solar collector with hot water generation system. Thermal Science - THERM SCI. 11. 119-
126. 10.2298/TSCI0701119V.

[2] KR Kumar, KS Reddy , (2009), Thermal analysis of solar parabolic trough with porous disc
receiver - Applied energy, 2009 Grena, Roberto.

[3] Xu, JianZhong & Jin, HongGuang & Sui, Jun & Liu, Qibin & Zhang, MingMing, (2012), Recent
progress on renewable energy in engineering thermophysics. Chinese Science Bulletin. 57.
10.1007/s11434-012-5532-1.

[4] Singh, Harvinder & Channi, (2023), Harpreet. Performance Analysis of a Parabolic Trough
Collector. 10.1007/978-981-99-6774-2 42.

[5] Osorio, Julidan & Sensoy, Tugba & Rivera-Alvarez, Alejandro & Patifio, Gustavo & Ordonez,
(2023), J.. Influence of Correlations on the Thermal Performance Modeling of Parabolic Trough
Collectors. Journal of Solar Energy Engineering. 145. 10.1115/1.4062170.

[6] Alamr, Maiyada & Gomaa, Mohamed, (2023), A Review of Parabolic Trough Collector (PTC):
Application and Performance Comparison. 10.37394/232029.2022.1.4.

49



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

WEAK STOCHASTIC INTEGRATORS FOR DYNAMICS ON §2
MANIFOLD

*k

%
Ankush Gogoi1 , Satyam Panda2+, Budhaditya Hazra2++ and Vikram Pakrashi1

1UCD Centre for Mechanics, School of Mechanical and Materials Engineering, University College Dublin,
D04V1W8 Dublin, Ireland
2Department of Civil Engineering, Indian Institute of Technology Guwahati, 781039 Assam, India

ankush.gogoi@ucdconnect.ie; 2*pandal8@iitg.ac.in; 2 *budhaditya.hazra@iitg.ac.in;
™vikram.pakrashi@ucd.ie
ORCID iD: l*0000-0002-2622-43»4)(; "*0000-0002-8318-3521

Keywords: Stochastic Integration, Manifold, Exponential Map, Lie Algebra.
ABSTRACT

Stochastic Differential Equations (SDEs) have emerged as a powerful tool to accurately simulate
physical systems by incorporating stochastic perturbations in the deterministic dynamics. The theory
of SDEs for dynamics on Euclidean space is well established [1]. However, the dynamics of complex
systems are often associated with constraints of geometric nature. For example, rigid body rotations
are constrained on an abstract mathematical space defined by the collection of special orthogonal
groups, or in control theory, the movement of a robot arm is constrained to have a constant length
implying that the dynamics evolve on some nonlinear mathematical spaces, commonly known as
manifolds [2]. In order to predict the movement or even control such systems, it is necessary to use
a numerical integration scheme which can preserve the underlying geometry of the space while
considering stochasticity.

To address this, weak stochastic integration schemes for dynamical systems whose dynamics are
constrained to move on a manifold is proposed here. The proposed formulation is based on Ito-Taylor
expansion for the underlying SDEs and exploiting the relation between the manifold and its Lie
Algebra through the exponential map [2]. The geometry preserving weak integrators are appealing
for those stochastic dynamical systems where accurate estimation of expected system response and
energy is of importance, without the necessity to derive path wise solutions. Numerical illustrations
on stochastic systems evolving on S? manifold are undertaken to show the efficacy of the weak
integrators to provide accurate solutions at coarser step sizes.
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ABSTRACT

This research explores the dynamic behavior of structures encountered in various engineering
fields by modeling them as a series of elastic beams interconnected with rigid bodies and supported
on an inerter-based elastic foundation. The analytical framework employed enables the derivation
of a continuous-mass transfer matrix for arbitrary unit cells, which are tessellated to form a
periodic structure (metastructure). Emphasizing the core design of a rigid body suspended
between two elastic beams, the study employs Timoshenko beam theory to model the beam
segments and performs a thorough analysis of rigid body motion. Dynamical properties of such
structures are evaluated by creating band diagrams and analyzing their dispersion properties. The
dispersion properties of a supported unit cell are compared to those of a unit cell with free-free
boundary conditions, not resting on any foundation. The presence of an elastic foundation increases
the system's stiffness, causing the dispersion curves to shift to lower frequencies. This effect is
more pronounced with an inerter-based foundation due to inertia amplification.

Fig. 1. Unit cell (a rigid body between two elastic beams, with inerter-based elastic foundation)

51



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

a) b)

Fig. 2. a) The dispersion curves shift to lower frequencies due to the presence of the elastic
foundation. b) This shift is more pronounced with the inclusion of inerters.
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ABSTRACT

Previously developed parallel CFD code [1] serves as a good foundation for future
implementation of more complex codes containing both particle tracking and reactive flows.
Initial development of computer code allowed us to estimate potential gains in execution times
when moving computationally strongly demanding portions of code to GPU and execute them
in parallel.

At the time we have shown that inner portions of code in subroutines that calculate
individual scalar or vector fields can be properly restructured to allow significantly shorter
calculation times. However, deeper examination of the computer code reveals that some of
subroutines do not directly depend on each other, and that they can be executed in parallel.
Scaling up this problem to a more complex system such is a model of boiler furnace opens up
a new set of opportunities to gain in computation efficiency, but also introduces new
challenges.

In this presentation we will discuss algorithm that might lead to optimal parallel
implementation of a utility boiler CFD code that would be capable to run on current and
upcoming GPUs, providing reliable and fast output. Given that the boiler model introduces
subroutines for species in reactive flow, there is an opportunity not only to parallelize their
inner structure, but also to execute them in parallel at larger scale. To do this we must first
identify if any of reaction subroutines depend on other reactions. Those must be separated from
the rest ones and set to wait until their input data is ready for them to run. This is also true for
velocity component subroutines which can be executed in parallel, but must wait and
synchronize before calling the routine that determines pressure corrections for pressure linked
equations.

Aside from additional parallelization opportunities, we discuss the upcoming challenges as
well. One of the major challenges will be particle tracking. The code uses Particle Source In
Cell coupling between particles and flow field variables. Each particle adds to a source term of
a cell as it passes through it. In serial code this is not a major issue, as each source term is
updated with new value without the danger of being overwritten by another incoming data.
However, going fully parallel opens up a possibility to attempt to write data to the same source
term multiple times, effectively causing it to randomly update with data that has been last
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written to it, ignoring all other data written before. To overcome this issue, OpenACC allows
us to use reductions, creating separate copies of matrices for each new incoming data and keep
it until all data is ready, and finally completing the reductions, preventing from any data loss
in the code execution process. An alternative approach would be to create a corresponding
matrix, and thus create enough space to store data from each time step of each trajectory,
without need for reduction at this point. In this matrix one column would store particle
coordinates at a given time step during the particle tracking, while the other column would
contain particles contribution to the source term in cell with those coordinates.

Overall algorithm, which the CFD code should follow, must break any dependencies
between subroutines that would lead their inability to run concurrently, identify portions of
code that must wait for data synchronization from different sources, and manage data
movements between CPU and GPU in such a way to prevent any unnecessary data transfers
that would have significant impact on the code running time.
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Figure: Flow chart of algorithm for simulations of the particle-laden reactive flow
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ABSTRACT

Column base plate connections are critical structural elements that transfer axial forces,
shear forces, and moments from the superstructure to the foundation in steel frame buildings[1-
5]. The failure of these connections can lead to catastrophic collapse of the entire structure [6].
The behavior of column base plate connections is governed by complex interactions between
various components, including the column, base plate, anchor rods, and concrete foundation[7].
However, current design codes like Eurocode 3 often oversimplify the behavior of anchor rods
by neglecting bending effects, which can lead to inaccurate capacity estimates. This paper
investigates the impact of anchor rod bending on the performance of column base plate
connections through a validated 3D finite element model developed from existing experimental
data, as shown in Fig. (1-2). Under constant axial load followed by monotonic moment loading,
the analysis revealed significant combined bending moments and tensile forces acting on the
anchor rods, contrary to typical design assumptions (Fig.3). The findings suggest that the
Eurocode 3 component method [8], may overestimate anchor rod capacities by disregarding
bending moment contributions, underscoring the need for a more comprehensive consideration
of'anchor rod behavior in the design of these critical connections to ensure structural safety and
reliability.
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Fig. 1. FEM of Column Base Plate Connection
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Fig. 2. Numerical and experimental moment- Fig. 3. Deformed shape of the anchor
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ABSTRACT

The pressing issue of global warming has prompted industries to seek sustainable and
renewable materials that can reduce the use of petroleum-based products. Natural fibers, as
bio-based and environmentally friendly materials, offer a promising solution. In this study, the
mechanical properties of natural rubber composites reinforced with ramie fiber were evaluated.
The composites were fabricated using a vulcanizing technique at 150°C and the fibers were cut
into different lengths (Smm, 10mm & 15mm) and weights (15g, 30g & 60g). Mechanical
performance tests, including tensile and tear strength, and hardness were conducted. The results
showed that as fiber concentration increased, so did the curing time. Moreover, the composites
with higher fiber concentration had higher strength. The composite with 10mm & 60g ramie
fiber concentration had the highest tensile strength (10.35MPa) and the composite with Smm
& 60g ramie fiber concentration had the highest tear strength (52.518 KN/m). The specimen
with the highest tensile strength was subjected to scanning electron microscope analysis. The
SEM analysis revealed that the composite had a ductile type of fracture with appreciable plastic
deformation. Overall, the results of this study indicate the potential of using natural rubber
composites reinforced with ramie fiber as a sustainable and environmentally friendly
alternative to petroleum-based products. Further tests and optimization of the fabrication
process are necessary to fully realize the potential of this composite material.

EXPERIMENTAL DETAILS
Materials

The reinforcement material used in this study is Ramie fiber, a plant-based fiber that has
been known for its high strength, even when wet. Ramie fiber is purchased from Vruksha
Composites, Tenali, Natural rubber (ISNR 5) was purchased from the local market. Ramie fiber
has a density of 1.50g/cm?, fracture load of 0.467N, Tensile Strength of 560MPa, and fracture
strain of 0.025%. In contrast, Natural Rubber has excellent resilience, abrasion and surface
friction properties, high fatigue resistance, low rolling resistance and hysteresis, and stays
flexible even when its temperatures are low. This combination of properties makes it a popular
choice for high-performance tires for race buses, trucks, cars, and aircraft, as a result of its high
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resistance to heat and its high tear strength. The study aims to assess the impact of Ramie fiber
reinforced with natural rubber, and its potential as a sustainable alternative for the rubber
industry.

Composite Manufacture

Ramie fibers were cut with scissors into different lengths of about 5 mm, 10 mm, and 15
mm and then put into different weight ratios of 15 g, 30 g, and 60g to make the various parts
needed for the work. Then, a two-roll mill made a composite at room temperature. Natural
rubber (grade ISNR 5) was added to each compound in the mixer to make the composite. The
amounts of chemicals required for the mixing process are listed in Table 2.1. The samples were
put through the two-roll mixing mill (Fig. 2.2(a)) more than once to ensure the materials were
evenly distributed. The total mixing time was 15 to 30 minutes, or until the ramie fibers were
completely mixed into the rubber matrix.

In order to determine the ideal curing time, the samples shown in Fig. 2.1 (¢) were put
through a Rheometer. After determining the ideal curing time, the samples were cured using a
hydraulic compression moulding press equipped with electrically heated plates, as shown in
Fig. 2.2 (b). This process was carried out at a vulcanizing temperature of 150°C. Curing time
characteristics, tensile test, tear test, hardness and Scanning Electron Microscopy fractographic
analysis were performed after curing to determine the compound's mechanical properties.

Fig 1. (a) Mixing Mill; (b) Mould Press; (c) Rubber mixed Compound

Characterizing Tests

The following tests are conducted on the composite material and the results are evaluated.
The main characterizing tests are (i) Curing Time Test, (ii) Tensile Strength Test, (iii) Tear
Strength Test, (iv) Hardness Test, (v) Scanning Electron Microscopy Analysis.
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ABSTRACT

Vibratory technology is involved in various industries, such as food, metallurgical, arms
industry, etc. [1]. Major implementation can be found in material conveyance in the form of
vibratory conveyers. Depending on the continuity of the contact of the conveyed particles and
vibratory trough’s surface, these machines can set material into motion in two ways — hopping
and no-hopping motion. Conventional vibratory conveyers (Fig. 1) have an actuator positioned
at a certain angle to the ground. This angle defines the force vector that sets the material into
forward motion.

Figure 1 — A schematics of an electromagnetically driven vibratory conveyer [2]
consisting of stationary base (1), vibratory trough (2), dampers (3), leaf springs (4) and
electromagnet (5) with a corresponding robotic serial mechanism drawn (red color) over it

Main goal of this research is to explore a potential design with two orthogonally positioned
actuators that can change the direction of the resultant vector. Variation of frequencies, phase
differences and amplitude ratios enable different vibratory regimes implemented not only in
conveyance, but at fine dosing, shaking and stirring, sifting etc.

Contrary to conventional technological processes that use hopping motion, where a new
machine is introduced for various operations, this way only the vibratory trough should be
replaced, and the control and actuating system generally remains the same. Additionally, with
dual excitation, the no-hopping motion can be achieved in simpler control algorithms. This
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form of motion is suitable for industries that demand sensitive handling with material (e.g.
chemical or military industry).

For this purpose, a mathematical model of a standard vibratory conveyer is defined with
segregated upward and sideways displacements of the base. This research explores the
kinematics of such vibratory machines from a robotics aspect (Fig. 1). More precisely, the
conveyer system (vibratory trough with stationary base) is being analyzed and remodeled as an
open serial kinematic chain. The interdependencies of the virtual segments are derived using
Rodrigues’ formula, that’s thoroughly defined in [3].

The analysis starts by defining the relative coordinates of the virtual robotic system. Since
the conveyor depicted in Fig 1. can be approximated to perform exclusively planar motion it
can be visualized as a robotic system with multiple segments interconnected by means of joints
— one for each degree of freedom (DOF). The proposed system will consist of a total of four
joints - two linear and one rotational joint to define the absolute movement of the stationary
base in the vertical plane and an additional linear joint to define displacement of the trough
relative to the base itself.

After the definition of the configuration of the robotic system, absolute radius vectors of
centers of inertia of corresponding segments are defined. Furthermore, expressions for angular
and translational velocities are obtained for each proposed segment which will be served for
setting in an automatic manner of the kinematic model of vibration conveyor.
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ABSTRACT

The concept of FGM was first introduced by a group of material scientists in Japan in mid—
1980s. for space plane project [1]. FGMs are microscopically made composites usually from a
mixture of metal and ceramic, in which material properties vary continuously in one or three
directions. These gradual changes of materials properties overcome the disadvantages of
traditional FRP (Fiber Reinforced Polymer) composites, regarding inter and intra laminar
failure modes. The variation of material properties is defined by mathematical function, which
may be given by: Power Law model, Exponential model, Sigmond law model, Mori Tanaka
scheme and others. As FGMs are usually made of two materials, the metal and the ceramic, the
ceramic layer serves for thermal resistance, whereas the metal layer gives high toughness. Due
to the high heat resistance, FGMs have many practical applications in acrospace industries,
defence industries, biomechanics, as well as and civil engineering. Therefore, the buckling
problem of FGM plate subjected to in—plane loading and resting on elastic foundations received
considerable interest of researchers over the last decades [2].

Ceramic

/ \ °{Meml .-

Shear layer )

Winkler springs

Rigid substrate

Figure 1. Geometry of FGM plate resting on Pasternak foundation

When modelling elastic foundations, many studies have been performed to predict the
critical buckling loads of highway and airfield pavement systems as well as foundations of
storage tanks, swimming pools, and buildings by employing a plate on an elastic foundation
[3]. The surface layer of the pavement (reinforced concrete slab in the rigid pavement and
asphalt mixtures in the flexible pavement) is regularly simulated as a rectangular plate, while
the underlying layers are modelled using an elastic foundation. For modelling elastic medium
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and describing the interactions of the plate and foundation, various kinds of foundation models
are suggested. The simplest model for the elastic foundation is Winkler or one—parameter
model [4], which models the foundation as a series of separated springs without coupling
effects between each other. In wish to improve the Winkler model, several researchers tried to
more realistically simulate interaction between the spring elements, by connecting upper ends
of springs in the Winkler model with an elastic membrane or shear layer. These are so called
the two—parameter foundations models, such as Filonenko—Borodich [5], Pasternak [6],
generalized [7], and Vlasov [8].

In this study the mechanical buckling analysis of functionally graded plates resting on
elastic foundation is modelled using two-parameter Pasternak model. The mathematical model,
based on Layer wise theory of Reddy [9], assumes layer wise variation of in plane
displacements and constant transverse displacement through the thickness, non-linear strain
displacement relations (in von Karman sense) and isotropic nonhomogeneous material
properties. The material properties of FGM plates are assumed to be constant in xy—plane and
vary through the thickness by a power law function in terms of the volume fraction of the
constituents. The effective materials properties are given by the rule of mixture. The principle
of virtual displacement (PVD) is used to derive the weak form of linearized buckling problem.
The weak form is discretized using nine node Lagrangian isoparametric finite element. The
original MATLAB computer program is coded for the FEM solution. The influence of different
parameters, such as elastic foundation parameters, in-plane load distribution, side—to—
thickness ratio b/h, aspect ratio a/b and power—low index is presented. The accuracy of the
numerical model is verified by comparison with the available results from the literature.
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ABSTRACT

Macro- and microscale plates made of porous functionally graded materials (PFGMs) are
widely used in various branches of modern engineering, such as aerospace, automotive,
biomedical, optoelectronics, etc.

An analysis of existing studies shows a lack of research on the statics of flexible porous
functionally graded size-dependent porous plates on an elastic foundation taking into account
Green-Lagrangian nonlinearity.

In this study, a mathematical model of geometrically nonlinear functionally graded porous
size-dependent Kirchhoff plates on an elastic Winkler-Pasternak foundation is constructed.
Two models are applied to account for geometric non-linearity, the von Karman and the Green-
Lagrange models. Size-dependent effects are incorporated by Yang's modified couple stress
theory (MCST) [1]. Among the size-dependent theories, MCST has the advantage of using
only one material length scale parameter, which makes it convenient to use, better in numerical
realisation and representation of elastic properties. At the same time, other non-classical
theories have a number of limitations. Note, the nonlocal elasticity theory defined by Eringen
leads to a paradox in the results concerning the obtained values of the eigenfrequencies
compared to the classical model.

The foundation parameters are considered as functions depending on the X,y coordinates.
Plates made of functionally graded material consisting of aluminium and ceramics - zirconium
dioxide, as well as of steel SUS304 and ceramics - silicon nitride, etc. are considered. Three
porosity patterns are considered: 1) uniform porosity, 2) pore increase at the centre of the plate,
and 3) pore increase from the centre to the top and bottom boundaries of the plate.

The system of nonlinear differential equations in displacements is obtained from the
Hamilton's principle. The derived system of equations is solved by two methods: the Bubnov-
Galerkin method in higher approximations and the Variational Iterations Method (VIM) -
extended Kantorovich method (EKM) in first and second approximations. The restrictions of
the Fourier hypothesis of separation of variables are not required. The convergence theorems
for the VIM method are proved. These two factors allow us to claim that the solutions obtained
using the developed methodology provide practically exact solutions to problems involving
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both von Karman and Green-Lagrange nonlinearities. This statement is supported by
comparisons with solutions obtained by the Bubnov-Galerkin method in higher
approximations.

In references [2-6], the accuracy, efficacy and high speed of the Variational Iteration Method
(VIM) were demonstrated.

The absence of nonlinear terms associated with the displacement derivatives u, v in the
Green-Lagrange expressions for midplane deformation - in particular the transition to the von
Karman model - leads to significant errors in the calculation of stresses and strains.

The study examines the effect of material functionally graded, pore pattern, elastic
foundation and size-dependent parameter on the stress-strain state of plates. It is concluded that
for the alloys studied, increasing the ceramic content of the plate material increases the strength
of the structure. It is also shown that a porosity structure with a maximum distribution of pores
in the centre of the plate optimises the load bearing capacity.

The work was supported by the Russian Science Foundation RNF grant No. 22-71-10083.
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ABSTRACT

To increase the efficiency of lifting surfaces, such as wings, tails, propeller or wind turbine
blades, the concept of morphing (changeable) geometry is gaining popularity and being more
and more investigated [1]. With the advances in materials, flexible structures, new production
techniques and improved simulations, it is possible to design optimal shapes for particular
operating conditions (e.g. low Reynolds numbers), that at the same time have the capability to
adapt to a wide range of different working conditions (that are present with small unmanned
air vehicles in urban environments). Here, one such airfoil contour is presented in Fig. 1(left),
and investigated in more detail. Geometric variations are achieved by vertically sliding three
key spinal points (at axial positions corresponding to 20%, 40% and 60% chord length) where
fixed-length ribs defining the outer (upper and lower) surfaces are perpendicularly connected.
Flow simulations by Reynolds-averaged Navier-Stokes (RANS) equations closed by transition
SST turbulence model are employed for the estimation of its aerodynamic performance,
example in Fig. 1(right). Very promising results are achieved that justify further research work
in this field.

Figure 1. Airfoil contour and key elements (left), Computed velocity field (right).
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ABSTRACT

Sub-resonances of bionic paw-inspired structure vibration isolation systems are examined
in this paper. Amplitude-frequency response functions, stability conditions, and bifurcation
sets for subharmonic, ultra-subharmonic, and superharmonic resonances are discussed in
detail. Since the equations are nonlinear, the results on the character of subharmonic,
superharmonic, and superharmonic resonances may apply to practically all kinds of physical
and engineering problems. Based on theoretical derivation, the effect of the structural
parameters of the bionic paw-inspired structure on the nonlinear response and bifurcation set
is investigated in detail. The effects of subharmonic, superharmonic, and superharmonic
resonances on vibration isolation performance have not been discussed for bionic paw-inspired
structure. This study can provide a solid foundation for further research in physical and
engineering vibration isolation.
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ABSTRACT
In various engineering applications, structural elements often consist of plates with
technological holes. These holes serve essential purposes such as weight reduction and access
to specific maintenance areas. The presence of notches
and holes in such structures leads to stress concentration,
changes in plate stiffness and, consequently, to both
changes in the stress-strain state and the appearance of
plastic zones. Consequently, the study of 3D plates
weakened by holes, taking into account elastoplastic
deformations, seems important and relevant. In this
study, a mathematical model of elastoplastic
Fig.1.The geometry of the plate deformation is developed based on the deformation
theory of plasticity for plates with holes in the center
(Fig. 1). The following hypotheses were used to derive the equations:
(1) the material of the plate is assumed to be isotropic but inhomogeneous:
E(X,Y,z2,6,€,), KX, Y,Z,€,6€,)), where g is intensities of strain, €, is volumetric strain [1];

(i1) the deformation theory of plasticity is applied;
(iii) the von Mises criteria of plasticity is used.
The required differential equations (1), which incorporate the above hypotheses in a 3D
formulation for rectangular plates, are derived using Hamilton's principle [2]:

Ou ou 8 ov ou) o aw ou
e ] tee Bty S ey R
X 6x oy\ox oy) oz\ox oz
where: U(X,Y,2), V(X,Y,2), W(X,y,z)—displacement along the axes X,Yy,z, respectively;

(A+1)0,+uAu +Zl9 +2—
X

o’ () o*(n) o*(U ) )
A(l) = 8x2) + 8352) + 82(2) - Laplace operator; Z(X, y,z,ei,eo), ,u(X, y,z,ei,eo), - stand for
the Lamé constants; 6 = %4_% (Z\N 0.,0,,0,,- partial derivatives & with regard to X,Y,z
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On the areas S,S,,S,,S, we take: {U=v=w=0 }and on the areca S; we take
{N p = 0,T=0 } , where p is normal to the lateral surface of the hole, N p,T — the normal

and tangential forces, respectively. On the surface S, without taking into account the area of
the hole S

of the plate is pure aluminium and its behaviour has specific dependencies based on its material
properties [3].

e @ transverse uniformly distributed load g, . g, = ¢, =0 is applied. The material

The solution was carried out using

COMSOL Multiphysics software with

tetrahedral finite elements. MVEP [4]

was used to solve the elastic-plastic

problem. The validity of the results is

guaranteed by checking the

convergence of the finite element

method depending on the diameter of

holes in the plate, as well as by the

MVEP convergence theorem proved by

Vorovich and Krasovsky [5]. For each

Fig.2. Load-deflection relationship radius of the hole in the plate, the

convergence of the finite element

method was investigated. Ha Fig.2 shows the dependence of the integral deflection on the

distributed surface load for different values of the hole radius. The results show that increasing

the hole diameter results in a decrease in deflection and consequently an increase in the flexural
stiffness of the plate.
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ABSTRACT

Science-intensive industries such as automotive, aerospace and shipbuilding are
increasingly seeking to increase the strength and reduce the weight of their structures.

Recently, the manufacture of engineered structures has required the use of multi-layer
adhesive joints, which have a number of advantages over traditional bolted or riveted joints.
These joints have high rigidity and a high strength-to-weight ratio. They also have improved
corrosion and fatigue resistance and excellent damping characteristics. Research in this area is
becoming more and more popular. The main defect of adhesive joints is the destruction of the
adhesive layer and, as a consequence, the disruption of the structural integrity [1]. In the study
[2], the authors identified the cause of the failure of the adhesive layers. This due to the non-
uniform distribution of stresses in the structures. They also investigated the effect of adhesive
layer thickness on the same strength characteristics. In references [3-6], the authors presented
an approach using methods of topological optimisation to design optimal joints, structures and
multilayer composites. The present study is a follow-up to the cited works and is characterised
by the application of other methods and the development of a more universal optimisation
algorithm.

In this study, a mathematical model is constructed to analyse the strength problem of various
adhesive bonds in mechanical structures under transverse load. The developed methodology,
based on methods of topological optimisation supplemented by finite element methods, is
applied as a solution method. In addition, penalty functions for correct optimisation are
introduced. Several optimisation methods are used to obtain reliable results. The most popular
topological optimisation methods (SIMP and RAMP) are compared. It is shown that the RAMP
method is the most optimal. The methodology of topological optimisation is developed based
on the RAMP method using finite elements and a penalty function. This combination allows to
remove the "checkerboard" effect. Note that a universal methodology is constructed, applicable
to a wide class of structures. The penalty function allows to reduce the peak stresses in the
adhesive layer, which is the weakest part of the structure and often subject to deformation. The
proposed methodology is tested on the optimisation of a multilayer package consisting of two
duralumin beams (Figure 1). A comparative analysis is carried out using the example of three
engineering structures with Young's modulus E; = 73.1 = 10° Pa, joined at the top and bottom
with silver solder with Young's modulus E, = 2.26 x 10° Pa.
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There is a slit between the
two beams to separate
them. Adhesive jointing is
applied at the top and
bottom. The right side of
the cantilever is subjected
to a tensile load F = 1 *

10° % The left edge is

pinched. The convergence
of the finite element
Fig. 1. Shear stresses method with triangular
element approximation of
the domain is
investigated. The solution obtained by partitioning into 4000 finite elements is optimal. The
optimisation is based on the method of sliding asymptotes. The stresses are computed at the
centre of the upper adhesive joint. The stress analyses of the adhesive joints show that the
main stresses are shear stresses. This is due to the small thickness of the solder. The
technique proposed by the authors allowed to reduce the maximum peak tangential stresses
by more than 2 times compared to the solutions obtained by the engineering method.
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ABSTRACT

In order to consider the wave propagation in three-dimensional homogeneous, isotropic, and
viscoelastic body, considered in [1] and to account for results presented this paper, the Cauchy
initial value problem on unbounded domain is analyzed for the wave equation written as a
system of fractional partial differential equations consisting of equation of motion of three-
dimensional solid body

1
;div o(rt)+ f,(r,t) = 0 u(r,t),
that connects stress tensor @, displacement field u, and body forces f},, equation of strain

1
2(r,t) = 2 (grad u(r,t) + (grad u(r, t))T),
as well as of the constitutive equation

3r,0) = 0, (000 =202 ®) # &, 0) T +20, (65(0) =, 2, ),

obtained by generalizing the classical Hooke’s law of three-dimensional homogeneous,
isotropic, and elastic body by replacing Lamé coefficients with the relaxation moduli Us(f ), X €
{c,s}, to account for different memory kernels corresponding to the propagation of
compressive and shear waves. By the use of method of integral transforms, namely Laplace
and Fourier transforms, the displacement field, as a solution of the Cauchy initial value
problem, is expressed through Green’s functions G®, x € {c, s}, corresponding to both
compressive and shear wave propagation. The displacement field is obtained by the action of

the resolvent tensor R on the known initial conditions 1, and v,, yielding
u(r,t) = 0. R(r,t) . uy(r, t) + R(r, t) %, vo(r,t) + R(r, ©) %, f1, (7, 1),

for the solution, assuming R(r, 0) = 0, with *,.+ denoting the convolution in space and time,
and where the resolvent tensor is given by
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- %((Lg(s) (r,t) = 0,g°(r, t)) (7 37 % r)’

with @ used to denote the dyadic product. Green’s functions are expressed as

R(rt) =GO, t)

r@r
r2

r@r
2

+ GO, D) (i —

1 pt cos wo—mcos((po—argc'x(peiwo))—s pcos%

¢, t) = ! J-°° e
£ 4m?r ), |cE(pel®o)]

X sin (pt sin @q
T . ~ . - .
e peo) (0 — argex(pe**)) + oo — arge (pe'#)

—¢€ psin%) dp

(x)
ifr < ¢, t, withc, = ’USTT(O), while if r > c,t, then Gs(x) (r,t) = 0, while function g(") takes

the following form

1 t
41'[21‘J; <(p°

+j.ool pt’cos¢O—mcos((po—arg€x(peiwo))
0

g® @, t) =

—e
p
T

. I p . ~ i '
X sin (pt sin @y — |E(pTO)lSln ((po — arng(pel(Po))) dp) dt’.
x

Compressive wave progresses in the direction of a radius vector, while the shear wave
progresses in the plane perpendicular to the direction of a radius vector. Moreover, depending
whether as(f )(0) has infinite or finite value, the wave propagation speed has either infinite
value, as in the case of fractional anti-Zener and Zener models formulated in [2], as well as in
the case of the first class of fractional Burgers models, formulated in [3], or has finite value, as

in the case of fractional Burgers models of the second class.
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ABSTRACT

Starting from the power per unit volume

P(t) = a(0)£(2),

where ¢ denotes stress and € denotes strain, which is posed for one-dimensional solid body and
by taking into account the constitutive equation of viscoelastic body, expressed either through
relaxation modulus oy, as

d
o(t) = = (o5 (6) x £(1)),
or through creep compliance &, as

£(t) = € (0) x o(0),
in [1] the relation
d
P = W) +P@),
is derived, where W can be interpreted as the energy per unit volume stored in viscoelastic
body, referring to elastic properties of the material, while P can be interpreted as dissipated

power per unit volume, referring to viscous properties of the material. The explicit forms for
stored energy and dissipated power are as follows

W) = %asr(t)sz(t) + %jt(—dsr(t - ) (e - e(t'))zdt’ >0,
0

P(t) = %(—U'Sr(t))ez(t) + % ] tésr(t —t)(e(t) — ()’ dt’ > 0,
0

when expressed in terms of strain via relaxation modulus, as well as

73



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

t

1
W) = Ef é(t —tHa?(thdt' >0,
0

P(t) = %écr(t)az(t) + %Jt(—é'cr(t - ") (o) - a(t’))zdt’ >0,
0

when expressed in terms of stress via creep compliance. Obviously, both stored energy and
dissipated power are positive at each time instant ¢t > 0 if relaxation modulus (creep
compliance) is completely monotonic function (Bernstein function), which holds true in the
case of fractional anti-Zener and Zener models if thermodynamical restrictions on model
parameters are narrowed.

Moreover, two forms of energy and two forms of dissipated power per unit volume are
examined numerically and compared graphically in order to check whether they coincide if the
harmonic excitation of a viscoelastic body of fractional anti-Zener and Zener type is prescribed
as a sine function, where the stress, as a response to prescribed strain, is also determined in
transient regime. These results are presented in [2].

REFERENCES

[1] Jeli¢, S. and Zorica, D. (2023), “Energy balance for fractional anti-Zener and Zener models
in terms of relaxation modulus and creep compliance,” Applied Mathematical Modelling,
pp. 123:688-728.

[2] Jeli¢, S. and Zorica, D. (2023), “Stress and power as a response to harmonic excitation of
a fractional anti-Zener and Zener type viscoelastic body,” arXiv:2311.09798, pp. 1-29.

74



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

VARIOUS LISSAJOUS FIGURES AND THEIR IMPLICATION IN
VIBRATORY TECHNOLOGY

Uro§ Lj. Tli¢!, Emil A. Veg?
! Institute Mihajlo Pupin, University of Belgrade, 11000 Belgrade, Serbia

2Faculty of Mechanical Engineering, University of Belgrade, 11000 Belgrade, Serbia

Yyros.ilic@pupin.rs; eveg@mas.bg.ac.rs
'ORCID iD: 0000-0003-3955-8995; 2ORCID iD: 0000-0002-6702-6251

Keywords: Lissajous Figures, Computer Simulation, Vibratory Technology.
ABSTRACT

Main component in vibratory machines is the vibratory trough that sets moving material
into motion. With the use of different vibratory regimes, the material can move either in
hopping or no-hopping motion, depending on the continuity of the contact with the trough’s
surface [1]. Different vibratory regimes that set material into no-hopping motion are explored,
but only vibratory conveyance with biaxial excitation is considered. This form of motion is
characterized by the fact that horizontal and vertical components of trough’s excitation can be
varied independently. When these, mutually orthogonal, oscillations are combined, the
trough’s center of inertia forms a specific closed-loop path. Combining different vibrational
frequencies, amplitudes, and phase shifts between orthogonal components, various Lissajous
figures are formed. These figures have a vast spectrum of variations [2]. For example, a regime
that’s defined with identical drive frequencies and no phase shift and equal amplitudes
corresponds to conventional vibratory machines with one actuator inclined at 45°.

This paper focuses on finding the optimal vibratory regime, e.g. corresponding Lissajous
figure, for given set of input parameters. SOLIDWORKS® Academia software is used to
perform elementary Motion Analysis. For this purpose, a CAD model of vibratory trough with
appropriate spring connections is developed. Also, a dummy load of steel cube is used for the
purpose of computer experiment. Potential hopping motions of material are left out, so only
closed loop and monotonous Lissajous figures are taken into consideration (Fig. 1). This
experimental research is conducted in two phases. In first phase only frequencies and phase
shifts are varied. When the suitable Lissajous figure is determined it is advanced to second
phase, where inclination angle for specific conveyed material is chosen. Inclination angle
coincides with figure’s orientation in vertical plane. It single-handedly depends on the ratio of
amplitudes.

Surface contact’s force is plotted in Motion Analysis for each experiment iteration. Given
that a no-hopping motion is desired, current iteration is dropped if in any part of the path, the
cube loses contact with the surface. Each experiment iteration lasted for a set amount of time
after which the distance from starting position is measured and written down in experiment’s
table of results. In other words, this conveying velocity of the load is quantified value for each
iteration and results are analyzed upon it.

75



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

T
4

« /O ON N
+ D3
S5
» SIS LI AN S

Figure 1 — Impact of frequency ratio (rows) and phase shifts (columns) of orthogonal
components to pathway of trough’s center of inertia. Final path is a combination of both
movements and represent a Lissajous figure
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Main goal of this research is to serve as a proof of concept of methodology to find optimal
vibratory regime for given load, e. g. conveyed material. Obtained results can’t be used as a
benchmark of optimum regime due to dynamic characteristics of the load (size, mass, contact
surface) and other parameters, such as friction coefficient, dynamic reaction forces etc. There
are other factors that need to be taken into consideration for future research, such as mechanical
model of the whole conveyer, type of actuator and behavior of springs on higher frequencies.
Also, the simulation model should be scalable, e.g. multi-particle loads should be put to test.
Everything mentioned is part of current and future work on this topic.
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ABSTRACT

The purpose of this research is to introduce nonlinear methods for identifying the model of
DC motor, i.e. for determining velocity of the load shaft w; in a direct-current (DC) motor
using input voltage signal 1},,. These methods comprise three types of fuzzy neural networks.
First, before these nonlinear methods, a traditional (linear) model with an actuator gain of 4,,,
the equivalent damping term of B,,,, and a total moment of inertia of J, is derived.
Unfortunately, this conventional linear model was unable to accurately depict the system in the
real-time experiment, neither for the step input signals nor for sinusoidal, Fig. (1). This
outcome was expected because the main cause of the linear model's poor behaviour in DC
motors - which calls for the use of a nonlinear model - is friction. In order to improve model,
Tustin's friction is considered, and the new model is evaluated in terms of the velocity-friction
dependency, Eq. (1),

d
Jeq (5 01(D) + Tar(@1(D) + Bug 01(8) = AV (8). )
Friction properties are taken to be symmetrical for both positive and negative rotational
velocity values [1],

Ts: = 0.0174sgn(w;) + 0.0087¢ " a06x sgn(wy). 2)
There are many other ways to create a DC motor model as well. A few of them employ various
models of friction. The nonlinear LuGre friction model incorporates several significant
nonlinear phenomena, including stiction, the Stribeck effect, variable break-away force, pre-
sliding displacement, and frictional lag. Even though the DC motor model developed using Eq.
(1) is producing considerably better results than the linear model, Fig. (1), some control
approaches may be extremely difficult or impossible to use because of the discontinuity with
the sgn function. Feedback linearization is one of the answers, although it requires
approximating this function with a smooth, differentiable one (such as the hyperbolic tangent)
[2].

To create a novel model applicable across the entire state space, without any
approximations, the three alternative identification methods, utilizing different Adaptive
Neuro-Fuzzy Inference Systems (ANFIS) are constructed. Training for all ANFIS models is
done using input voltage V;,, and velocity w; as output from the current and the previous instants
(k and k-1). Input signal is normal (Gaussian) distributed random signal with mean equal to 0
and variance equal to 10. The output for all ANFIS models can be defined as follows: w; (k) =
N[V (k = 1), (k = 1)].

In the first ANFIS, the initial fuzzy model is extracted using grid partitioning (GP) to input-
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output data pairs. This method ensures uniformly spaced membership functions (MFs) but can
lead to an exponential increase in rules due to the curse of dimensionality, affecting the number
of fuzzy rules. The fuzzy C-Means clustering (FCM) algorithm is used to establish the
appropriate input-output divisions of the initial MFs for the second and third ANFIS. Many
advanced mathematical optimization methods are analyzed and researched [3] and it has been
decided that the optimal values of premise and consequent parameters will be determined using
genetic algorithm (GA) and particle swarm optimization (PSO).

Each agent in the GA and
PSO algorithm  contains
parameters (premises and
consequents) of ANFIS. For
these models, the initial agent
was obtained using FCM, and
the rest of the population was
obtained by random arrays
from continuous uniform
distribution around the initial
one. The models were
compared after each model
was tested (using inputs that
had not been utilized during
training such as steps,
sinusoidal and chirp signals)
and each model produced
satisfactory results in terms of
chosen performance criteria.
Because ANFIS-GA provided the best results, output of this model is shown alongside with
other models and the real object behaviour in Fig. 1.

The experiment and analysis results show that the response of the object is tracked by the
model, indicating a strong possibility of generating an effective control signal through a direct
inverse control scheme. This method of creating controllers would rely exclusively on the
object behaviour, without the use of any approximations.

Figure 1. Comparison of models
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ABSTRACT

Across various industries, robotics is rapidly transforming how we work and interact with
the world around us. These machines, often inspired by biology or mimicking human
movement, can perform tasks ranging from delicate assembly to hazardous exploration. From
the factory floor to surgical suites, robots are pushing the boundaries of automation and
innovation, with applications that continue to expand and evolve. The innovations for robots
in agriculture mostly come in the form of big machines for arable field cultivation. Their
significance is high as they can be operated by one operator which is important due to the
declining workforce in the agricultural field. Besides the arable fields, harvesting fruits in
orchards is one of the biggest and the most labour-intensive tasks. In [1] authors proposed a
solution for orchard harvesting that uses a robotic arm. Wang et al. [2] proposed a solution
for a soft gripper for harvesting delicate fruits. Another type of solution is proposed by Fei
and Vougioukas [3] that uses a moving platform for optimal placement of people for
harvesting fruit. Zhao et al. [4] proposed a compliant Stewart-like platform. The platform
uses electromagnetic springs that provide variable stiffness which provides compliant
property. Some solutions have variable stiffness actuators [5], where controlled impedance
change adjusts the stiffness. While these solutions offer promise, they face limitations. The
high cost and rigidity of some systems, like those using electromagnetic springs [4], pose
challenges for practical implementation. Additionally, robotic arms, though offering precise
manipulation [1], lack safety features for working alongside humans. By analyzing these
approaches, we can see that current solutions for orchard automation often rely on robotic
arms for fruit manipulation. However, the safety concerns associated with robotic arms
working near humans necessitate alternative approaches.

In this contribution, we are proposing a solution for a variable stiffness actuator, that
provides passive compliance for safe operation alongside humans. By using springs as a
compliant component and by applying load that is offset from the spring axis we can control
spring stiffness as well as use it as a compliant part for shock absorption in case of collision.
So far, our solution is purely mechanical. It uses its mass as well as additional spring
pretension to achieve variable stiffness. When driven with precise motor movement, it can
achieve kinematics like the Stewart platform while still providing compliance. Depending
on the load and use case of the actuator spring stiffness can be easily adjusted either by
swapping springs or by pre-tensioning the springs.
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This actuator's default movement is linear. However, by attaching a suitable rotational joint
to the end of the output shaft, we can achieve rotational movement with a linear component.
With three actuators placed in a parallel configuration, a Stewart-like platform 3D movement
can be achieved.

By incorporating compliant actuation and carefully designed joints, we can create a
versatile actuator suitable for agricultural robotics. This actuator can operate safely alongside
humans and handle delicate fruits like apples and peaches without risk of damage. This
design would ensure smooth, controlled movements while maintaining structural integrity.
We utilized SolidWorks for modelling and will showcase the results of simulations alongside
some of the design features.

Figure 1. Schematics of the kinematic model for a rotating module within a Stewart
platform-like mechanism with compliant actuation
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ABSTRACT

Because of advantages such as high ratio of stiffness and strength to weight and low
maintenance cost, laminated composite plates are widely used in the aerospace, automotive,
marine, and other structural applications. Analysis of free vibrations of composite laminated
plates based on the Mindlin thin plate theory are developed by the Afshari, P. et al. [1]. Liew
[2] analyzed the vibrations of thick symmetric laminates by the Reissner/Mindlin plate theory
and the Ritz method where vibrations of laminated plates with various geometric boundary
conditions were studied. Very detailed analysis of composite laminated plates is presented in
the literature J. N. Reddy [3]. Based on analysis Ni, Z. et al. [4] and Ashour, A. S. [5] idea for
investigation of symmetric angle-ply laminated composite plates with different of numbers and
thickness of lamella and different fiber orientations are derived.

In this paper a rectangular symmetrically angle-ply laminated plate is considered. The plate
consists of N=5 layers (lamella) which are assumed to be made of orthotropic materials. The
rectangular symmetrically angle-ply laminated plate with different thickness of lamella (Fig.1a,
b and c) and different fiber orientations is presented in Fig.l. For the mentioned plate by
applying classical plate theory, differential equation is given to describe the vibrations (small
transverse displacements). Ritz solution is applied to solve the presented differential equation
of motion for three types boundary conditions plate: simply supported at Xx=0,a and y=0,b;
clamped plate at x=0,a and y=0,b; clamped plate at x=0,a and simply supported at y=0,b. The
free vibrations of symmetrically angle-ply laminated plate are studied in detail. For different
thickness of lamella and different fiber orientations the paper also provides a detailed analysis
of fundamental frequencies.

From Fig. 2 it can be seen five-layer laminate plate with assumed fiber orientations of
lamella [45°/- 30 °/ 60 °/- 30°/ 45 °]. Fig. 2 shows the effects of different types of boundary
conditions and different thickness of lamella on the fundamental frequencies. The highest value
of dimensionless fundamental frequencies was observed for boundary condition clamped plate
at x=0,a and y=0,b when is every second lamella twice as thinner.

Fig. 1. Rectangular symmetrically angle-ply laminated plate with number of layers N=5.
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The results of the fundamental frequencies are also comparing with results from literature
J. N. Reddy [3].

Fig. 2. Nondimensionalized fundamental frequency (w;,) versus plate aspect ratio (a/b)

This research was financially supported by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia (Contract No. 451-451-03-66/2024-
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ABSTRACT

The horizontal steam generators (HSGs) are applied in the VVER nuclear power plants
equipped with the pressurized water reactor (PWR). The HSG transfers heat from the nuclear
reactor coolant to the feedwater, which is heated and evaporated on the HSG shell side. The
HSG heat transfer area is composed of the horizontal U-tube bundles connected to the hot inlet
header and cold outlet header, which are both positioned vertically. The boiling feedwater flow
in the large volume of the HSG shell side is self-organized in complex natural circulations
loops. Experimental investigation of the two-phase flow on the HSG shell side is difficult in
real operational conditions. However, sophisticated two-phase flow models enable numerical
simulation and analyses of these complex conditions, and the obtained results supports design
of reliable operation and nuclear power plant safety.

Figure 1: Void fraction predictions compared with experimental measurements

This paper presents a comprehensive numerical modelling approach for simulation of three-
dimensional thermal-hydraulics of horizontal steam generator (HSG). The model incorporates
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governing equations including the continuity equations, momentum conservation equations
and energy conservation equations. Two separate fluids are observed: the reactor coolant
flowing through the generator tubes and the feedwater on the shell side [1]. For the shell side,
a two-phase model is employed to separately account for liquid and steam phases, with closure
laws utilized to fulfil governing equations. The numerical simulations are conducted using the
in-house program 3D-ANA, which enables detailed analysis and visualization of flow
phenomena within the steam generator. Through this approach, the complex interplay between
flow dynamics, heat transfer, and phase change phenomena within the steam generator is
captured with high fidelity. Results obtained from numerical simulations are verified through
comparison with experimental measurements. The proposed numerical framework provides
valuable insights into the complex behaviour of horizontal steam generators, facilitating the
optimization of design and operational parameters to enhance efficiency and safety in nuclear
power plants.

Figure 2: Liquid (left) and steam (right) velocity predictions

The investigation of the three-dimensional thermal-hydraulics of horizontal steam
generators has yielded results indicative of notable congruence with experimental data. The
calculated predictions demonstrate a high degree of similarity with observed phenomena,
suggesting the reliability of the employed modelling techniques (Fig. 1). Crucially, the findings
assure the operational safety of the HSG, as evidenced by the absence of local dry-outs within
tube bundles and the maintenance of moderate liquid and steam phase velocities that do not
lead vibration-induced instabilities (Fig. 2). These outcomes underscore the robustness of the
analytical framework employed and emphasize the imperative of rigorous thermal-hydraulic
assessments in ensuring the integrity and efficiency of steam generator systems.
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ABSTRACT

Boiling is an effective heat transfer process for cooling surfaces. It has been widely
investigated due to its application in thermal and nuclear power engineering, as well as in
various equipment in refrigeration and process industry. The complexity of the boiling process
is reflected in the fact that multiple bubbles grow at heated wall and different micro/nano
conditions affect heat transfer mechanisms in contact of superheated liquid and heated wall. In
the literature, numerical modelling of pool boiling is based on common mechanistic wall heat
flux partitioning approach, where all boiling mechanisms such as single-phase convection,
quenching and evaporation exist in the same control volume. In these models, the exact location
of bubbles are not known, so authors cannot predict important boiling quantities such as void
fraction distribution in the pool and the wall temperature under the bubble. The pool boiling
model presented in this paper overcomes the mentioned shortcomings. This model simulates
discrete bubble nucleation sites, a corresponding two-phase mixture pattern over heated wall
surface and, due to the applied conjugate heat transfer modelling, enables insight into transient
temperature field at the heated wall surface (Figure 1).

Figure 1. 3D void fraction distribution in the pool boiling at atmospheric pressure (left),
2D temperature distribution of heated wall surface in °C (middle) and comparison of
measured and calculated average void fraction distribution with pool height.

The numerical procedure takes into account the conjugate heat transfer coupling [1,2] and
it considers the influence of the liquid film thickness in the two-phase mixture at the wall
surface on the heat flux. Therefore, the developed method predicts boiling curves and two-
phase mixture dynamics in the pool boiling, along with temperature transients in the heated
wall. The pool boiling model is validated against experimental conditions and showed that the
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model can predict the void fraction distribution in the pool as well as the mean wall temperature
(1], [2].

The second model presented in this paper is flow boiling model [3]. Numerical simulations
of the flow conditions of the two-phase mixture on the secondary side of the steam generator
are performed due to the efficiency and safety of different types of the steam generators [4].
Therefore, for its reliable operation, it is necessary to look in detail at all flow and thermal
effects that occur. Today, during the development and design of steam generators, more and
more complex requirements are set for generating steam on heating surfaces that are exposed
to high values of heat flux. Such conditions can lead to a critical heat flux, which is
accompanied by thermal and mechanical damage to the heating wall material or dryout and
loss of the heat sink on the cold fluid side. Based on computer simulations of boiling, it is
possible to investigate complex mechanisms that affect parameters and equipment during steam
generation. The model presented here is validated with two experimental installations of
vertical steam generators, one with freon as working fluid and the other with water. The void
fraction distributions for these two steam generators are presented in Figure 2.

Figure 2. 2D void distribution in vertical steam generator - freon working fluid (left), water
working fluid (right).
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ABSTRACT

Hybrid rigid-flexible mechanism is a mechanism composed of rigid and compliant links [1].
Rigid-body joints and flexibility of bendable rods enable the mobility of the hybrid mechanism.
In recent years, these mechanisms have gained popularity thanks to safety, easy interaction and
a large range of motion. However, research in the area of dimensional synthesis of hybrid rigid-
flexible mechanisms are very scarce. This was the motivation for the authors to investigate this
problem more deeply and apply modern optimization techniques in order to solve it.

A hybrid rigid-flexible four-bar linkage whose input link is a continuum tendon of constant
curvature, described in [2], was considered.

The authors solved the problem of synthesis of a hybrid rigid-flexible four-bar linkage to
generate four different types of open paths. The aim of the dimensional synthesis is to design
the geometric parameters of this hybrid mechanism whose coupler point should describe the
motion that will follow the path defined by the appropriate number of precision points. At the
same time, the deviation of the actual path from the desired one, which is defined by precision
points, should be as small as possible. Solving the problem of dimensional synthesis was
carried out by applying the optimization procedure. Design variables, objective function and
constraints were defined for the considered problem, while a modern metaheuristic algorithms
[3] were applied in the optimization process. The efficiency of the applied metaheuristic
algorithms was confirmed on four examples of an open-path generation in the dimensional
synthesis procedure.
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ABSTRACT

The problem of motion of a rigid body about a fixed point is one of the classical problems
of mechanics. The interest in the problems of the rigid body dynamics has increased in the
second half of the XX century in connection with the development of rocket and space
technologies. A spacecraft or satellite, while orbiting about its center of mass, experiences
torques from forces of different physical nature. This includes torques generated by the motion
of internal masses, which can arise from factors such as presence of rotating components (like
rotors or gyroscopes) within the spacecraft or satellite, and the activities of crew members
aboard the crew vehicle.

We develop an approximate solution by means of an averaging method to the system of
Euler's equations with additional perturbation terms for a nearly dynamically spherical rigid
body containing a viscoelastic element in a resistive medium. The asymptotic approach
permits to describe evolution of angular motion using simplified averaged equations and
numerical solution. The main objective of this work is to extend the previous results for the
problem of motion about a center of mass of a rigid body under the influence of small internal
torque (cavity filled with a fluid of high viscosity) or external torques (resistive medium),
constant body -fixed torque and viscoelastic element. This work can be considered as
mainstreaming of previous papers. The advantage of this work is in receiving the original
asymptotic and numerical calculations that describe the evolution of motion a rigid body with
moving mass over an infinite time interval with an asymptotically small error.

We present new qualitative and quantitative results of motion in a resistive medium of a
nearly dynamically spherical rigid body with a moving mass attached to the body by means of
elastic coupling. We obtain the system of motion equations in standard form, which is refined
in square approximation by small parameter. The Caushy problem for the system determined
after averaging is analyzed. Obtained results made it possible to evaluate the dynamical effects
caused by the presence of a moving mass in a resistive medium. The evolution of rigid body
motion is described by the solutions obtained asymptotically and numerically. The importance
of the gained results is due to its applications such in moving mass control, spinning projectiles,
and reentry vehicles.
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ABSTRACT

Washburn’s equation is one of the widely used models for describing rise of a liquid column
in vertical narrow pipes. Usually, it is derived by applying Newton's second law on a control
volume. Our approach was to derive the governing equation using balance laws and clearly
imposed assumptions.

In the case of a cylindrical pipe with constant radius R, we start from introducing polar
cylindrical coordinates and standard orthonormal basis. The fluid we consider is
incompressible with constant density and viscosity. The mass balance law comes down to
divv = 0, due to incompressibility. Furthermore, we assume that velocity field is described
by v = v,e, and Poiseuille flow with no-slip condition at the pipe wall

=v(t) (1 ——)

The derivation of the governing equation is conducted by applying the momentum balance law
in integral form, taking into consideration the mean velocity 7(t) = v(t)/2. Additionally, the
pressure field is assumed to have only z-coordinate, p = p(z). That enables us to balance the
difference in pressure with vertical component of the surface tension. In the end, we obtain
Washburn’s equation

2t PO 2]+ pgh(®) + T (D) 2

where h(t) is height of the meniscus, dh(t)/dt = ¥(t), y is surface tension coefficient, p and
u are density and viscosity, respectively and @ is contact angle of the meniscus and wall of the
pipe. After scaling, this equation is suitable for application of fixed-point theorems to prove
existence and uniqueness of a solution. It is also proven that equilibrium height is
asymptotically stable and that it can be reached either monotonically or oscillatory [1].

In the case of variable radius R = R(z), reduction of the model to a single ordinary
differential equation cannot be achieved unless it is assumed |R'(z)| = |[tan a| < 1, i.e. |a| K
1. In this case, the mass balance law is satisfied up to O(a), divv = 0(a), by the velocity
field v = v,e, + 0(a), where v, is described by the Poiseuille flow

= () (1- ﬁ)

dh(t) dh(t) 2y cos 6

R E}

89



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

Extended Washburn’s equation is again derived from the momentum balance law in the integral
form. Similar problem was studied in [2], but inertial and gravitational effects were neglected.
The final governing equation is then
d [ dh(®) h(t) h(t)

[p—fo R(z)zdz] + pg fo R(2)?dz + 8uh(t)

aclP "at

dn(t) _
= 2R(h(t))y cos 6.
This equation reduces to the usual Washburn’s equation for R(z) = const. In the case of a
converging tube, R(z) = Ry(1 + z/L)~°3, it is numerically verified that the equilibrium height
can again be reached either monotonically or oscillatory, as in the case of constant radius.

The extended equation is scaled as in [1] and solved numerically for two different values of
p3R3g*

dimensionless parameter w = ——>——.
128u2y cos 0

Namely, for w = 0.01 (left) solution exhibits

monotonic approach to equilibrium height, while for w =5 (right) solution reaches
equilibrium in an oscillatory manner.
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ABSTRACT

Time delay often appears in many engineering systems and it may lead to bifurcation,
chaos and even instability, [1]. Control design and stability issues of time-delay systems
(TDS) were widely studied due to the effect of delay phenomena on system dynamics, which
often leads to poor performance or even instability. In the biomechanics of humans, a well-
known fact is due to the human reaction time, which introduces the effect of a time delay
into a control problem. Particularly, it has been obtained that self-balancing models of
standing man can be presented in the form of neutral time-delay systems of the integer
order, where in solving the stabilization problem, feedback control is introduced that contains
a delay (TDTC) and include into account its position, speed, and acceleration [2]. Recently,
fractional calculus (FC) has attracted the increased attention of scientific society where
fractional operators are often used for complex dynamical systems,[3]. Also, fractional-
order dynamical systems have drawn much attention from researchers and engineers over
the past few decades, [4,5], particularly for different kinds of stability. Here, we study the
problem of human postural balance by applying fractional-order TDFC where the
asymptotic stability closed loop of fractional-order neutral time delay systems is studied.

Also, some attention will be devoted to the finite-time stability (FTS)/stabilization problem
of nonlinear fractional-order (uncertain) time-delay systems,[6]. By use of the (generalized)
Gronwall inequality and its new extended form, new sufficient conditions for FTS of such
systems are obtained.

Finally, suitable numerical examples will be given to illustrate the effectiveness and
applicability of the proposed theoretical results.
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ABSTRACT

Orthotropic plates are widely used in engineering structures due to their ability to efficiently
withstand loads while offering flexibility in design. Ensuring the stability of these plates is
crucial for maintaining structural integrity and preventing catastrophic failures. Traditional
methods for analyzing plate stability rely on complex mathematical formulations and empirical
data, often requiring significant computational resources and expertise. However, with the
advent of machine learning (ML) techniques, there is an opportunity to revolutionize the
stability analysis of orthotropic plates by leveraging data-driven approaches to predict stability
characteristics more accurately and efficiently. Integration of Machine Learning in Stability
Analysis: Machine learning algorithms can be trained on a vast amount of data generated from
simulations, experiments, and real-world observations to learn the complex relationships
between various factors influencing plate stability. By incorporating features such as material
properties, geometric configurations, loading conditions, and boundary conditions, ML models
can effectively capture the nonlinear behavior of orthotropic plates and predict their stability
with high accuracy. One of the critical tasks in developing ML-based stability analysis models
is the selection and engineering of relevant features. Features that capture the intrinsic
properties of orthotropic materials, such as elastic moduli, Poisson's ratios, and fiber
orientations, play a crucial role in accurately representing plate behavior. Additionally,
incorporating geometric parameters such as plate thickness, aspect ratio, and boundary
conditions can further enhance the predictive capabilities of the models.

ML models for orthotropic plate stability analysis can be trained using various algorithms,
including neural networks, support vector machines, decision trees, and random forests.
Training datasets can be generated through finite element simulations, experimental testing, or
a combination of both. Careful validation of the models against independent datasets is
essential to ensure their reliability and generalization capability across different scenarios and
boundary conditions.

Despite the promising potential of ML in orthotropic plate stability analysis, several
challenges remain to be addressed. These include the need for large and diverse datasets, the
interpretation of complex ML models, and the integration of uncertainty quantification
techniques to account for variability in material properties and loading conditions.
Furthermore, ongoing research efforts are focused on developing hybrid approaches that
combine physics-based models with data-driven techniques to enhance the robustness and
accuracy of stability predictions.

In the present research, the potential use of several algorithms was investigated for the use
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in orthotropic plate analysis.

Comparing the Stochastic Dual Coordinate Ascent (SDCA), Limited-memory Broyden-
Fletcher-Goldfarb-Shanno (L-BFGS), LightGBM (Light Gradient Boosted Machine), Fast
Tree, and Fast Forest algorithms reveals distinct characteristics for each.

Stochastic Dual Coordinate Ascent (SDCA) is an optimization algorithm tailored for large-
scale convex problems. It efficiently updates dual variables by randomly selecting coordinates,
making it suitable for high-dimensional datasets. However, it requires hyperparameter tuning
and is limited to convex problems.

Limited-memory Broyden-Fletcher-Goldfarb-Shanno (L-BFGS) is a quasi-Newton method
for unconstrained optimization. It approximates the inverse Hessian matrix without computing
it directly and offers fast convergence rates. However, memory requirements increase with the
number of variables, limiting its scalability.

LightGBM is a gradient-boosting framework optimized for speed and memory efficiency.
It employs histogram-based algorithms for split finding, making it highly scalable. While it
offers regularized learning and parallel training, hyperparameter tuning is necessary.

Fast Tree is a decision tree-based ensemble algorithm designed for speed. It supports parallel
training and can handle missing data and categorical features without preprocessing. However,
it may overfit on noisy data and lacks interpretability compared to simpler models.

Fast Forest is a random forest algorithm known for its speed and scalability. It builds
multiple decision trees in parallel, making it robust to overfitting. Despite its flexibility, it may
not capture complex interactions between features as effectively as gradient-boosting
algorithms.

Conclusion:

Machine learning offers a transformative approach to orthotropic plate stability analysis,
enabling engineers to achieve more accurate predictions and faster insights into plate behavior.
By leveraging the power of data-driven models, researchers can advance the state-of-the-art in
structural engineering and contribute to the development of safer, more resilient engineering
structures in various fields ranging from aerospace and automotive to civil infrastructure and
marine applications
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ABSTRACT

The problem of unsteady bulk condensation near the evaporation surface is considered using
various approaches. As shown in [1], the vapour moving away from the evaporation surface is
supersaturated and the degree of supersaturation (ratio of the partial vapor pressure to the saturated
vapor pressure) increases significantly with increasing process intensity. Moreover, even at low
evaporation rates, the degree of supersaturation (S) is greater than one.

It is well known that homogencous condensation process can be realized under these
conditions [2]. The formation of supersaturated vapor in the process of evaporation was
reported in [3] but detail approaches that take into account of homogeneous nucleation
influence on evaporation process intensity is absent in the literature. Some approximate
approaches that estimate the need to consider nucleation in the description of the evaporation
process have been presented in [4].

This study presented different approaches to simulate unsteady evaporation, taking into
account the potential formation of droplets (nucleation process):

1) Combined solution. In this case, the Boltzmann kinetic equation (BKE) was used to
describe the non-equilibrium region near the evaporating surface (Knudsen layer). Outside this
layer the continuum mechanics equation (CME) was used together with the homogeneous
nucleation kinetic equation (HNK). The solution splicing method was used at the boundary of
the Knudsen layer;

2) BKE approach. An approach based on the direct numerical solution of the BKE with a
special velocity distribution function transformation procedure (VDFP), which allows to take
into account the influence of liquid droplets located in the investigated region [5];

3) Molecular dynamics simulation (MD). In this case, the time evolution of the system is
described on the basis of the equation of motion of each atom (molecule) in the studied system.
The condition of minimum energy in the vicinity of the selected point space is used to
determine the particles belonging to the cluster [6].

All the approaches presented have some limitations. For example, the "Combined solution"
gives the possibility to describe the evaporation problem with nucleation processes in a large
region (compare with the mean free path of the vapor molecule). This approach also gives
correct boundary conditions for the continuum mechanics equation in the evaporation problem.
On the other hand, this approach does not take into account the process of liquid droplet
formation in the immediate vicinity in the boundary layer (Knudsen layer). However, this
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possibility is given by the “BKE approach”. Consequently, the joint application of these
approaches can provide more detailed information.

It should be noted that these two approaches may not be valid in the situation where the
degree of supersaturation is high. This is due to the fact that both approaches use the classical
correlation for the nucleation rate. In the cases where the supersaturation degree is large
enough, the radius of the critical droplet calculated on the basis of the classical approach is
reduced. As a result, the situation where the critical droplet consists of no more than ten atoms
or molecules can be realized. It is obvious that the macroscopic description cannot be used in
this case. Also, the classical theory of nucleation also relies on the macroscopic surface tension
to describe the formation of a nano-sized embryo, which inevitably causes the model
inaccuracy. The “Molecular dynamic simulation” method is free from these limitations.

Some results of the application of the presented approaches are presented in Figure 1.

oy (7))

Quantity of clusters

W I8 Mﬂ M’i MMWMM

0 100 400

(a) (b) ©
Fig. 1 (a) — Supersaturation degree (Combined solution). Dashes lines — with nucleation;

(b) — Mass flux density (BKE approach); (c) — MD modeling of cluster distribution
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ABSTRACT

The paper presents an analysis of the horizontal straight-line motion of a single-mass vibro-
impact system with two symmetrically placed limiters in the cases when the external coercive
force and the viscous damping force are known. This paper investigates the periodic motion of
a vibro-impact system, where it is assumed that the period of oscillation is equal to or
proportional to the period of the coercive force. The analysis of the mathematical model of the
vibro-impact system includes the definition of all possible types of motion, as well as the
analysis of the stability of the motion. Obtained results define the areas of existence of periodic
vibro-impact regimes, which allows to ensure the stability of the motion of the vibro-impact
system.

1. Mathematical model of a single-mass vibro-impact system with two limiters
Figure 1 shows a mathematical model of a horizontal straight-line motion of a single-mass
vibro-impact system with two symmetrical limiters.
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Figure 1. Mathematical model of a single-mass vibro-impact oscillator with two limiters

The equation of motion of the system in the interval between two consecutive impacts is:
mx + byX + cyx = F(t) = YK, F; cos(i2t + ;) (1)
The general solution for the differential equation (1) has the form:
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2. Results
Two cases for stability analysis are investigated - when | is odd and when | is an even
number, where | is the multiplicity of the mode.
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Figure 3. Areas of existence of the vibro-impact modes when [=2 (left) and =4 (right)

3. Conclusion

Obtained results show the conditions (areas) of the existence of periodic vibro-impact regimes
and allow to ensure the stability of the movement of the vibro-impact system. For known
distance values, results allow to determine the frequency interval of the implementation of the
vibro-impact process. The construction of the vibro-impact system can be realized on the basis
of the amplitude-frequency characteristic when | is odd (figure 2) and when | is even (figure
3). The aim of this research is to increase the efficiency of the periodic vibro-impact systems,
based on the results obtained from the analysis of the mathematical model of the system.
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ABSTRACT

Nowadays, distributed systems and their applications are omnipresent (mobile and web
applications, etc.). They can be used to model difficult physics and mechanical principles,
improve product design, construct complicated structures, create speedier cars, etc. Distributed
systems are typically characterized by a huge problem size concerning number of computing
devices, clients, requests and size of queries, autonomy and heterogeneity of participating
organizations, and dynamic changes of the environment. To cope with unforeseen dynamics
and a vast number of unpredictable dependencies on participating components, advanced
approaches are demanded. The problems of efficient routing, searching and lookup of
incomplete data in complex distributed systems are challenging tasks and, due to dynamic
nature of the Internet, require to be updated constantly [1].

In order to properly address such a class of problems, efficient routing, searching and
lookup mechanisms in the “underlying” unstructured P2P overlay network should be found.
Generally, unstructured P2P overlay networks support very well dynamics and complex
queries, but the disadvantage is that they do not scale well, which is the starting point for an
improvement. Today P2P services have moved beyond purely internet services. Blockchain
technology evolved from early P2P research and might be seen as its continuation.

However, a starting point for plugging adequate and efficient algorithms for routing,
searching and lookup is to model and define a P2P resource. Mathematical models are always
created with a focus on a particular problem, so that for each problem an applicable model can
be developed. Since the created models may present different levels of abstraction from the real
system, the required abstraction level can be predefined before the model building [2].
Therefore, a model for P2P resource definition is presented.

A resource in the P2P system is defined as a combination of content and its meta-data [1]. For
simplicity, let us suppose that if two resources have the same content, then their meta-data is
equal as well, and vice versa.

Let S={D1, D2, ... Dk} be a set of k sets, ke 7V, which contain values of different data types.
Each set in S contains a zero element, which is denoted as nil. A resource is defined as an ordered
n-tuple r = (ry,re,...,fn), Ne NV, k<n, re D, xD; x..xD, , where D, € S, and rj # nil. The sets in

S define the data type of each element in the resource, and the constraints imposed on it. A
search query is modeled in exactly the same way, with the only exception that each ri can be nil,
but not all of them together. The latter constraint is imposed in order to prevent retrieving all
existing resources in the P2P network.
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In order to fulfill the requirement that the lookup/search mechanism should be able to find
similar objects [ 1], similarity functions are introduced. The position of each element ri in a given
resource I = (I, I2, . . . 'n) determines the “meaning” this element has to users, as it can be seen
from the example above. Therefore, similarity functions between objects at different positions
may differ, even when these objects belong to the same set from S.

Letr=(ri, r2, ..., m),ne /V, ri € Dij,is aresource. The similarity function &i is defined
as & :DixDi— R and (Vri) &i(nil, ri) = 0. The function itself is normalized, (i.e., the range
of & is in the closed interval [0,1]. Without loss of generality, the similarity of objects is
inversely proportional to the function's value, hence higher values indicate lower similarity. The
similarity between resources and queries are defined as follows. There can be different
approaches to that problem. It is possible to use heuristics, and have weights associated with
each element in a resource. For the purpose of this research, the similarity function between
queries and resources averages the similarity functions associated with each element in the
resource:

Z 5i (ql El r.i )
f(gr)="——
n
where g = (01, g2, . . . On) is a query, I = (I'1, I'2, . . . I'n) is a resource, NeN, and 4 is a similarity

function, defined for position i. It follows, from the definition of f, that fe [0, 1].
Further, a parameter ¢ > 0, ¢€R determines the quality of the found data. Three result types can
be defined [1] for query g and resource r:

eno data: f(q,r>¢

* acceptable data: 0 <f(qg,r)<e

* exact data: f (q, 1) =0

If a peer node has multiple resources, then all resources which are evaluated by applying the
given query as acceptable, or exact, can be part of the result set. There exists a similarity
function for each domain. Following the model described, arbitrary number of parameters can
be added to the resource definition. On the top of this, different intelligent algorithms (e.g.
swarm—inspired algorithms) for lookup and search or routing can be plugged.
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ABSTRACT

In the modern age, robotics is gaining an ever-increasing role in shaping modern life, hence
why innovations are increasingly more directed towards this interdisciplinary scientific field.
The structure of a robot is complex and with a plethora of different ways to construct and
control it, here we provide an elegant geometric approach for achieving the desired task by
using screw theory [1].

As proved by the Chasles-Mozzi theorem, all motion can be obtained by a rotation around
a fixed screw axis and a translation along the same which lends itself naturally to the
representation of motion by screws. This is attained by an exponential coordinate
representation where given a screw axis and an angle we may find a matrix defining our motion
from a given coordinate frame. But why stop there? Not only motion, spatial velocities and
forces are defined within screw theory as twists and wrenches that act on inertial coordinate
frames attached that are instantaneously coincident to a fixed or even possibly moving frame.

However, unlike other ways of describing a robot's motion such as the Denavit-Hartenberg
method which has an excessive amount of coordinate frames, or the use of Euler angles (in
combination with position vectors) which have singularities at points, screw theory uses a less
cumbersome mathematical apparatus and uses implicit representations thereby avoiding
singularities. The mathematical foundation of screw theory lies on the foundation of the SO(3)
and SE(3) Lie groups and their algebras so(3) and se(3) which represent rigid body rotations
and motions in three-dimensional space respectively.

By far, the largest part of screw theory is rooted in linear algebra which ties in nicely to
implementation in practice. Everything described in this paper will be implemented using
Python and the Robot Operating System (ROS) on a six-degree-of-freedom robot manipulator
Niryo One. In Fig. 1(a) we have the basic geometric description of the Niryo One robot where
we have the position of each joint and its direction of rotation. Next, we define a fixed space
frame at the bottom of the robot and a moving body frame at the end-effector. Putting this all
together we have a kinematic diagram as shown in Fig. 1(b).
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a) b)

Fig. 1: Niryo One manipulator: a) Position and direction of rotation of the joints where J;
is the i-th joint, b) Kinematic diagram

In robot kinematics, we use the Product of Exponentials to determine the forward kinematics
of a robot-given a set of joint angles, find the representation of the end-effector. While this is
straightforward, a more interesting problem which has garnered a lot of interest and is being
actively researched is the inverse kinematics-given a representation of the end-effector, find
the joint angles that correspond to it. There are two main ways of solving this problem,
analytically and numerically, both of which have their advantages and drawbacks. The Paden-
Kahan subproblems [2] seek to break apart the inverse kinematics into subproblems that have
a known analytical solution. On the other hand, fundamental to numerical nonlinear root-
finding is the Newton-Raphson method which can find approximate solutions within a given
tolerance. But analytical solutions, if they exist, may not always have a closed-form solution
or their computation may be quite involved. The numerical approach, while usually efficient
and precise to a practically arbitrary degree, may not always converge with a given initial value.
Here we suggest a synergetic approach for robots that do not yield to Paden-Kahan
subproblems by a slight amount. It involves finding an approximate analytical solution using
the Paden-Kahan subproblems and using that as an initial value for the Newton-Raphson
method.
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ABSTRACT

Gear tooth profile has a substantial impact on the main operating parameters of gear pairs.
By the suitable modification of the tooth profile, the vibration and noise of the gear system can
be reduced greatly. In the present study, four recent smart methods are employed to select the
optimal geometry parameters of a cylindrical spur gear. The optimization problem is prepared
for three mixed design variables consisting of the profile shift coefficients and the normal
pressure angle. There are three objectives including the maximum specific sliding, velocity
sliding, and nominal tooth root stress of the pinion. The kinematics, as well as the geometric
conditions such as contact ratio, the thickness of the tooth, and the interferences, are taken into
account to grant an optimum design of the spur gear. The simulation results reached in this
paper indicate clearly that the utilized algorithms are very competitive in precision gear design
optimization.
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ABSTRACT

In this work, gear tooth wear under conditions of lubricant starvation is modeled using
Archard's equation, employing predictions of the contact stress field for the generalized case
of misaligned triaxial ellipsoids corresponding to the localized contact of the gear teeth. The
kinematic and geometric analysis is based on a generalized exact tooth contact model, which
provides rapid unconditional convergence of the numerical solution. Using this model for the
case of a pair of helical gears, tooth wear is predicted under an approximation of quasi-static
conditions and thermal steady-state. The effect of different lubrication conditions within the
boundary lubrication hypothesis is considered in a parametric study.
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ABSTRACT

Taylor-Couette flows designate flows in the gap between rotating cylinders or spheres
and appear in diverse settings, such as in various industrial processes, water, oil and gas
wellbores, or in meteorological, geophysical and astrophysical systems. The stability of these
types of flows is an issue of considerable importance and the subject of a great number of
theoretical and experimental investigations [1]. In recent times, a number of contributions
have been published which treat Taylor-Couette flows of viscoelastic fluids while assuming
various types of constitutive laws [2].

In this contribution, we will present the theoretical treatment of the Taylor-Couette flow
of a viscoelastic fluid undergoing solidification caused by photopolymerization due to
irradiation by an external light source. This phase transition causes the mechanical response
to evolve from a purely viscous to a purely elastic. We will assume the extent of
polymerization to be a function of both position and time. In doing so, we will adapt the
treatment presented in one of our previous contributions concerning plane Poiseuille flow of
a variable-order viscoelastic fluid [3]. We will assume photopolymerization to be a simple
addition reaction unaffected by mechanical response, with the luminous flux driving the
reaction consisting of a radial and axial component while being governed by the Beer-
Lambert law. We will assume a variable-order model of viscoelastic response resembling
the model relevant for polymer solutions derived by Bagley and Torvik [4], with the term
determining the position- and time-dependent component of the response proportional to a
variable-order Caputo-type temporal derivative acting upon the strain [5]. The order
parameter appearing in the Caputo-type operator is directly related to the extent of
polymerization. A model of this type requires fewer experimentally determined material
constants compared to the integer-order models of viscoelasticity and enables clear coupling
between the process of phase transition and the mechanical response.

We solve the problem with a semi-analytical approach which involves performing the
Laplace transform over variable-order terms, and obtain physically sound solutions. This
means that the tangential velocity component exhibits characteristics of viscous flow in the
part of the domain where the extent of polymerization is low and diminishes in magnitude
where it is high. We also conjecture that the flow exhibits viscoelastic instabilities whose
dependence on time and position depends on the direction in which the luminous flux
propagates in relation to the axis of rotation.
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ABSTRACT

Korteweg fluids are the prototypical models which provide appropriate continuum
description of diffuse interfaces or capillary effects [1]. Nonlocal interactions of the molecules
in the interface are modelled by the mass density derivatives in the equilibrium (reversible)
part of the stress tensor, which capture capillary effects.

Derivation of a thermodynamically consistent model for Korteweg fluids is a challenge due
to the presence of capillary stresses. It may be approached using classical Coleman-Noll
procedure [1] or some of its variants [2]. Another possibility is to apply the Liu method of
multipliers [3] which requires certain generalization due to the presence of density gradients.
It is shown that these two approaches are equivalent [4] and recent study [5] presented one
possible solution to this problem. In this study we present derivation of the nonequilibrium
model of Korteweg fluids using Liu method of multipliers.

Governing equations for Korteweg fluids consist of the conservation laws for mass,
momentum and energy, and the additional conservation law for the density gradient derived
from the mass conservation law (summation with respect to repeated indices is assumed):

p d

— + —(pvj) =0, (pv ) + (pv v — ”-) =0,
6 2 2
at( plv| +Pe) ox, [<—P|v| +pe>vj_tijvi+CIj] =0,

66p+6 dp N v; _0
atox;  ox\ox; ) Pox;)

These equations have to be compatible with the entropy balance law:
(ps) + (psvj + (pj) 2 >0.

Liu method of multipliers treats the governing equations as constraints and absorbs them into
extended entropy balance law by means of multipliers:
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Extensive analysis of the generalized entropy balance law yields the set of equations—
compatibility conditions—which determine the multipliers:
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The remaining part-residual inequality—first yields the entropy flux which inherits capillary
effects:

1
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Minimization of the entropy production X in equilibrium leads to the equilibrium stress tensor
(and heat flux) which recovers the capillary stresses:
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Nonnegativity of the entropy production in nonequilibrium yields linear constitutive relations,
which recover viscous stress tensor and generalized form of the heat flux:

da(p,8)|dv; dp
00 | 0x;0x)

a6
qr = _Ka_ - [Q(P' 9) -0
Xk

Liu method of multipliers for the first time led to the recovery of nonequilibrium model of
Korteweg fluids in generalized form presented above. Material parameters are determined by
the function a(p, ®) which can be chosen to adapt to a particular fluid, which is also a new
result.
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ABSTRACT

Picking the right geometric parameters for the cross section of an auto crane articulated
boom is a complex and tedious iterative process. These geometric parameters, such as type,
width, height, and plate thickness of the cross section influence the behavior of the articulated
boom, especially deflection. Metaheuristic optimization algorithms can be employed to
accelerate this process. The optimization algorithm was used for picking geometric
characteristics of the members of a three-segment articulated boom (Figure 1), where each
segment is consisted of a box cross section with different parameters (Figure 2). Constraints
were defined in such way the height of the cross section cannot exceed the triple width of the
cross section, and the whole structure should not exceed the set value of deflection. The
mathematical model for calculating the deflection was derived using the second Castigliano’s
theorem in function of the weight of the payload. The position of the structure in which the
deflection takes the highest value was detected (Figure 3), and for that position the optimization
was conducted. The goal of the optimization process was to find geometric characteristics of
the cross sections of minimal total mass for the set maximal deflection value. Two optimization
algorithms were used: Differential Evolution algorithm (DE)[1], and Search and Rescue
optimization algorithm (SAR)[2]. The value of set maximal deflection was 5 cm, the payload
was set to be 2 kN, the material was set to be structural steel for all three segments. The results
of the optimization are shown in Table 1. The verification of the results was completed using
finite element method.

Table 1. Results of the optimization

k B, 61 B, 8, | B3 | 63 | Max. deflection | Total mass

- mm | mm| mm | mm | mm | mm mm kg
DE 2958|1746 | 3 |1674| 3 |150| 3 ~ 50 565,6141
SAR | 2,986 | 1735 3 1657 ] 3 |150] 3 ~ 50 565,4616
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Figure 1. Auto crane articulated boom model Figure 2. Cross section with important
geometric characteristics

Figure 3. Deflection of the auto crane articulated boom for the optimized cross section
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ABSTRACT

How do we obtain purposeful information from the data representing a complex system
in order to unravel and interpret information about its hidden substructure and complexity?
Research areas such as physics, social, biological, and informational sciences struggle with
the same question. Answering this question can help us get closer to resolving relevant
problems about extracting the most important properties and degree of complexity of a
complex system.

Studying the Shannon information entropy [1] and entropy-like measures combined with
the apparatus of algebraic topology [2] can be one way of characterizing the dissimilarity of
hidden substructures embedded in a complex network.

Concepts of algebraic topology and information theory are applied in various complex
systems. In order to resolve the problem, different entropy-like measures are proposed: for
the cohomological nature of information [3], topological entropy [4], higher-order spectral
entropy [5], persistent entropy [6,7], and multilevel integration entropies [8,9]. A few of
the proposed entropies are given as vectors to capture the distinguishability of different
layers of the substructure of a complex network.

A simplicial complex, mathematical object originating from algebraic topology, is used
to analyze and extract information on hidden substructures of a complex network.
Simplices in simplicial complexes merge elements from the underlying complex network
in sets using a meaningful relation depending on the information we want to obtain from the
system.

This work presents an overview of the importance of entropy-like measures derived within
the algebraic topology used in complex systems analysis and a qualitative interpretation of
what they represent. The other part concerns meaningful information that can be obtained by
combining the rich methodology from algebraic topology and the study of information
entropy.
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ABSTRACT

Finding inexpensive but reliable ways to measure Soil Organic Carbon (SOC) is essential
for maintaining costs of Carbon Credit implementation low. Reflectance spectroscopy has
emerged as an important rapid and low-cost complement to traditional wet chemical analysis.
The advent of low-cost, portable and handheld spectrometers operating in the visible and near-
infrared (VNIR) range and realized using micro-electromechanical systems enables the rapid
and non-destructive measurement of a soil’s reflectance spectrum. The VNIR spectrum of a
soil sample portrays the physical and chemical chromophores present within. Machine learning
(ML) techniques can infer from a VNIR spectrum key physical and chemical parameters with
good levels of accuracy which are instrumental for the health of the soil ecosystem, including:
soil organic carbon, particle size distribution, electrical conductivity, pH, total nitrogen and
more.

The main objective is to fit calibration models and/or adopt the standard international
models to assist with the conversion of soil spectroscopy data to analysis-ready soil data. ML
techniques are extensively used to produce digital soil maps in recent times. Since the sample
of the target variable is the basis for mapping, its size and spatial pattern play a key role in the
resulting soil map accuracy. A sample used for fitting training a machine learning algorithm is
referred to as a calibration sample [1, 2].

While modern deep learning methodologies predominantly rely on feature extraction
through convolutional and pooling layers, prior problem-specific feature extraction techniques
offer notable advantages. These techniques enhance model accuracy and concurrently
diminish model complexity by directing the learning process towards pertinent covariates [3].
However, recent studies [5] have proved the superior performance of Convolutional Neural
Networks (CNNs) over traditional methodologies such as ratio indexed-based linear
regression, partial least squares regression and CUBIST.

A diverse array of measurement techniques yields datasets characterized by varying
probability density functions across specific signal channels. This variability stems from the
in-situ driven labeling procedure inherent to spectral measurements, resulting in datasets that
differ not only in size but also in accuracy. Consequently, the architecture of a deep neural
network cannot be universally tailored to accommodate all datasets and use cases a priori.

In this study, we propose leveraging swarm intelligence [4,6] for hyperparameter
optimization within deep neural networks tasked with estimating soil organic carbon levels. By
contrast, we compare our approach to conventional methods such as random and grid search
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hyperparameter optimization techniques. Our methodology targets the optimization of several
critical parameters, including the number of convolutional and fully connected layers,
dimensions of convolutional and max-pooling filters, channel quantities, dropout rates, and the
number of hidden units within fully connected layers.
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ABSTRACT

Predicting the performance of steam boilers is important to enable efficient operational
monitoring and appropriate control strategies. The operation of such plants can be both steady-
state and transient, with operating parameters changing according to the requirements of the
technological process. The establishment of accurate mathematical models to predict boiler
efficiency encounters a variety of problems related to the degradation of certain operating
parameters and changes in steam production. Due to the inherent flexibility, adaptability, and
robustness of neural network models, developers can take advantage of these benefits to create
more accurate predictive models for boiler efficiency over time, that achieve comparable or
even higher accuracy than conventional techniques. The aim of the neural network model
presented in this paper is to predict the directly calculated boiler efficiency based on
experimental data from existing steam boiler running on natural gas as fuel.

To overcome this challenge, two well-known machine learning techniques are compared:
Feedforward 3-Layered Neural Network (2-5-2) with Levenberg-Marquardt algorithm and
Adaptive Neuro-Fuzzy Inference Systems (ANFIS) with hybrid algorithm. The input datasets
are the temperature of the generated steam and the steam production (mass flow rate). The data
set is divided as follows: 70% of the data is used for training, 15% for validation and the last
15% is used for testing. The training set is used to train a machine learning model by exposing
it to examples with known outcomes. The validation set is used to fine-tune the model
parameters and to avoid overfitting, while the test set evaluates the model's performance on
unseen data.

Error histograms and high correlation coefficients — which have been shown to be greater
than 0.9 even for the test data sets — were used to evaluate the effectiveness of the presented
machine learning techniques. In addition, thorough analyzes and justifications of the results
obtained are provided, offering important new perspectives for the practical implementation of
these methods. In order to predict operating costs, one must be able to determine the actual
efficiency of steam boilers with a reasonable degree of accuracy.
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Figure 2. Neural network results: Regression plot and error histogram

Figure 3. ANFIS results: Regression plot and error histogram
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ABSTRACT

In order to design the optimal composite structure of a contemporary unmanned air vehicle
(UAV) with vertical take-off and landing (VTOL) capability, a finite element (FE) model was
developed and incorporated into an optimization cycle. Structure is assumed as a layered
carbon-fiber shell, whose lay-up sequence (defined by layer thicknesses and orientations) is
optimized by genetic algorithm (GA). As illustrated in Fig. 1 (left) the beam is constrained at
places corresponding to connections with the wing, and forces are introduced at one end,
simulating worst-case scenario (e.g. a sudden impact). The goal function is the minimal mass,
whereas different constraints (such as failure criterion, or maximal strain) are imposed. The
population is made up of 100 individuals, that are matched and crossed for 50 generations, until
converging to the optimal solution, as represented in Fig. 1 (right). The proposed methodology
can significantly facilitate and accelerate the design process of composite structures present in
aerospace engineering.

Figure 1. FE model (left), Convergence towards optimal solution (right)
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ABSTRACT

In order to design a composite beam of a contemporary unmanned air vehicle with vertical
take-off and landing capability, a finite element (FE) model was developed. Structure is
assumed as layered carbon-fiber shell, and is supposed to endure aerodynamic and gravitational
loads. The composite beam was manufactured and experimentally tested in accordance with
the expected operational load regimes (corresponding to 30%, 50%, 70% and 100% throttle).
Static forces, simulating two thrust forces generated by propellers connected to electric engines
and loads from the tail surfaces, were introduced as illustrated in Fig. 1 (left). Strain was
measured at six locations distributed along the beam. A very good comparison between
numerical and experimental results is achieved. Slight discrepancies can be attributed to
manufacturing omissions, insufficient knowledge of mechanical properties of the laminas
making-up the composite structure, and simplifications and idealizations of the numerical
model.

Figure 1. Experimental set-up (left), Obtained results (right)
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ABSTRACT

This paper describes development of computational mechanics, inevitably related to Prof.
Dr. Mladen Berkovi¢ (1936-1999). Due to his early efforts and achievements in 1970-ies,
computational mechanics has been established in Serbia as sound scientific discipline, based
on continuum mechanics and mathematical modelling of engineering problems by using the
finite element method. His main contributions have been in solving linear and non-linear static
and dynamic problems, especially thin plates and shells, as well as thermomechanical and
fracture mechanics problems. His untimely death in 1999 prevent him from introducing the
extended finite element method to simulate fatigue crack growth, which would have made the
complete tool to solve all common structural engineering problems.
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ABSTRACT

When performing a landing site selection mission, the vehicle performs hovering and
moving maneuvers at a constant altitude and hovering to inspect a potential destination. In [1],
the problem was studied in a close formulation for the choosing of a landing site on the surface
of the Moon. It was shown that the problem reduces to the Brachystochrone problem with
restrictions on the angle of inclination of the trajectory.

The equation of motion are as follows: X = v, V = cu —kv?, & = g1+ 1%,

where X is the horizontal distance, V is the velocity of the vehicle, & is the fuel
expenditures, u is the thrust, ¢, k, g are constants. Initial and final conditions for variables
are given except the value of £(T). Control function is subjected to inequality | x |< zz, where
M is positive constant. The aim of the control is to minimize the value of &(T) at a given final

moment.

The Pontryagin maximum principle application allows to reduce the optimal control
problem to a boundary value problem for a system of nonlinear differential equations. The
research of the system is carried out by methods of qualitative analysis. The number of the
extremal arcs with boundary and intermediate control and the sequence of these arcs are
established. The methodology of the study using the phase portrait analysis and the analysis of
the first integral was previously used in [2] for the Brachystochrone problem with constraints
on the angle of inclination of the trajectory in a medium with resistance.
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ABSTRACT

Due to its reliability and efficacy, the finite element method (FEM) is considered to be one
of the most successful numerical methods, which is widely applied in science and engineering
for structural analysis. Besides its wide application in engineering practice, the standard FEM
has certain limitations. Linear triangular and tetrahedral finite elements result in very stiff
behavior and a very low rate of convergence which stems from the constant stress field. In
addition, the FEM model exhibits sensitivity to distorted isoparametric elements, during the
use of which the Jacobian matrix is badly conditioned, leading to poor solutions and even the
breakdown of the computation process. Moreover, considering the C° continuity of shape
functions, the stress field across the element boundaries is discontinuous.

Great efforts have been invested to develop numerical strategies that may be used to
overcome the abovementioned problems. In this manner, the smoothed finite element method
(S-FEM) [1] is created, and it is used to modify the compatible strain field, by applying the
gradient smoothing approach in the FEM, originally employed to stabilize the nodal integrated
Galerkin meshfree methods [2]. Depending on the applied scheme for creating smoothing
domains on top of the element mesh, a series of S-FEM methods has been developed [1].
Integration in the S-FEM methods has significantly been simplified by applying Gauss’s
divergence theorem, by means of which the domain integration is transformed into the
boundary integration. The formulation of S-FEM methods requires the shape function values
only, not their derivatives. Therefore, the Jacobian matrix is not needed, due to which
isoparametric mapping is avoided. Significant properties of the S-FEM methods complete with
their diverse application were discussed thoroughly in [1].

Bearing in mind all the advantages of the S-FEM methods, including the ones related to
enhancing the convergence behaviour of 3-node triangular and 4-node tetrahedral finite
elements [1], the only elements the mesh of which can be automatically generated even when
it comes to extremely complex geometry, the S-FEM methods are expanded to solve problems
involving discontinuous and singular physical fields. Coupling the strain smoothing with the
partition of unity enrichment led to the formation of a series of new methods [3.,4], which
exploit the advantages of not only the S-FEM method, but the extended finite element method
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(X-FEM) as well. By transforming the internal integration into the boundary integration, the
subdivision of elements intersected by discontinuities was not found to be necessary [3]. In
addition, since the derivatives of shape functions in the S-FEM method are replaced by the
shape functions multiplied by the component of the outward unit vector on the boundary, the
singular term integration 1/, which occurs in the derivatives of near-tip enrichment functions
(branch functions), is eliminated during the computation of the stiffness matrix in the fracture
mechanics.

To improve the accuracy of 3-node triangular and 4-node tetrahedral finite elements, a new
strain smoothing method, coined the strain-smoothed element (SSE) method [5], has recently
been proposed. The strain field of such elements is constant, whereas by applying the S-FEM
methods the piecewise constant strain fields are constructed through smoothing domains. In
the context of the SSE method, a linear strain field is constructed in the elements themselves,
by utilizing the constant strains of the adjacent elements. A significant characteristic of the SSE
method is the lack of creation of special smoothing domains. Therefore, the standard FEM
framework is maintained. To the best of the authors’ knowledge, the SSE method has been
successfully developed for the polygonal finite elements at last [6].

A numerical analysis was conducted within this particular research in order to provide a
comparative presentation of the accuracy of linear and quadratic tetrahedral finite elements,
implemented within the PAK and Nastran program packages, compared to the 4-node
tetrahedral finite element of the corrected strain field [S]. The 3D problem, known as the Lame
problem in the literature [5], was analyzed. The obtained results demonstrated that the corrected
elements, even in case of extremely coarse mesh, were achieving a considerably higher level
of accuracy compared to the linear elements. When comparing the quadratic and corrected
tetrahedral finite elements, a slightly enhanced convergency of the quadratic element was
observed. Since the shape functions of these two elements were not in the same range, the
elements were described as the ones with various degrees of freedom, meaning that it was
completely expected to see the quadratic element converging in a slightly faster manner
towards the reference solution. The results of the program packages were well-aligned.
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ABSTRACT

Shape Memory Alloys (SMA) are smart materials that can exhibit superelasticity and shape
memory effects. The same alloy can show both responses depending on the environment's
temperature. The superelasticity occurs at a temperature above the austenitic finish. In practical
applications like actuators and sensors, superelasticity is mainly exploited where many cycles
can be expected. The investigation of SMA device failure is essential for the application,
especially for responsible parts such as coronary stents or actuators in airplanes.

Fatigue is the primary mechanism behind fracture occurrence in structures exposed to cyclic
loading. This is particularly true for SMA devices operating in the superelasticity regime,
which are subjected to several thousands of cycles. Cracks are initiated from micro-voids and
micro-cracks in the material, and due to the repeated loading-unloading, the fracture occurs.
This underscores the urgent need to address fatigue in SMA devices. Phase-field damage
modeling (PFDM) can be a powerful tool in this regard, as it allows for the simulation of crack
initiation, evolution, and propagation in various materials. SMA modeling, widely known in
literature [1], offers promising solutions, with the Lagoudas model being one of the most
popular constitutive models, modified and extended for application to large strain theory and
thermo-mechanical coupling conditions by Duni¢ [2].

One of the recent papers [3] covers the subloop loading condition of SMA and damage,
which increases mainly during elastic loading. In contrast, martensitic transformation does not
increase it and can be neglected. As it is presented in that paper, the evolution law of the damage
phase-field needs to be modified as follows [3]:

f(@)6, [d-1vid |+g'(d)y =0, (1)
where |, is the characteristic length, d is the damage variable, g'(d) is the derivative of the

damage function, y is the strain energy density, and f (& ) is the fatigue function [3,4]:

1 if a<o
f(a)= : . 2
(@) (—_Z“T J if @>a @
a+a;

In previous equation, o; represents a value of fatigue history variable &, below which the
fracture energy G, remains unaffected [5]:

O :E. (3)
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The fatigue history variable increases only during the loading and it can be computed as [3-5]:
t+At

g ='a+ [ H(aa)ddr )
t
Fig. 1 Boundary and loading conditions — Fig. 2 Stress vs. Strain and Damage vs.
Unit cube Strain for three loading — unloading cycles

As shown in Fig. 2, the strong influence of damage increase can be noticed. The stress-strain
curve decreases after each cycle, while the damage value increases in the loading branch and
is kept constant during unloading. The presented example is simulated using general material
constants from the literature [1] to show the possibility of simulating phenomena.

The research was supported by the Science Fund of the Republic of Serbia, #GRANT No 7475,
Prediction of damage evolution in engineering structures - PROMINENT and by the University of
Kragujevac project for young scientist Developing the procedure for damage simulation in metallic
structures due to cyclic loading - DEEDS.

REFERENCES

[1] Lagoudas D. (2010) “Shape Memory Alloys: Modeling and Engineering Applications,”
Springer

[2] Duni¢ V. (2015) “Development and implementation of thermo-mechanical constitutive
model for numerical analysis of shape memory alloys,” PhD thesis, Faculty of
Engineering, University of Kragujevac, Serbia

[3] Duni¢ V., Matsui R., Takeda K., Zivkovié¢ M. (2024) “Phase-Field Damage Simulation of
Subloop Loading in TiNi SMA,” International Journal of Damage Mechanics,
doi:10.1177/10567895241245859

[4] Carrara P., Ambati M., Alessi R., Lorenzis, L.D. (2020) “A framework to model the
fatigue behavior of brittle materials based on a variational phase-field approach,”
Computer Methods in Applied Mechanics and Engineering, 361:112731

[5] Simoes M., Martinez-Paiieda E. (2021) Phase field modelling of fracture and fatigue in
shape memory alloys,” Computer Methods in Applied Mechanics and Engineering,
373:113504

126



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

DESIGN AND DEVELOPMENT OF AN AUTONOMOUS ROBOT FOR
LINEMAN ASSISTANCE

*
Uttam Kumarl, Hemant Raj Singh2 and Krishna Kant Pandey3’

! School of Engineering Ajeenkya D.Y Patil University, Pune, India

2Mechanical Engineering, Manipal University Jaipur, Jaipur, India 303007
*Mechatronics Engineering, Manipal University Jaipur, Jaipur, India 303007

tyttam.kumar@adypu.edu.in; *hemant.singh@jaipur.manipal.edu; *"kknitrkl@yahoo.in
ORCID iD: '0000-0002-7591-9754; 20000-0002-1662-4411; 30000-0002-5669-5951

Keywords: Lineman Assistance, Robot, PID Control, DIP based Algorithm.

ABSTRACT

Workers engaged in outdoor maintenance and inspection, tasked with identifying and
reporting mechanical failures in high-tension electrical wires carrying lethal voltages,
frequently encounter high-risk factors that pose physical or electrical health hazards. This
requires regular or semi-regular maintenance cycles that cost a lot of money and time. The most
widely used means to transmit electricity is through transmission lines. These power lines are
susceptible to adverse weather conditions in various locations. Workers climb the poles and
manually check if any faults occur in power lines, and this makes their lives riskier. It also
interrupts the power supply. A robot-based inspection makes this task easier, more efficient,
foolproof, and safe. By operating in both day and night cycles, the robot reduces maintenance
time by 6 months. The robot will detect any breakdowns, transmit the breakdown parameters
to the store, and process them on the cloud with the assistance of the Digital Image Processing
(DIP) based algorithm. A comparative study between published work with proposed work has
been projected. Based on comparative study results are depicted. The results of the proposed
work have less error as compared to existing work and it is recorded as less than 8%. Increase
in efficiency of the proposed system has been increased by 20%.
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ABSTRACT

This paper presents an improving quality management system for sustainable modern
building integrating with BIM (building information modelling). The approach to the
environmental quality of buildings, initiated since the 1990s by the actors of the construction
sector, is currently undergoing a paradigm shift towards an assessment of the building's
environmental performance. Due to global environmental concerns, increasing sustainable
design has become a main building design goal in recent years. Sustainable development is
even more urgent in the light of global climate change. This thesis aims to examine the
contributions that building information modelling (BIM) can make to the production of
sustainable building designs. Mainly, the case study consists of transforming the energy
resource based on coal to another resource of renewable energy like photovoltaic with heat
pump which is not only economic but also protects the environment. Therefore, a BIM tool is
needed, Revit and Archicad Structures were selected. BIM is found to be ideally suited to the
delivery of information needed for improved design and building performance. The two most
significant benefits of BIM for sustainable building design are: integrated project delivery
(IPD) and design optimization. However, there are also barriers to adopting BIM for
sustainable design. Indeed, to continue to be more ambitious in my project, it is now necessary
to examine the entire Building cycle and other environmental and health issues. There are four
parts in this paper:

1- The first part of this research is to conduct a field survey, which concerns the acceptance
of the design sector worldwide to the principles of sustainability in buildings and quality
management system in sustainable buildings design.

2- The second part is to study the effect of application of sustainable energy technologies
system in buildings; in this case, we mentioned techniques of application of the sustainable
building design with BIM in projects.

3- In the third part, we proposed a new approach for integrating sustainable building design
with building information modelling (BIM) is proposed which is presented as a case study.

4- In the fourth part the results by integrating sustainable building design with BIM are
included.
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ABSTRACT

Osteoporotic bone loss is a serious health concern for the clinicians as it changes the
bone architecture and also reduces the bone strength which promotes bone fractures risk.
Physical exercise such as normal/daily stress/strain and interstitial fluid flow within the bone
tissue is found beneficial in inhibiting osteoporotic bone loss. Interstitial fluid flow through the
lacuno-canalicular channel acts as a primary stimulus for cortical bone adaptation. In vivo
studies have shown that mechanical loading in the form physical exercise improves the
interstitial fluid flow within the LCS of bone tissue. Nevertheless, the exact mechanism which
enhances the fluid motion essential for osteogenesis in response to mechanical loading remains
unclear. Accordingly, present study attempts to compute the uniaxial loading induced non-
Newtonian canalicular fluid flow in a complex 2D lacunar-canalicular channel. Present study
also considers canalicular fluid as a Jeffery fluid model, that can easily be reduced to Newtonian
fluid as a special case. Result shows that the mechanical loading modulates the canalicular fluid
flow, wall shear stress and streamline in bone tissue. Interstitial fluid flow and wall shear
stress increases with increase in non-dimensional frequency and non-Newtonian parameter
(Jeffery fluid parameters). The outcomes of the present study may provide new insights in
field of orthopedics by improving the understanding of bone physiology and for preventing or
treating bone loss related conditions.
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ABSTRACT

Euler-Bernoulli and Timoshenko beam theories are widely used in machine design to predict
the transverse deflection and vibration of axles and shafts. The applicability of these beam
theories depends on the fulfillment of a set of assumptions, which are mainly related to the
displacement field of the cross section of the beams: Timoshenko beam theory assumes that
cross sections remain plane throughout the deformation of the beam, while Euler-Bernoulli
beam theory assumes that cross sections remain plane and perpendicular to the neutral axis of
the deformed beam.

Both Timoshenko and Euler-Bernoulli beam theories have proven valid to predict the
transverse deflection and vibration of shafts that can be modeled as slender prismatic beams.
In contrast, for short prismatic shafts that cannot be modeled as slender beams, one can only
rely on Timoshenko beam theory, because in these cases the assumptions of Euler-Bernoulli
beam theory are not fulfilled, and it could lead to inaccurate results.

There are some other scenarios where the assumptions of these beam theories are not
fulfilled. One of them is the presence of abrupt changes of section along the shafts modeled as
beams, because the cross section of the deformed beam does not remain plane nor
perpendicular to its neutral axis in the vicinity of an abrupt change of section. Thus, in these
cases, applying any of these theories to predict the transverse deflection or vibration of the
shafts will yield inaccurate results, which may lead to premature failures or invalid machine
designs.

Unfortunately, machine shafts often present these abrupt changes of sections, either because
of the geometrical design of the shafts (stepped shafts) or because of the presence of gears,
pulleys, etc. assembled over them. For this reason, in this work the limitations of the beam
theories to predict transverse deflection and vibration of stepped shafts are explored, aiming to
find simple ways to overcome them.
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ABSTRACT

Pedestrian bridges are rather slender and light structures susceptible to experience important
vibrations under serviceability conditions. This contribution focuses on the dynamic
characterization and numerical modelling of a recently opened pedestrian bridge made of ultra-
high strength concrete. Due to the mechanical characteristics of this rather new material, the
footbridge is slender and its performance on the long term is not well known. Two experimental
programs are conducted on the bridge to determine its main modal parameters. The first natural
frequencies, modes and associated damping are identified from ambient vibration and hammer
testing, applying operational and experimental modal analysis techniques. On the other hand,
a detailed finite element model of the footbridge is implemented and updated from the dynamic
identified properties. The vibration serviceability of the structure is assessed based on current
codes. Also, from the numerical-experimental comparison, preliminary conclusions are
extracted related to the general state of the footbridge and the behavior of the boundary
conditions for different amplitude levels.
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ABSTRACT

This discussion is composed of an introduction and two sections. The paper presents a
tensorial approach to computations in classical mechanics.

The introduction provides definitions of tensors in index and operator forms. The first
section of the paper is devoted to matrices and their representation in tensorial form. Unlike
classical mechanics, where investigations are based on matrices and matrix multiplication and
addition, the tensor calculus presented in this paper focuses on determining individual elements
of the mentioned matrices. Furthermore, in this section, we demonstrate the matrix
representation of indexed quantities with more than two indices. All these quantities are
transformed based on the transformation of initial quantities. Subsequently, laws of
transformation of various derived quantities are obtained. In these transformation laws, we will
illustrate special cases in which the products of two or more quantities determining the
transformation are vanished.

In the second part of the paper, we will rely on the invariants determined by transformations
of geometric objects used in classical mechanics. The invariants derived based on these
transformation laws will be obtained in this part of the paper. In obtaining the invariants, we
will use the methodology presented in the work (Vesic, 2020), where, from invariants obtained
based on the transformation laws of simpler geometric objects, invariants based on the
transformation laws of more complex geometric objects are derived. Following the definitions
presented in (J. E. Marsden, T. J. R. Hughes, 1983), these invariants will, in special cases -
characteristic of classical mechanics - correspond to the laws of conservation.

The Ministry of Science, Technological Development, and Innovation of the Government of the
Republic of Serbia, through the Mathematical Institute of the Serbian Academy of Sciences and
Arts, has financially supported this work.
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ABSTRACT

Polymer gears are increasingly being used in various industries due to their unique
properties such as low noise, corrosion resistance, and high strength-to-weight ratio.
However, one of the major concerns with the use of polymer gears is their wear behavior,
which can significantly affect their performance and service life. Ke Feng [1] shows
promise for identifying and evaluating gear wear is vibration-based gear wear monitoring.
While, M Karimpour [2] study showed polymeric gears are less rigid than metallic gears, they
behave differently kinematically. Larger tooth deflections and longer contact areas result
from this, and they can contribute to excessive wear, early contact, and higher bending
and contact stresses. Ye Zhang [3] examined the production of nylon polymer gears using
3D printing. Out of the five 3D printing materials examined, Nylon 618 showed the best wear
performance, according to the study. Additionally, the study discovered that the wear behavior
of injection-molded and 3D printed gears differs. Jadwiga Pisula [4] examined the wear
resistance of spur gears constructed from thermoplastic materials using additive manufacturing
techniques. According to the study, PEEK, ABS M-30, and Ultem 9085 were the materials
with the highest wear resistance. The operating temperature had an impact on the gears' wear
resistance as well; the maximum wear happened at the highest temperature. Futher, M.L.
Puneeth [5] provides research on the involute asymmetric gear pair's dynamic contact
behavior. Analysis is done on the impact of the pressure angle was noticed to get changed on
the driving side. The gear teeth in the study are generated using MATLAB, and the dynamic
analysis is carried out using LS-DYNA. Therefore, wear analysis of polymer gears is crucial
for their design and optimization. This study presents an experimental and numerical
investigation of the wear behavior of polymer gears under different operating conditions. The
experimental setup involved testing of polymer gears in a specially designed test rig to
simulate actual operating conditions. In addition to the experimental study, a numerical
simulation using Finite Element Analysis (FEA) was also performed to understand the wear
behavior of polymer gears. The numerical method involves using finite element analysis to
simulate the gear contact and wear behavior. The simulation model is validated using
experimental data, and the wear behavior is analyzed using wear rate, contact pressure, and
contact stress. The results show that the wear rate increases with increasing load and speed,
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while decreasing with increasing temperature. The wear mechanisms include abrasion,
adhesion, and fatigue. The numerical results show good agreement with the experimental data,
indicating that finite element analysis can be a reliable method for predicting the wear
behavior of polymer gears. The study provides insights into the wear behavior of polymer
gears and can aid in the design of more durable and reliable polymer gear systems. Overall,
the study provides insights into the wear behavior of polymer gears and can be used to
optimize their design for improved performance and longer service life. The combination
of experimental and numerical methods offers a comprehensive understanding of the wear
behavior of polymer gears under different operating conditions, which can help in the
development of reliable polymer gears for various applications. The findings of the study
highlight that the performance of gear pairs is influenced by factors such as applied load,
gear geometry, and material properties. The observed deformation, weight loss, temperature
difference, and debris formation indicate the dynamic behavior of gears under different
conditions. Further research is necessary to gain a deeper understanding of how these
factors interact and impact the overall performance and durability of gear pairs. Such knowledge
can contribute to the improvement of gear design, material selection, and optimization of gear
systems in various applications.
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ABSTRACT

Fiber Reinforced composites acquire extensive utilization across industries such as
Automotive, Aerospace, Civil engineering, and other crucial research areas. The favorable
attributes, such as a high strength-to-weight and stiffness ratio, make them the preferred choice
for numerous aircraft structural components, including the cockpit, wings, and empennage
etc. However, it's worth noting that the drilled holes used for composite joints represent a
significant vulnerability and are a primary cause of structural failure in aircraft structures.
Numerous experiments have demonstrated the sensitivity of FRP components to such holes
and cutouts, resulting in noticeable strength decrements [1-5]. Hence, it is imperative to
consider the sensitivity towards holes/cutouts and the notched strength of FRP components
as crucial parameters in the design process. The present study focuses on the effect of hole(s)
arrangement and stacking sequence on the tensile and bucking behavior of carbon/basalt epoxy
composite laminates through experimental tests. The composite laminates were developed (as
shown in Figure 1) using hand layup technique and tensile and buckling tests were performed
following ASTM standards.

A B C D

19 mm

19 mm

D=6mm

Figure 1. Different hole configuration (a) No-hole (NH) (b) One hole(1H) (c) Two
horizontal holes (TB) (d) Two side by side holes (SBS)

Through these tests, it was observed that the position of hole and stacking sequence has
a significant effect on tensile and buckling behavior in composite laminates. However, in two-
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hole arrangement particularly for side by side and top and bottom, in which top- and
bottom-hole arrangement has revealed a better tensile strength but in case of buckling
side by side hole arrangement gives better buckling resistance. Hence a proper combination
and as per the load type the stacking of fiber and hole arrangement are to be proposed. Further,
the SEM results presented the failure type under tensile and buckling loading, thus providing
the surface morphology of the laminate failure.
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ABSTRACT

Optimization within the context of finite element modeling (FEM) is indispensable for
several compelling reasons. It serves as a means to enhance the performance and efficiency of
engineered structures and processes by systematically refining design parameters, such as
material properties, geometric configurations, and loading conditions. Present work
introduces a multi-objective geometry optimization with which there was possible to reach
significant stress reduction while the mass and inertia moment’s limits were satisfied.

INTRODUCTON

The subject of present study is an impeller that works in a cooling system, installed
in a centrifugal turbo. The shape and the blade angles were designed up-front and served
as fixed geometrical boundary conditions for this problem. It means that only the backside
profile could be modified. The impeller operates under very high rotational speed during the
turning on process that served as the dominant load on the Finite element representation. (68
000 [rpm]) Because of that very high stress values appeared on bottom surfaces of the
impeller’s blades and in the hole. [Figure 1] In order to avoid the high stress values on the
blades, increasing the flange thickness was a sensible option. However, it causes an increase
in mass leading to higher stress utilization in the hole as well. Thus, it was necessary to
apply a multi-objective optimization to minimize both of the high stress values.

Area of the modification
Figure 1: Areas of the high stress values
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PARAMETERS OF THE SYSTEM AND THE CONSTRAINT EQUATION

Regarding the height two distinct dimensions were specified to control the profile shape in
direction Z. The surface of the backplate was generated by a spline curve. (rotation around
the axis Z) This spline has two control points with which it was possible to modify the shape
of the spline. All in all, there were created five different parameters to describe the shape of
the backside which are the following. [Figure 2]

p1: Thickness of the flange

p2: Height of the backside

p3: Spline 1st controlpoint x coordinate

p4: Spline 2nd controlpoint z coordinate
p5: Spline 2nd controlpoint x coordinate

The height and the global diameter of the

backplate were always normalized with their

own actual size. Thus, the parameter

p3,p4,p5 coordinate z of the first can only

have values between 0 and 1. The control

point (CP1) must be 0 because of the

tangential connection. One more constraint

equation was necessary to provide CP1

always positioned above CP2 which is: Figure 2: Visualization of Parameters

p5<p3(1—p4).
RESULTS

The entire simulation project was developed within the Ansys framework. To facilitate
geometry modifications, a dedicated script was employed in SpaceClaim, enabling dynamic
adjustments based on parameter values. For the optimization phase, the optiSLang environment
was utilized. Within this environment, parameter ranges, two objective functions, and a
constraint equation to control parameter relationships were defined. An evolutionary algorithm
was chosen as the optimization method due to its ability to comprehensively map the design
space, rendering initial parameter values inconsequential to the solution. Upon completion of
the optimization process, results were presented via a 2D diagram, illustrating the formation of
the Pareto front that highlights the set of optimum solutions in terms of both objectives.
Subsequently, the design chosen for implementation is as follows. [Table 1]

Original Design Optimized Design
Hole Max Principal Stress [MPa]  376.5 365.2
Blades Max Principal Stress [MPa] 1468.3 369.9

Table 1: Comparison the stress values between the original and the optimized designs
As shown in the hole area there was possible to decrease the stress by 11.3 MPa and

significant improvement was observed at the blades, with an almost 100 MPa reduction in
stress level.
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ABSTRACT

Pervious (porous) concrete differentiates from ordinary concrete by the lack of the fine
aggregate fraction, which makes it permeable for water, due to the formation of larger open
pores. It can be produced on site, or as prefabricated pervious concrete flags. It’s main
application is in paving the pedestrian and bicycle paths, and when possible parking lots.

The pore diameter in pervious concrete, which is sufficient for the effective passage of
water, ranges between 2 and 8 mm, while its’ compressive strength usually ranges between 2.8
MPa and 28 MPa [1]. Total porosity of pervious concrete often includes 10-20% closed pores
and 80-90% effective, i.e. connected pores. Larger pores increase stress concentration, with
reduced toughness of the material, which leads to the failure of the concrete structure [2]. In
order to achieve the best performance, pervious concrete must be designed using the optimum
cement paste content and aggregate of sufficient size and amount.

Pervious concrete is typically designed for a void content in the range of 15 to 30%. Since
the final porosity of the samples is greately influenced by the level of compaction,
Ridengaogqier and Shigemitsu [3] have proposed a method for prediction of porosity of pervious
concrete. According to their results, relation between measured ultrasonic pulse velocity and
porosity for pevious concrete prepared with crushed stone aggregates with particle size
between 2.5 mm and 5 mm, and water to cement ratio of 0.25 was v=-1.9xp>+4675 (m/s) as
shown in Figure 1.

Taking into account all stated above, in this research two types of pervious concrete flags
were produced, one with designed 15% (PC15) and the second with designed 20% (PC20) of
void content. Mixture design was performed according to the steps described by [4]. Cement
(CEM I 52.5 R) and crushed andesite aggregate (2/4 mm) were used in both mixtures. The
amount of aggregate was the same for both mixtures, while the amount of cement paste was
higher for mixture PC15. Water/cement ratio was 0.3 for both mixtures, since lower values
between 0.27 to 0.30 are advisable when superplastisizers are applied.

Pervious concrete flags of nominal dimensions 200x200x60 mm were produced with
vibropress and cured under laboratory conditions (temperature 20°C, relative humidity 65%)
up to the age of 28 days. After reaching the testing age samples were dried at the temperature
of 60°C until reaching the constant mass. Measurements of dimensions (a, b and h) and mass
in dry state (mo) were performed on the three samples per mixture. Then these samples were
gradually immersed in water, and their mass was again measured after 48 hours (mov). Using
the hidrostatic scale, underwater mass of these samples was also determined (mov’), leading to
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the calculation of the volume without open pores (Va). According to these measurements water
absorption and open porosity were calculated, as presented in Figure 2.

Figure 1. Model proposed by [3] compared Figure 2. Water absorption and open
with the results of ultrasonic pulse velocity porosity of tested pervious concrete
test samples

If the average measurement of the ultrasonic pulse velocity tests performed on the specimens
cut from the pervious concrete flags PC15 and PC20 are compared with the relation presented
by Ridengaoqier and Shigemitsu [3], porosity of 28.2% (for mixture PC15) and 24.2% (for
mixture PC20) can be calculated (Figure 1).

From the presented results it can be concluded that the compaction index has an extremely
important role in the formation of the porosity of pervious concrete samples. The mixture
designed for the porosity of 15% reached 40% higher open porosity according to the
hydrostatic scale method, and 88% according to the ultrasonic pulse velocity method. It was
also shown that proposed model offers very good complience with the obtained results, having
in mind that it was developed based on the mixtures prepared with lower w/c ratio, and coarser
aggregate grain sizes.
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ABSTRACT

Metamaterials, also known as architected materials, are typically constructed using
periodic arrangements of material parameters and/or locally-resonant attachments. These
materials exhibit novel response such as frequency bandgaps, localized modes, and
topological states. The one- dimensional setting allows for straight-forward investigation of
structural properties arising from their periodic structure, and from finite system effects, such
as localized truncation modes. The dynamic properties of infinite structures (e.g., dispersion
curves) for rods and beams with periodic variation have been well-studied [1]. Studies of finite-
size structures focusing on mode localization at edges, and avoided crossing of modes while
varying model parameters [2], have also been carried out. Recent research has established
a theoretical foundation for the study of truncated modes in bi-layered rods and beams, for
either longitudinal or flexural motions [2,3]. The coupling effect between longitudinal and
flexural waves, achieved using vibrating attachments [4] or beam junctions [5], has been
separately studied. However, to date, no study has investigated truncation modes in structural
systems where junctions couple longitudinal and flexural waves.

There is a wide range of analytical and numerical tools available for studying the
response characteristics of phononic crystals composed of periodic media, including the
transfer matrix method and the wave-based vibration approach [5]. These methods enable
exact determination of band structure in monocoupled phononic crystals, for both flexural
and longitudinal motions. Computational approaches, such as the finite element method [3],
have also been widely used to approximate the band structure. More recently, machine
learning techniques [6] have been applied towards determining band structure.

In this research we analyze one-dimensional phononic crystals in the form of zig-zag
adjoined beams. The joint between each pair of beams induces coupling between longitudinal
and flexural wave modes. We apply a parametrized truncation to one of the edges and an
extension to the other end, as shown in Fig.la. Such a configuration allows for studying
truncation modes while keeping the length of the structure constant, similar to [3], where the
parameter modifying the unit cell is termed a phason. We employ the wave-based vibration
approach to derive the exact model of the considered structure. This method allows for
straight-forward, exact treatment of joints and end conditions arising at truncations. Figure 1b
depicts natural frequencies of the zig-zag structure computed using the wave-based approach.
The horizontal axis tracks the unit cell shift associated with the phason (i.e., the change of the
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truncation parameter) for a structure consisting of 10 zigzag unit cells. Frequency ranges of
densely packed modes correspond to passbands of the structure associated with the infinite
phononic crystal. Bandgaps are present between the passbands where edge-localized modes
appear (i.c., truncation modes). An important feature is the spectral flow of the modes between
the neighbor passbands, which is known to have a topological origin [3]. Details of this
spectral flow and its implications will be discussed during the conference presentation.

0.75 /\/\/ /\/\/ 5
J (=2
0.25 \/\/\ \/\/\ £

a 0.2 04 06 0.8 1
Unit cell shift [-]
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Fig. 1. Phononic crystal with coupled longitudinal and flexural waves: a) phononic crystal
with different values of shift (truncation parameter) modifying the boundaries, and b) natural
frequencies of the system consisting of 10 unit cells.

a)

REFERENCES

[1] Goto, Adriano and Nobrega, Edilson and Pereira, Flavio and Dos Santos, J. (2020).
Numerical and experimental investigation of phononic crystals via wave-based higher-order
rod models. International Journal of Mechanical Sciences. 181. 105776.
10.1016/j.ijjmecsci.2020.105776.

[2] H. B. Al Ba'ba'a, C. L. Willey, V. W. Chen, A. T. Juhl, M. Nouh, Theory of Truncation
Resonances in Continuum Rod-Based Phononic Crystals with Generally Asymmetric Unit
Cells. Adv. Theory Simul. 2023, 6, 2200700. https://doi.org/10.1002/adts.202200700.

[3] Rosa, Matheus I. N. and Davis, Bruce L. and Liu, Liao and Ruzzene, Massimo and Hussein,
Mahmoud I. (2023). Material vs. structure: Topological origins of band-gap truncation
resonances in periodic structures. Phys. Rev. Mater. 10.1103/PhysRevMaterials.7.124201.

[4] D.J. Mead, S. Markus. (1983). Coupled flexural-longitudinal wave motion in a periodic
beam. Journal of Sound and Vibration. https://doi.org/10.1016/0022-460X(83)90399-1.

[5] Michael J. Leamy. (2012). Exact wave-based Bloch analysis procedure for investigating
wave propagation in two-dimensional periodic lattices. Journal of Sound and Vibration.
https://doi.org/10.1016/j.jsv.2011.11.023.

[6] Muhammad, John Kennedy, C.W. Lim. (2022). Machine learning and deep learning in
phononic crystals and metamaterials — A review. Materials Today Communications.
https://doi.org/10.1016/j.mtcomm.2022.104606.

144



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

USE OF MULTIPLE SCATTERING OF ELASTIC WAVES FOR
DEVELOPMENT OF ACOUSTIC LOGIC GATES

Jacek Filar! and Pawel Paé¢ko?

L2Department of Robotics and Mechatronics, Faculty of Mechanical Engineering and Robotics,
AGH University of Krakow, Krakow, 30-059, Poland
Yacek filar@agh.edu.pl; 2pawel.packo@agh.edu.pl
'ORCiD 0009-0003-7988-2850; 2ORCiD 0000-0002-8962-9969

Keywords: Wave-based vibration approach, multiple scattering, elastic wave manipulation,
impedance, reflector cluster, acoustic logic gates, micro electro-mechanical systems.

ABSTRACT

Micro Electro-Mechanical Systems (MEMS) are increasingly important in modern
technology. These systems execute operations utilizing various signals, differing by type
(i.e. analogue or discrete) or propagation medium (e.g., electromagnetic, elastic waves). This
study explores elastic waves’ multiple scattering to design metamaterial systems capable of
logical operations, namely logic gates. To perform such calculations, we employ information
encoded in flexural elastic waves propagating in beam metamaterial structures. The latter
are equipped with specifically engineered metaclusters of resonators, that allow for achieving
desired reflection and transmission properties in these one-dimensional systems. Combining
multiple propagation paths with metaclusters leads to the system’s capability of reproducing
the truth tables of logical gates, hence resembling an elastic analogy of the well-known MEMS-
type electronic logical gates.

The developed analysis and design methodology is composed of two stages: design of a
cluster of scatterers and implementing them into a two-dimensional frame structure. The
first stage evolves from the Euler-Bernoulli beam with a single attachment, through
metaclusters composed of multiple scattering elements, and leads to the second-stage two-
dimensional frame structures based on the Timoshenko beam theory — with distributed
metaclusters. The first model, based on the Euler-Bernoulli beam theory, allows for calculation
of transmission and reflection coefficients of individual reflectors, i.e. point impedances placed
on a beam, and reflector clusters!!!, while the latter — based on the Timoshenko beam theory —
extends the analysis to transmission and reflection coefficients for coupled longitudinal-flexural
wavefields as well as to the scattering coefficients for beam joints?! (e.g. in a system of beams
connected in a truss).

Based on the models developed earlier, we employ optimization techniques for the design
of scatterer clusters of different number of attachments, i.e. ranging from single- to four-
reflector setups, each optimized to achieve desired reflection and transmission coefficients.
Noting that the signal phase is critical for performing logical operations on elastic waves,
we design clusters inducing significant phase shifts on propagating waves, while ensuring
minimal amplitude loss. The design process leads to multiple scattering setups of various
number of scattering elements, and allows for imposing a 180-degree phase shift compared to
the input signal, with approximately 90% of the original amplitude retained in the output
signal. The most recent analysis aimed at achieving XOR and AND logical gate
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functionalities in a dual-beam system. In this latter case, each beam is equipped with a four-
reflector cluster, which parameters were optimized in the design process.

After designing metaclusters for achieving desired scattering properties, we employ the
wave-based vibration approach (WBYV) to build a complementary model to build on the prior
analyses. By integrating WBV with the metaclusters, we account for joint transmissions and
reflections in addition to the clusters’ scattering coefficients, allowing for the control of
mechanical energy flow through a structure. Initially, we developed simplistic models to conduct
modal analyses of diverse beam-based truss systems, spanning from cantilever beams to H-
shaped frames. These initial models were validated through comparisons with the finite
element-based models. With the foundational model validated, we proceeded to derive
formulas enabling the incorporation of point scatterer placement in the system. By integrating
the WBYV theory with the Euler-Bernoulli wave propagation analyses, we proposed a refined
model capable of optimizing scatterer parameters for the entire wave propagation system.
Finally, we present analysis results on incorporating a reflector cluster, which was tuned
to a specific normal mode frequency, within the frame and designing the whole beam system
logical functionality.

REFERENCES

[1] Norris, A. N., Pa¢ko, P. (2019), “Non-symmetric flexural wave scattering and one-way
extreme absorption” The Journal of the Acoustic Society of America, Vol. 146, Issue: 1,
July, pp. 873-883.

[2] Mei, C. (2008), “Wave Analysis of In-Plane Vibrations of H- and T-shaped Planar Frame
Structures” Journal of Vibration and Acoustics, Vol. 130, December.

146



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

DECODING RECEPTION DIRECTIVITY PATTERNS OF
ULTRASONIC TRANSDUCERS FROM RANDOM GUIDED WAVE
EXPERIMENTS

Siddhesh Raoranel, Tadeusz Stepinski2 and Pawel Packo>

1'2'3Department of Robotics and Mechatronics, Faculty of Mechanical Engineering and Robotics,
AGH University of Krakow, Krakow, 30-059, Poland
Isiddhesh.raorane@agh.edu.pl, 2tadeusz.stepinski@agh.edu.pl, 3pawel.packo@agh.edu.pl
ORCID iD: '0000-0002-1847-7830; 20000-0002-0067-7308; * 0000-0002-8962-9969

Keywords: guided waves, wavemode identification, numerical modeling, parameter
identification.

ABSTRACT

Owing to the multi-modal and dispersive characteristics of guided waves (GWs), reliable
application of GW-based techniques requires apriori knowledge of the propagating
wavemodes. In this work, a novel strategy for wavemode identification in GWs is proposed. This
strategy, being based on random excitations, enables the identification of wavemodes generated
by any arbitrary excitation. Furthermore, this strategy can be employed to determine the
reception directivity patterns of ultrasonic transducers, enhancing their applicability across
various fields.

INTRODUCTION

Guided waves serve as vital tools in non-destructive testing (NDT) and structural
health monitoring (SHM), particularly for long-range inspections in civil, mechanical and
aerospace engineering [1]. The effectiveness of GWs stems from their high sensitivity to
defects and their capacity to scan large areas. GWs are inherently multi-modal, with each mode
exhibiting dispersive characteristics, especially in plate-like structures [2]. Consequently,
the effective utilization of GWs in NDT and SHM necessitates precise identification of the
modal content of the wavefield and evaluation of transmission and reception sensitivity of
transducers to different guided wavemodes.

This work presents a novel strategy for identifying wavemodes induced by GWs
propagation. The approach involves utilizing a series of experiments with various random
excitations being applied to a substrate with a piezoelectric transducer. Subsequently,
identification equations are formulated and solved based on the responses of the substrate
and the transducer, enabling the identification of wavemodes generated by any arbitrary
excitation. The concept is presented using examples with numerical experiments based on
finite element models. To ensure computational efficiency, harmonic excitations are used in
numerical experiments, although transient simulations are also viable.

METHODOLOGY AND RESULTS

The strategy reported in this work entails applying the excitation at one of the boundaries of
the substrate with the excitation remaining constant along the length but varying randomly in the
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plane normal to the wave propagation direction. This random spatial distribution forms a
coding sequence for the identification process, ensures the procedure's adaptability to diverse
excitation types and maximizes the probability of the identification matrix being invertible,
hence the process being unique.

Next, harmonic simulations are run at the required frequency, and the responses of the
substrate — at multiple points along the propagation path — and the transducer are recorded
and used to formulate the identification equation as

AM =V, (1

where A is a matrix of modal coefficients extracted from the responses of the substrate,
V is a vector containing the responses of the transducer and M is a vector of directional mode-
dependent coefficients. Subsequently, the identification process is carried out by inverting
the coefficient matrix. The proposed procedure can be repeated for multiple angles of the
transducer for the experimental identification of mode- and direction-dependent reception
patterns of ultrasonic transducers.

CONCLUSIONS

This study presents a novel strategy for identification of wavemode-dependent
directional characteristics of ultrasonic transducers. The proposed approach utilizes a
random excitation procedure, enabling the identification of wavemodes generated by arbitrary
excitations. Through this strategy, mode-specific reception directivity patterns of ultrasonic
transducers can be precisely determined. Consequently, the work proposed here facilitates the
application of GW transducers across diverse fields such as non-destructive testing, structural
health monitoring, energy manipulation, and beyond.
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ABSTRACT

Polymer matrix composites, which combine fibers with a polymer matrix, offer a unique
blend of high strength and lightweight properties, making them highly suitable for various
industrial applications. Rotational molding, a technique used to create seamless, hollow parts
from polymers, is especially notable for its ability to produce complex shapes by melting and
coating the interior of a rotating mold [1,2]. Linear low-density polyethylene (LLDPE) is a
common material used in this process due to its moldability and cost-effectiveness, although it
sometimes requires fillers to enhance its mechanical and thermal properties [3,4].

In this study, we explored the potential of using chrysotile powder as a filler for LLDPE in
rotational molding. Chrysotile, recognized for its superior mechanical and thermal
characteristics, has not been extensively examined in this context [5,6]. Our aim was to identify
the optimal blend of LLDPE and chrysotile to improve the performance of the composite
material in rotational molding applications. For the experimental procedure, we used LLDPE
powder with a melt flow index (MFI) of 4.67 g/10 min and chrysotile powder. We prepared
samples by dry blending various proportions of chrysotile (ranging from 5% to 50% by weight)
with LLDPE. The tests conducted included Fourier-transform infrared spectroscopy (FTIR),
Melt flow index (MFI), differential scanning calorimetry (DSC), thermogravimetric analysis
(TGA), and water absorption tests.

FTIR analysis revealed significant peaks corresponding to both LLDPE and chrysotile,
helping to determine the optimal blending range of 15% to 40% chrysotile. MFI testing showed
that blends with 15% to 25% chrysotile retained acceptable flow properties for rotational
molding. DSC analysis indicated a slight increase in melting points with the addition of
chrysotile, while crystallinity decreased at higher chrysotile content, suggesting improved heat
transfer within the composite. TGA analysis demonstrated increased thermal stability and
higher residual mass with greater chrysotile content, indicating enhanced thermal resistance.
Water absorption tests showed that chrysotile reduced the water absorption capacity of the
composites, thereby improving their moisture resistance.

In conclusion, adding chrysotile to LLDPE enhances its thermal stability, reduces water
absorption, and maintains acceptable flow properties for rotational molding. The optimal range
for chrysotile content was found to be 15% to 25%, providing a balance between improved
properties and processability. These findings suggest that chrysotile can be an effective filler
for LLDPE in rotational molding, potentially enhancing the mechanical strength and thermal
resistance of the final products.
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ABSTRACT

A mechanical model of the contact between flexor tendons and ligaments in Knott's disease
was constructed. The problem is solved numerically using the finite element method in the
ANSYS package. The inflamed tendon is modeled by a linear elastic cylinder with a
hemisphere, the ligament is modeled by a linear elastic cylinder, one face of which is fixed.
The minimum axial force applied to the tendon sufficient to cause slippage through the pulley
is calculated. An assessment is made of the conditions under which finger snapping occurs
depending on the stiffness of the tissues, friction in the contact area and the geometry of the
contacting bodies.
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ABSTRACT

The fractional Zener wave equation is derived and analysed on three-dimension unbounded
domain. The fundamental solution for the Cauchy problem is shown to exist in the space of
distributions, and a priori energy estimates are derived yielding well possednes of the problem.

The wave propagation in viscoelastic 3-dimensional unbounded media is modeled by a
system of three basic equations of continuum mechanics of solid body: the equation of motion,
the constitutive law for a viscoelastic body giving relation between the stress tensor and the
strain tensor assumed in the form of fractional Zener law, and the symmetric displacement
gradient giving relation of the strain and the displacement. This system is equivalent to a single
equation called fractional Zener wave propagation equation which could be decomposed in
two different ways, both yielding equations of same type referred as the fractional Zener wave
equations. In first approach the unknowns in the fractional Zener wave equations are the
dilatation and the rotation vector, while in the second approach the unknowns in the fractional
Zener wave equations are the irrotational and the divergence free vectors.

For the homogeneous medium, using Laplace and Fourier transforms, we show existence of
the fundamental solution for the fractional Zener wave operator giving two representations of
the unique solution to original fractional Zener wave propagation equation. Further, we analyse
regularity of the obtained solution and derive a priori energy estimates which also holds for an
inhomogeneous medium. Finally, we show existence of the weak solution of the fractional
Zener wave propagation equation in the case of inhomogeneous medium.

This work generalize previous results from [1, 2, 3].
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ABSTRACT

The abstract shows the description and testing of engineering technology for calculating
welding stresses and deformations of thin plate models. The presented technology is aimed at
facilitating the work of designers of welded structures, so that design services get an idea of
the stress-strain state of structures after welding.

In accordance with the force method proposed in this abstract for determining welding
stresses oand deformations £[1, 2], the volume of the weld pool, we will call it the fusion zone
(FZ), where phase transformations occur, is less than the other temperature zone, namely, the
one where temperature plasticity sets in and the metal’s yield strength and tensile strength
sharply drop, — this zone is limited by an isotherm of 600...650 °C — we will call it the heat-
affected zone (HAZ).

The essence of the force method is the application of fictitious forces to create in the FZ and
HAZ the same deformations ¢ and stresses o as from the actual longitudinal and transverse
shrinkage of the welded construction. According to experiments, the main factor influencing
the shrinkage force is welding energy input — Hi (the amount of heat entering the metal per
weld length) [3]:

Hi=q/v, where

g — part of the source power that getting in the metal of the plates being welded;

v—welding speed.

In the force method, in computer modeling using the finite element method (FEM), a
simplification is introduced: welding speed is very large and simultaneous heating is assumed
along the entire length of the plates being welded. In this case, the initial condition when
modeling plates is single-pass welding, which means the absence of initial stresses, the two
plates are not stressed or deformed before welding. In the process welding, the seam is laid
symmetrically. The planes of the plates are adiabatic boundaries (there is no exchange of heat
with the surrounding space).

The force method replaces the thermomechanical problem, therefore the parameters that are
important when modeling thermal processes are replaced by forces (pressure equal to the
metal’s yield strength of the metal) applied to the ends of the FZ and HAZ to recreate the
longitudinal shrinkage force, and to recreate the transverse force, a pressure equal to the metal’s
yield strength is applied at the boundary of the FZ and HAZ, and the HAZ and the base metal
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— this creates the effect of tension of the zone and compression of the HAZ [1, 2]. The stresses
along the thickness of thin plates are so small that they can be neglected in calculations. The
diagram for applying pressure for thin plates is shown in Fig. 1.

Fig. 1. Scheme of applying pressure equal to the yield strength on a model of welded
plates using the force method: 1 — fusion zone (FZ); 2 — heat affected zone (HAZ); 3 — base
metal.

The engineering technology presented in the abstract is intended for design bureaus to
quickly determine the stress-strain state of welded structures of thin plates based on a limited
amount of data: | — welding current, U — voltage of the welding source, 7 — arc efficiency, v —
welding speed. If the designer does not have the exact values of the above data, the technology
makes it possible to get by with the value of the deposition volume of the FZ. In addition, the
technology, unlike the thermo-mechanical problem, is much less resource-intensive and allows
you to quickly determine the stress-strain state of welded structures of thin plates on almost
any desktop computer, which affects the speed of design. The use of technology can be
automated and added, at the request of designers, as an additional option to some graphics
package.
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ABSTRACT

Aluminothermic welding has been used to connect railway rails for over a century. This
method has several advantages, including its versatility, the tightness of the weld it creates, and
its ease of execution. To complete the procedure, no further power source is necessary.

The NovaFlow & Solid CV software suite [1] was used to simulate casting thermite steel in
the mold cavity or weld joint for the 49E1 rail. As a result, costly experimental techniques in
industrial settings lead to ever-changing mould design. The design of the mould with the
pouring system, which should ensure even pouring of thermal steel without turbulence, then
even heat dissipation or cooling to obtain an appropriate micro and macro structure of steel free
of internal and external defects, is one of several factors that contribute to a quality welded
joint [2].

Initialy, a crude design of the casting was developed and compared with the real-life results
[3], later, preheating was introduced to the simulation [4] and lastly, with the addition of side
rails and mould to the casting simulation the design was close to real life conditions. With the
final version of the mould design and simulation, stress and strain modeling were performed
on the preheated model to provide a more complete understanding of how shrinkage is related
to stress [5].

In this paper, the foot of the rail casting was modified to determine how best to eleveate the
solidification stress, since the foot is the most compressed part of the rail during explotation.

The steel used for simulation is commercial railway steel R260 or EN 1.0623, the molten
metal flow was injected in a circle of 10 mm in diameter. Gravity casting was chosen for the
filling parameters with a pressure height of 300 mm, making the flow 1.149 kg/s and the casting
temperature was set at 2200 °C.

Unfortunately, due to the limitations of the software, it was not possible to move the burner
heat source outside of the casting cavity (40 cm above the gating hole); however, the shape of
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the air flow and temperature were adjusted to reproduce real-life circumstances, but the
position of the source remained below the divider.

Software programs are being used to simulate conventional casting procedures that may be
used in the casting of thermite steel during the fabrication of welded railway connections in
order to prevent costly and time-consuming industrial experimentation. Even though some
concave shape modifications of the rail foot proved to be better than others, we will continue
to work on developing the simulation conditions and, in the future, compare the most
satisfactory with the final weld product experiments.
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ABSTRACT

Seismic fragility curves are essential for evaluating the vulnerability of buildings during
earthquakes. However, traditional methods for deriving these curves often employ a
lognormal distribution, which introduces significant epistemic uncertainty. This is because
these methods neglect various sources of uncertainty, such as material properties and
structural parameters. Nonparametric approaches offer a solution to this limitation but
typically require Monte Carlo simulations to estimate the probability of exceedance of the
limit state. This leads to prohibitive computational demands for complex structures. To
overcome this, we propose an innovative active surrogate modeling-based method that
significantly reduces the computational expense of nonlinear dynamic analyses while
maintaining high accuracy in estimating fragility curves.

The application of active learning in the context of reliability analysis represents a
significant advancement in the methodology of seismic fragility assessments. Active
learning strategies optimize the selection of sample points for evaluation, concentrating
computational resources on areas near the limit state where uncertainty is highest and
information gain is maximized. This targeted approach contrasts sharply with traditional
Monte Carlo simulations. Our study demonstrates that incorporating active learning
substantially reduces computational time compared to conventional Monte Carlo methods.
These efficiency gains accelerate the assessment process and enhance the practicality of
performing detailed nonlinear analyses on complex structures. This makes it feasible to
conduct comprehensive seismic evaluations that were previously too computationally
expensive to consider, thereby improving the efficiency and accuracy of seismic risk
assessment in practice.

The effectiveness of this approach is demonstrated by developing a site-dependent fragility
curve for a two-story steel frame structure subjected to various acceleration levels and situated
in four hypothetical locations with different seismic characteristics from FEurocode
classification. Using Winkler's model, the modeling incorporates soil-structure interaction
effects, which account for shear wave velocity impacts through an elastic beam supported by
densely spaced, independent springs [4]. Additionally, the analysis considers uniform
corrosion degradation across the structure’s surface, with corrosion depth modeled by a power
function [3]. This study advances the precision of seismic vulnerability assessments and
enhances the efficiency of structural analysis for seismic risk management, accommodating
the complex behaviors of highly nonlinear structures.
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ABSTRACT

In the last few decades reaching sustainable development has become of paramount
importance. Much research has been conducted in the field of alternate energy sources and
energy harvesting devices. One possible way to transform mechanical energy into usable
electric energy is the through the use of the direct piezoelectric effect in piezoelectric materials.
Most often used devices of this type are bimorph beams, consisting of one metallic bearing
layer in the middle and two piezo-ceramic layers attached to it from both sides. Beam vibrations
cause its deformations, and these induce electric polarization in piezo-plates, so that when they
are connected in an electric circuit, electric current flows through the circuit [1]. However,
although these devices could produce sufficient amount of electricity to power some sensors
or MEMS, this can be done mainly if they operate near their resonant regime. One way to
overcome this limitation is to connect several bimorph beams into a chain — a single system
with unique dynamic properties that can be designed according to particular needs. Moreover,
in order to improve energy harvesting performance of this kind of systems, contemporary
specially designed materials can be used to connect the beams. These materials often need to
be described by constitutive equations with fractional-order derivatives to accurately model
their behavior.

In this contribution, governing equations are derived which describe the motion of a system
of connected cantilever bimorph beams with fractionally damped coupling layers. These
equations are solved by first homogenizing the boundary conditions and then applying spatial
discretization with Galerkin method. The fractional derivatives were approximated by the
method proposed by Evangelatos and Spanos [2], and the thus obtained system of equations is
solved in time domain by the accelerated Newmark iterative procedure [2], and in frequency
domain the solution was derived by assuming the steady state regime. All the piezoelectric
layers are connected in parallel, and the electric circuit equation is derived by the Gauss’ law,
Ohm’s law and Kirchhoff’s rules.

In addition, the phononic-like properties are added to the bimorph beam-chain by
introducing the periodicity in material properties of the coupling layer. Namely, the fractional
damping parameters, i.e. fractional derivative order and the relaxation time, are set to vary
periodically, with every other having twice as high derivative order and relaxation time value.
In such a setup, the system develops particular dynamic behavior that resembles the phononic
lattice [3]. This can be observed when analyzing the system band structure on the frequency
response function diagrams.
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In the present contribution, the frequency band structure of the described system is
presented, both for the case of cantilever bimorph beams, and for the case of the simply
supported bimorph beams. It will be shown that introducing the phononic-like properties to the
bimorph beam-chain improves its energy harvesting capabilities by comparing the generated
electric power under the forced vibration conditions.
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ABSTRACT

This study investigates turbulent swirl flow in a pipe induced by an axial fan. The objective
is to compare results obtained from numerical simulations in Ansys® CFX software with
results from measurements conducted at the Faculty of Mechanical Engineering, University of
Belgrade. The industrial axial fan model used for both the numerical simulations and
measurements is the W30 axial fan from Minel, Serbia, with seven blades and an outer diameter
0f 0.397 m (Figure 1). The blade angle of the fan was set to 30° at the outer diameter. The test
rig length is 27.35 times the average inner diameter (approximately 0.4 m). Measurements
were taken at two downstream measuring sections (z/D = 3.35 and z/D = 26.31), and after the
simulation was completed, the same cross-sections were analyzed to ensure the comparison of
results was relevant.[1]

Figure 1. Simulation model (a) Experimental test rig prepared in Ansys® SpaceClaim: 1 —
Inlet, 2 — Rotating domain with impeller, 3 — Measuring section 1, 4 — Laser pipe, 5 —
Measuring section 3, 6 — Outlet (b) Impeller 3D model [1]

The geometric domain was divided into three distinct sections: an inlet, a rotating domain
and laser pipe with an outlet. The physical attributes and dimensions of each domain segment
exerted a direct influence on the mesh generation process. The mesh was generated using
Ansys® Mesher, resulting in a total cell count of 6 279 730. A boundary layer was applied to
the inlet walls in close contact with the impeller, the rotating domain, and the walls of the laser
pipe, comprising a total of five layers. The fan model was developed by professors from the
Department of Hydropower Engineering at the Faculty of Mechanical Engineering, University
of Belgrade

The airflow in the fan was simulated under steady-state conditions using the Shear
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Stress Transport (SST) turbulence model, which combines the k—®» model near the wall with
the k—e model in the bulk flow. The numerical results are later compared to the experimental data

presented in this study [2].

TABLE 1.1 — Measurement results [1] TABLE 1.2 — Simulation results

Section | Q [m*/s] | Um [m/s] Re Section | Q [m*s] | Um [m/s] Re
1 1.178 9.14 254010 1 1.194297 | 9.50389 | 246032
3 1.190 9.47 255558 3 1.194307 | 9.50397 | 246034

Tables 1.1 and 1.2 compare the results of the main flow parameters. The measurement
results indicate larger deviations between sections 1 and 3, unlike the simulation results,
which show minimal deviations due to the ideal conditions downstream of the laser pipe, which
do not account for interactions with pipe walls, vibrations, and other dynamic effects
present in the actual environment.

In Figure 2, the comparison results of dimensionless axial
velocity in two measured planes are presented. In plane
1, dimensionless axial velocity values diverge for larger
dimensionless diameters (/R > 0.70), attributed to
behavior near the pipe walls, which are idealized in the
simulation, unlike real measurement conditions. In plane
3, discrepancies in dimensionless axial velocity are more
significant between experimental and simulation results
due to differences in the averaged axial velocity between
measured and simulated results in plane 3; the measured
value is lower than the simulated value. (Table 1.1 and
Table 1.2)
Figure 2. Comparison of the dimensionless axial velocities between experimental and
simulation results in measurement sections 1 and 3 for upper (90°) and lower (270°) halves

4

¥ [men] ¢[ms) ¥ [men] c[ms]
® ®

& :
Figure 3. Total velocity vectors at cross-measurement sections 1 and 3 — left:

measurement results, right: simulation results.
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ABSTRACT

Computer aided design of welding robotics systems is a fundamental task of industrial
robotics. A basic problem in this area is that a welding system must have a high degree of
flexibility with frequent changes of welded constructions and corresponding welding tools. The
computer aided design process of the welding robotic system involves searching the
appropriate welding technology, including a rational sequence of welding, directions of
welding and the order of applying welds [1, 2]. The tasks of computer-aided design of the
welding system and its elements have many solutions. Not all criteria used in the computer-
aided design can be formalized in advance and taken into account in the implementation of
design algorithms. Limitations also depend on the specific design situation.

To implement such tasks, the following models is used in the proposed computer-aided
approach to design welding robotic systems: industrial robots, welding tools, positioners,
welding  equipment, devices for changing and storing welding  tools,
off-programming systems for robots. The opportunities of the proposed approach includes
checking the availability of a welding tool to the seams, selecting the most suitable welding
tool for a given set of the welding seams (from those available in the database), training an
industrial robot to weld a given welded construction, developing a technological welding
program in an industrial robot programming language, graphical modeling of a technological
program.

At all stages of design, three-dimensional modeling of objects of a welding system, as well
as the movements of an industrial robot and positioners with the welded construction, is
performed. The information created and used by the developed approach can be divided into
several groups: about welded constructions, about robots, about welding tools, about elements
of welding tools, about positioners, about additional components of a welding system. Each
group contains three-dimensional graphic models of the objects. A set of graphic models of the
welded constructions is stored in a database. The example of the developed graphics models of
the robotic system is presented on Fig. 1.
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Fig. 1. Graphic models of the robotic system

The first stage of the modeling a welded structure is the creation of its graphic image. At the
next stage, the lines of the welds are drawn in accordance with the required type of segment
(linear, arc). When creating a new weld, the position of the weld start and end frames is entered.
For circular seams, an intermediate frame is used. The orientation of each frame can be
controlled visually. Next, enter information about the type of welded joints (butt, fillet, lap),
wire extension, position and size of welded areas for intermittent welds. A similar procedure is
used for each of the main and auxiliary seams. In accordance with a certain technology for the
welding a construction, the sequence of application of main and auxiliary seams welds, as well
as the direction of seams welding is set.

At the second stage, welding tools and robots are prepared. The three-dimensional image of
the welding tool is supplemented with information about the position of the tools operating
point and the position of the tools attachment point to the robot flange. The assembly of robots
and positioners is carried out by a special procedure, which also automatically generates data
files used by calculation programs.

At the third stage, modeling of the welding system is performed. The components of the
welding system can be robotic manipulators, positioners, welding tools, welded construction,
as well as additional components. The layout procedure of the welding system allows to
sequentially include the necessary components in the model.

Using the proposed approach the effective software package is developed. This package
implements all proposed types of procedures for welding systems design.
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ABSTRACT

The development of numerous devices, technologies, and industries has resulted in a large
number of various metal parts being produced. Each metal part, workpiece, used either
independently or as part of an assembly, has characteristic surfaces that are processed using
some metal cutting method. For easier and quicker identification of surfaces that need to be
processed on a workpiece with complex geometry, it is necessary to form certain classes of
typical technological forms that are most commonly encountered in workpieces. Each
technological form has corresponding characteristics related to cutting diameter, cutting depth,
appropriate radius, and a range of other parameters. The paper analyzes a total of 27 different
classes of technological forms, and for each of these forms, 1000 different 3D CAD models
are generated. The obtained 3D CAD models serve as input for training and testing 3D
Convolutional Neural Networks (3D-CNNs) in recognizing various technological forms.
Excellent results were achieved through testing the 3D Convolutional Neural Network.

Based on the data regarding workpieces, or the classes of technological forms that the
workpiece possesses, it becomes possible to define the necessary axes for machining on
machine tools, namely two, three, and five-axis machine tools. Based on the number of required
machining axes, an appropriate configuration of machine tools is proposed and formed from
the database of machine tool module models.

165



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

APPLICATION OF HYBRIDIZATION OF GWO-PUMA
ALGORITHMS FOR IDENTIFICATION OF NON-ACOUSTIC
PARAMETERS OF THE JCA

Tanja Dulovic’l, Branko Radiéeviél, Goran Miodragovic’2 and Miso Bjelic'1

Faculty of Mechanical and Civil Engineering in Kraljevo, University of Kragujevac, 36000 Kraljevo,
Serbia
2Academy of Applied Study Sumadija, Department Trstenik, 37240 Trstenik, Serbia

*dulovic.t@mfkv.kg.ac.rs ; *radicevic.b@mfkv.kg.ac.rs; *gmiodragovic@asss.edu.rs ;
“bjelic.m@mfkv.kg.ac.rs
ORCID iD: '0000-0003-3265-5661; 20000-0002-4182-4095; “0000-0002-6148-1982

Keywords: Sound absorption coefficient, Grey Wolf algorithm, Puma algorithm, Non-acoustic
parameters, Polyurethane foam.

ABSTRACT

The paper presents the identification of the non-acoustic parameters of the JCA model for
determining the sound absorption coefficient of open-cell polyurethane foams using
hybridization of the Grey Wolf (GWO) and Puma (PUMA) algorithms. The main advantage of
hybridization is the combination of the excellent search of the space of possible solutions of
the GW algorithm with the fast convergence of the PUMA algorithm. This prevents falling into
the traps of local minima and enables the identification of the optimal parameters of the JCA
model. For method validation, the sound absorption coefficient of the polyurethane foam was
measured using an impedance tube according to the transfer function method (EN ISO 10534-
2:2001). Then, the hybridized GWO-PUMA algorithm was then used to identify the JCA model
parameters corresponding to the measured values. The results showed excellent agreement with
an error of less than 1% compared to the experimental data. The identified values of the
physical parameters can be used to design polyurethane foams with desired acoustic properties,
which confirms the proposed GWO-PUMA hybridization algorithm as a valuable tool in
designing acoustic materials.
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ABSTRACT

Continuous fiber fused filament fabrication (CF4) is a layer-by-layer printing technique that
produces continuous carbon fiber-reinforced polymers (CCFRPs) with in-plane spatial varying
material distribution and orientations. This allows for fabricating variable-stiffness composite
laminates (VSCLs) with great flexibility. However, designing VSCLs can be challenging due
to the complexity of the design space and the various design parameters involved. As a result,
advanced computational design tools are necessary to utilize the design freedom offered by
CF4 fully [1].

One such computational design procedure is topology optimization based on the geometry
projection (GP) method [2]. This method uses geometric primitives such as bars and/or plates
described by geometric parameters; these primitives are then mapped onto a density field---
discretized via a fixed finite element mesh---for analysis. GP has been successfully used to
optimize the layout of FRBs for maximum structural stiffness, both in 2D and 3D [3], and the
technique was later advanced to consider primitives made of fiber-reinforced plates [4].
However, GP has mainly been used to design structures as assemblies of individual fiber-
reinforced components. Thus, its application in designing monolithic composite structures, in
which fiber-reinforced components form out-of-plane overlaps (or stacks), has yet to be
demonstrated. This is essential because stacking at angles that are not parallel can be crucial in
lowering the strain energy by optimizing the orthotropic ratio (E2/Ei1) so that the stiff fiber
direction aligns with all the intersecting load paths. This challenges the current GP
methodology because the smooth maximum function (i.e., softargmax) implementation pushes
the design to attain a discrete component choice instead of aligning the primitives with all
intersecting load paths. In current GP techniques, points that lie at the intersection of two or
more primitives (i.e., joints) are assigned the material of one of the primitives, which means
they do not capture the mechanical behavior at joints that would be obtained from overlapping
components.

We present a GP method to enable the design of VSCLs. Using FRBs as features
significantly enriches the GP methodology. First, by employing theories that describe
composite laminates, we endow the GP technique with the ability to model overlapping FRBs
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in the design, thus allowing for stacks of unidirectional plies or layers. These overlapping
regions are then represented in the density field by exploiting the dual nature of GP.
Specifically, the equivalent single-layer model based on first-order shear deformation theory is
used to compute the reduced-order stiffness of FRBs. Second, we formulate a simple material
interpolation approach to consider the effect of overlapping primitives. This is contrary to
previous GP techniques that employ a softargmax interpolation for which regions of
intersecting primitives are assigned the material of one overlapping primitive. Finally, to ensure
that GP yields print-ready designs, we define a minimum length constraint for the bars by
assigning a length-dependent weight to each component, computed using a sigmoid function,
and effectively removing the bar from the design if its length does not attain the specified
minimum value. Several minimal-compliance examples demonstrate the proposed
methodology's applicability and effectiveness.
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ABSTRACT

Modelling and simulation of the highly non-linear dynamic response of gear pairs is an
essential part of understanding dynamic phenomena such as rattling. Such analyses can be
typically performed using extensive tooth contact analysis algorithms, noise vibration and
harshness simulations or simplified models. Numerous works have been published on the
dynamic simulation of standard gear geometries.

The present work aims at the dynamic modeling of high-pressure angle spur gears ranging
from 30 to 35 degrees. The benefits and potential of such gears have been previously presented
by the authors. However, although high-pressure angles are used extensively in asymmetric
gearing, very few works can be traced to the dynamic simulation of such geometries. In the
context of the present work, custom, optimized spur gear tooth geometries are used to evaluate
the mesh stiffness of high-pressure angle gears employing analytical calculations and finite
element analysis data. The non-linear load and position dependent mesh stiffness is formulated
in closed form and used in a single DOF dynamic model predicting the transmission error of a
gear pair as well as meshing nonlinearities including contact reversal and loss of contact.

The results are presented both in the time domain (time series) and in phase diagrams
providing comprehensive understanding of the dynamic response of the examined gear pairs.
Moreover, the results are also compared versus standard ISO geometries in order to further
evaluate the performance of the proposed non-standard tooth profiles.

Finally, the contribution of the material properties on the dynamic response is also presented
and discussed upon.
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ABSTRACT

Internal corrosion of steel gas pipelines occurs due to the presence of water in natural gas.
Water chemically reacts with carbon dioxide (COz), hydrogen sulfide (H2S) and oxygen (Oz),
creating unwanted internal corrosion products such as iron carbonate (FeCOs3), iron sulfide
(FeS) and iron oxide (Fe3O4, FeOOH). Black powder was formed from internal corrosion
products mixed with salt, sand, liquid hydrocarbons and metal residues [1].

Black powder can cause various problems at gas pipeline systems: reduce flow efficiency;
clog and collapse filters; make deposition on gas measurement devices; clogging of
instrumentation and valves and accelerated deterioration of valves due to erosion [2]. For
example, the contamination of the orifice meter can influence the parameters of gas flow
through the orifice meters [3].

In order to prevent the appearance of black powder in the gas pipeline system, the legal
regulations of countries limit the content of certain components in natural gas. For instance,
according to legislation in Republic of Serbia, the natural gas which is taken into system and
delivered from the system must not contain water and the content of the following components
in natural gas must be limited to: 1 mol% CO2, 2 mol% H2S and 0.02 mol% O: [4].

For the purpose of this work the samples of contaminants were removed from the filters of
the four main gas metering and regulating stations. The chemical characterization of samples
was performed using an energy dispersive spectrometer (EDS). Chemical analysis showed that
tested samples mainly contain iron Fe, carbon C and oxygen O. These elements are indicators
of formation of internal corrosion products as iron oxide (Fe3O4, FeOOH) and iron carbonate
FeCOs. This is also confirmation of black powder presence in the natural gas transmission
system. The presence of black powder at the filter of main gas metering and regulating station
points out that water exist in the natural gas transmission system. Analysis of the chemical
contaminants that are periodically removed from the filter can be a useful diagnostic tool of the
gas pipeline system from the point of view of prevention of internal corrosion.
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ABSTRACT

One of important tasks, for which quadrotors can be used, is transportation of payloads
suspended with strings or ropes. The fact that the payload can move with respect to the
quadrotor body and thus disturb the motion of the quadrotor requires developing the dedicated
control algorithms. In literature, there were discussed various aspects of dynamics and control
of such systems (e.g., [1-3]). However, usually, the payload is supposed a mass point of a
sphere, and its aerodynamics is either neglected or reduced to the drag force only. The aim of
the present work is more detailed consideration of the acrodynamic forces acting upon the
payload.

We consider a copter (quadrotor) with suspended payload (see Fig. 1). The load is attached
to the center of masses G of the quadrotor with a massless string. The payload is a symmetrical
body with a plane of symmetry perpendicular to the plane of drawing and passing through the
line PG (where P is the center of mass of the payload). The system can move in the vertical
plane.

Fig. 1. A quadrotor with a slung payload

It is supposed that the payload is subject to aerodynamic forces that can be reduced to the
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lift force Lp and drag force Dp applied in the center of mass of the payload. In order to describe
these forces, we use the quasi-steady approach, which implies that they depend only upon the
instantaneous angle of attack a and instantaneous velocity Vp of the point P.

It should be noted that in real life the acrodynamic characteristics of the payload might be
unknown. However, for a wide class of payload shapes, values of aerodynamic coefficients lie
to certain intervals. Thus, a question arises, whether (and under which conditions) it is possible
to construct a robust control that would ensure stabilization of the desired motion of the system
(such as steady upward/downward motion, or steady horizontal flight) for any aerodynamic
characteristics belonging to the predefined range.

In this work, the area in the space of parameters is determined where robust (in the above
sense) stabilization of the upward/downward steady motion is impossible. For the cases when
it is possible, different strategies for constructing the robust stabilizing control are proposed
and discussed, and their advantages and drawbacks are outlined.

The study is supported by the Russian Science Foundation (Project No. 24-29-00151).
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ABSTRACT

The natural pumping mechanism known as peristalsis is crucial for driving biological fluids
through bodily systems. However, the surface roughness of physiological vessels significantly
impacts fluid slip and resistance within these systems. This study utilizes specialized equations
designed for low Reynolds numbers and extended wavelengths to explore how wall surface
roughness affects fluid flow and heat transfer. Through an analytical approach supported by
MATLAB simulations, the research generates visual representations that provide valuable
insights. The findings indicate that various parameters, including surface roughness, non-
uniformity, Grashof number, Nusselt number, and heat source parameter, significantly
influence pressure gradients, velocity fields, stream function, and entropy generation
distributions within the microchannel. The study shows that surface roughness can either
enhance or impede fluid movement, affecting overall efficiency and heat transfer rates in
peristaltic systems. By understanding these effects, the research sheds light on the complex
interactions between fluid dynamics and thermal properties in peristaltic flows. Additionally,
the study highlights potential areas for further investigation, particularly focusing on non-
Newtonian rheological effects in peristaltic pumping combined with heat transfer and surface
roughness. These insights are essential for advancing our comprehension of peristaltic
mechanisms in biological and industrial applications, where precise control of fluid flow and
heat transfer is necessary. The enhanced understanding from this study could lead to improved
designs and operational strategies for systems relying on peristaltic pumping, particularly in
medical and engineering fields where surface roughness and heat transfer are critical factors.
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ABSTRACT

To design and optimize a shell and tube heat exchanger at Haditha Hydro Power Plant, it is
essential to understand the background of the study. Developing an efficient heat exchanger
involves minimizing costs while ensuring optimal heat transfer performance. As such,
accurately determining the required minimum heat transfer area for a specific heat duty is
crucial, as it directly influences the overall cost of the heat exchanger. The main issue faced by
the industry is the excessive heat generated by the primary transformer at the Haditha hydro
power plant, leading to overheating concerns. Therefore, the aim of this project is to design a
Shell and Tube Heat Exchanger for oil cooling that optimizes performance and addresses the
overheating problem. Various optimization techniques, including altering flow direction,
utilizing finned tubes, and combining these methods, are evaluated to identify the most
effective solution that achieves the highest average thermal efficiency and meets the necessary
temperature change requirements.
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ABSTRACT

Building on the experience of applying the Artificial Neural Network (ANN) model in
mechanical engineering education at the Faculty of Economics and Engineering Management
(FIMEK) in Novi Sad, this paper explores the innovative extension of these models to enhance
cognitive skills in children through structured chess education and logical games. Utilizing 20
years of expertise from Chess Emporium, the largest chess education company in Arizona,
based in Scottsdale and currently operating in approximately 500 schools, the ANN model
originally designed for mechanical engineering courses is adapted to personalize learning
experiences for children. This model optimizes the selection of chess problems and logical
games based on individual skill levels. Data from chess tournaments organized by Chess
Emporium serve as the foundation for this model, demonstrating its potential to develop logical
thinking, problem-solving abilities, and overall cognitive functions in young learners. The
interdisciplinary application of mechanical engineering principles to educational technology
highlights significant improvements in children's logical reasoning and academic performance.
The integration of empirical data analysis, machine learning techniques, and practical
implementation in educational settings underscores the model's efficacy and scalability.
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ABSTRACT

We analyze three types of rogue wave (RW) clusters for the quintic nonlinear Schrédinger
equation (QNLSE) on a flat background. The exact QNLSE solutions are generated using the
Darboux transformation (DT) scheme and they are composed of the higher-order Akhmediev
breathers (ABs) and Kuznetsov-Ma solitons (KMSs) [1]. We analyze the dependence of their
shapes and intensity profiles on the eigenvalues and evolution shifts in the DT scheme and on
three real quintic parameters. The first type of RW clusters, characterized by the periodic array
of peaks along the evolution or transverse axis, is obtained when the condition of
commensurate frequencies of DT components is applied. The elliptical RW clusters are
computed from the previous solution class when the first m evolution shifts in the DT scheme
of order n are equal and nonzero. For both AB and KMS solutions a periodic structure is
obtained with the central RW and m ellipses, containing the first-order maxima that encircle
the central peak. We show that RW clusters built on KMSs are significantly more vulnerable
to the application of high values of QNLSE parameters, in contrast to the AB case. We next
present non-periodic long-tail KMS clusters. They are characterized by the rogue wave at the
origin and n tails above and below the central point containing the first-order KMSs. We also
show that the breather-to-soliton conversion can transform the shape of RW clusters by careful
adjustment of the real parts of DT eigenvalues, while remaining parameters are left unchanged.
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ABSTRACT

The results of welding simulation models depend heavily on the input parameters,
particularly on the parameters of the heat source model. In this study, we present a method for
estimation of the heat source parameters for a three-dimensional quasi-stationary heat transfer
model for gas metal arc welding. In the case of a double-ellipsoidal heat source, five parameters
are commonly used, the values for which are primarily determined by the researcher's
experience. This approach can be a source of error; to estimate these values and to reduce
computational time, we applied a calibration procedure using a Taguchi-based set of simulation
results from the numerical model. In combination with grey relational analysis and two
objective functions based on weld geometry, this approach showed very good results
considering the matching between simulation and experimental results.
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ABSTRACT

Trajectory tracking is one of the key aspects of robot control system design. High-precision
trajectory under disturbances, unmodeled dynamics, and parametric uncertainties of robotic
systems is a highly challenging task for multiple DoFs. Many different control approaches,
from simple PID controllers to advanced controllers such as Sliding Mode Control, Adaptive
Control, Robust Control, Fuzzy Control, and Model Predictive Control (MPC), are used within
trajectory tracking problems for robotic systems [1]. One of the control strategies suitable for
trajectory tracking problems for systems executing repetitive tasks is Iterative Learning Control
(ILC) [2]. The ILC is an intelligent, memory-based control method aimed at improving the
transient response performance of the system that operates repetitively over a fixed time
interval [3]. Several papers tackle improving the MPC with iterative learning controllers [4],
[5]. This research presents the integration of MPC and ILC using a simple structure consisting
of a cascaded ILC and MPC controller (Fig. 1.a) for position control of the robot manipulator.
The motivation for the cascaded structure is that the ILC controller does not interfere with the
MPC controller’s nonlinear optimization solver since the parallel structure of the ILC and MPC
would make MPC’s objective function more complex.

Fig. 1. a) Block diagram of the proposed cascaded ILC-MPC control strategy; b) Planar
manipulator model.

The proposed control system is verified via numerical simulation on a two-degree-of-
freedom planar manipulator (Fig. 1.b). The constant disturbance (time and iteration-wise) is
considered in the simulation model. The reference trajectory in joint space is set to be a cubic
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polynomial. The performance of the proposed control system is evaluated using Maximal
Absolute Error (MAE).

For each iteration, MAE is calculated and plotted as shown in Fig. 2.a, from which it can be
concluded that the ILC controller reduces the tracking error for both joints in approximately
four iterations. Fig. 2.b shows that the first joint tracks the reference trajectory almost perfectly
while the second joint has a larger tracking error, although still significantly reduced in
comparison to the sole MPC controller.

Fig. 2. a) Maximal absolute error over 10 iterations per robot joint; b) Reference q;?‘ Versus
actual g; joint trajectories pre joint (j = 1, ..., n, n — degrees of freedom).

The proposed Cascaded ILC-MPC control solution for robotic systems shows promising
results. Further investigation should encompass the reduced dynamics model in the MPC and
the fractional derivative in the ILC.
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ABSTRACT

We propose a data-driven method to enhance the time resolution of snapshot Particle
Image Velocimetry (PIV). The method consists of the time integration of empirical Galerkin
models based on Proper Orthogonal Decomposition (POD) modes of the flow field, as
developed by Noack et al. 2005 [1]. The objective is to extract time-resolved (TR) flow
dynamics from non- time-resolved (NTR) velocity datasets.

PIV is an experimental technique to measure instantaneous flow velocity fields. Time-
resolved PIV measurements enable capturing the dynamics of turbulent flows. However, it
is highly constrained by the cost of equipment, and technological limits as the maximum
sampling rate of cameras, pulsation frequency of light sources, and lowest signal/noise ratio
due to the limited laser-pulse intensity and camera sensitivity. Snapshot PIV (i.e. delivering
instantaneous fields without time resolution) is on the other hand a consolidated and
widespread technique. It is however limited in the description of the dynamics of the flow.
Increasing time resolution of snapshot PIV up to the level of describing the dynamics of the
flow would be an enabler for flow description in configurations where TR PIV is unfeasible.

Despite their chaotic behaviour, turbulent flows show inherent patterns with dynamics
often evolving on low-dimensional manifolds. This enables the development of simplified
models that capture the main dynamical features of the flow. This approach has been studied
previously in works exploiting physical constraints, such as Taylor’s Hypothesis (Kar &
Ganapathisubramani, 2012 [2]; Scarano & Moore, 2012 [3]) or advection of vorticity
(Schneiders et al. 2016 [4]). However, the main constraint of these approaches is the validity
of the hypothesis behind them.

This work focuses on the application of the Galerkin model for time super-sampling of
NTR velocity measurements that can be obtained from PIV experiments. This Galerkin
approximation is based on the projection of the incompressible Navier-Stokes equation on a
domain spanned by an orthogonal basis obtained through a POD (Berkooz et al. 1993 [5]) of
the fluctuation velocity fields, obtained from an SVD of the snapshot matrix u’

u=prX¥:=da @))]
Note that the snapshot matrix, u’, has dimension Npx N¢, with Np thenumber of points
per snapshot, N¢the total number of snapshots, and most often N¢< Np. @ € rNp*N txe
RNEONt and w € RVE*Nt are matrices of the spatial modes, the singular values, and the

temporal modes, respectively. a=XW¥* € RNNE gre the temporal coefficients. Projecting
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the incompressible Navier Stokes equations on a set of N spatial modes it is obtained a set of
N ordinary differential equations:

d _ 1vnN N N
2% _EZ}':OZU a; + Y o Li—odijkc Aj A )

Lijand qiji are the coefficients of the viscous and convective terms which describe the
interaction between modes. The Galerkin model allows to represent the flow system with
a relatively small set of ordinary differential equation that can be integrated in time describing
the dynamics. Consider a certain NTR PIV sequence the flow dynamics between two
snapshots can be reconstructed integrating backwards and forward the set of equations (2).

To test the method, we employ planar PIV measurements of a water jet flow at Reynolds
number equal to 3300. A set of 40000 TR velocity snapshots measured with a time separation
of dt=0.0011s is subsampled taking 1 snapshot every 40 from the TR dataset, being
D=0.03m the jet diameter and Ub=0.11m/s the bulk velocity, and fed to the Galerkin
model, which reconstructs the flow with 80% of the total energy (92 modes). Figure (1)
shows a comparison of the streamwise velocity fields of the jet flow reconstructed at two
instants of time. The Low Order Reconstruction (LOR) from the original time-resolved
sequence is included for comparison. The first one is a snapshot within the NTR training
dataset and the second one corresponding to a snapshot equispaced between two snapshots
of the input dataset. Preliminary results show that the velocity fields are effectively
reconstructed, suggesting the usefulness of the proposed methodology.

Figure 1: Low-order reconstruction with 92
modes of streamwise velocity fluctuation
contours. Left: snapshot used as initial
condition. Right: reconstructed snapshot
located in the middle between two snapshots
of the subsampled sequence. From top to
bottom: reference field, LOR, and result from
Galerkin model.
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ABSTRACT

The objective of the present work is to provide a comprehensive cooking solution for a single
rural household of western India. A Scheffler type solar concentrator-based cooking system is
conceptualized for the above requirement due to its unique feature of stationary Receiver.
Prime attributes of the proposed system are stationary cooking place, thermosiphon-based
system and low cost which makes this suitable for rural applications. The proposed system
consists of a Scheffler dish operated Stove (rectangular box of 55 cm x 35 cm x 20 cm) having
two customized vessels viz. cooking vessel 2.5-liter capacity and a cooking pan(griddle) of 25
cm diameter made of SS 304 and cast iron respectively. Thermosiphon effect is used to carry
the heat from the receiver to the stove using thermic fluid (Shell Thermia S2”). Based on the
mathematical model developed, the approximate thermosiphon flow rate comes out to be 0.80
LPM or 2.63 cm/s for a pipe diameter of 1 inch. To check thermosiphoning and thermal
feasibility of the system, CFD analysis was done for four different configurations to find the
optimum configuration using ANSYS Fluent. After finalizing the design, a prototype
experimental setup was developed and tested using an induction heater to ensure proper
thermosiphon of HTF and boiling process in the cooking vessels. Experimental results showed
close resemblance to the simulation results of thermosiphon for a thermosiphon height of 0.63
m.

185



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

Figure 1 Simulation of Configuration A, B, C, and D
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ABSTRACT

This studies have focused on enhancing and ensuring maximum efficiency and commercial
viability of city wind turbines, including Savonius, Darrieus, Ugrinksy, and their hybrid
combinations. To address this, the present research explores a novel approach incorporating
design, optimization, and 4D printing (which combines 3D printing with a fourth-time
dimension, enabling independent printed components to self-assemble after agitation) for
selected city-appropriate wind turbine types. The research objective is to outline a methodology
that facilitates the design and preparation of wind turbines for successful 4D printing. This
sustainable approach aims to improve wind turbine efficiency by utilizing smart blades and
hybrid models.

By employing this new methodology, we can foster the production, testing, and viability
assessment of wind turbines in urban settings, paving the way for greater sustainable energy
generation in cities.
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ABSTRACT

The complex and turbulent dynamics of three-dimensional flows represent a challenge for
real-time sensing and control strategies. The importance of turbulence in fields like automotive
or aviation motivated numerous research activities focused on drag reduction, unsteady loads,
or mixing-enhancing, in an attempt to develop simplified models for engineering control
applications for problems of unbounded shear flows, such as jets and wakes.

Despite their inherent multi-scale nature and high dimensionality, turbulent flows exhibit
recurrent patterns known as coherent structures. This observation hints at the possibility of
representing some important flow dynamics as evolving on a low-dimensional attractor,
thereby enabling the dimensionality reduction into simpler dynamics. Special attention has
been paid to manifold learning, which aims to identify a low-dimensional surface, referred to
as the manifold, in close proximity to where the dataset is located. Farzamnik et al. 2023
demonstrated that many shear flows can be effectively described with a low-dimensional
manifold.

However, while these techniques have proven successful for flow estimation in the absence
of control actions, it must be recognized that the introduction of control inputs alters the flow
dynamics, thereby affecting the manifold itself. Consequently, any data-driven model must be
trained within the context of such control actuation to accurately identify the state of the
actuated system. This presents a significant challenge for manifold-based control strategies, as
the presence of control inputs complicates the utilization of low-order models or manifolds to
discern control dynamics, given that the control inputs modify the system dynamics itself.

The present work serves as a comparison between some key data-driven linear and nonlinear
manifold learning techniques. The following techniques are highlighted: standard and kernel
Principal Component Analysis (kPCA, Scholkopf et al. 1997), Multidimensional Scaling
(MDS, Cox and Cox 2008), isometric featuring mapping (ISOMAP, Tenenbaum et al. 2000)
and Local Linear Embedding (LLE, Roweis and Saul 2000). For this purpose, the fluidic
pinball (Noack and Morzynki 2017) is chosen as a test case. The fluidic pinball is a
configuration of three cylinders invested by a uniform flow, whose rotation can be controlled
independently to manipulate the flow. This test case represents an excellent multiple-input
multiple-output benchmark due to its simple dynamics. Nonetheless, the wide range of control
possibilities makes this approach more intricate, being able to produce an extensive span of
flow configurations.
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In this document, a simplified dataset of the fluidic pinball is utilized. None of the cylinders
rotate and the Reynolds number is set to Re = 130, entering into the chaotic regime. The low-
dimensional manifolds obtained with PCA, kPCA, MDS and ISOMAP are gathered in Figure
1. We anticipate that non-linear manifold learning techniques allow to obtain a clearer
representation of the flow evolution.

Figure 4. Three-dimensional embedded manifolds of the fluidic pinball at Re=130 for PCA,
kPCA, MDS and ISOMAP
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ABSTRACT

Biological structures typically generate a uniform strain field to avoid overloading or
underutilizing material. Inspired by the branching architecture of trees in nature, we formulated
bio-inspired criteria for uniform strain distribution, which are used as objective functions in the
shape optimization process!!*.

We developed a framework for robust bio-inspired shape optimization of statically loaded
structures, based on isogeometric analysis (IGA)®), which accounts for geometrical
uncertainties arising during manufacturing. As shown in the figure, the key steps include:

(1) design variables are about some control points of the geometric model;

(2) computer-aided design model is established based on IGA;

(3) the Latin hypercube sampling!®! is adopted to obtain the geometrical uncertainties sampling
points;

(4) IGA method is employed to analyze the structure model of each sampling case based on
the sampling data, obtaining the strain values of each node of the discretized element in the
physical space through numerical simulation;

(5) bio-inspired criteria are applied as objective functions;

(6) the non-dominated sorting genetic algorithm-II (NSGA-II)!”! is chosen as the optimization
algorithm to update design variables to obtain the Pareto front;

(7) the level diagrams method!® is regarded as the technique for visualization to select the
optimal design.

Fig. The framework for robust bio-inspired shape optimization.
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Finally, we compare the bio-inspired criteria for uniform strain distribution with classical
criteria for strain minimization. The results show that bio-inspired criteria achieve a more
uniform strain distribution and reduced strain in each element. While classical criteria provide
acceptable results, bio-inspired criteria offer a more preferable outcome for designers. This
research provides new criteria for structural robust design.
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ABSTRACT

The aviation sector employs various air-breathing engines for propulsion. The adoption of
scramjet engines holds significant promise for high-speed air and space travel innovation.
However, optimizing the combustion process within scramjet engines poses a complex
challenge due to the extreme flow conditions. This study focuses on understanding the
combustion mechanism within a scramjet combustor, specifically concentrating on designing
and enhancing the fuel injection system. Using 2D-RANS reactive flow simulations and a
simplified chemical kinetics model, the research investigates the impact of different strut +
cavity injection configurations as potential flame stabilizers on supersonic reacting flow. The
simulations indicate that scramjets employing strut + cavity configurations generate stronger
shockwaves compared to those without cavities, leading to pronounced recirculation zones.
Moreover, the presence of cavities prolongs air residence time within the combustor, promoting
stable combustion.

Computational modelling

Unsteady RANS simulations were performed using the governing equations and species
transport equations. An implicit formulation and the advection upstream splitting method
(AUSM) were utilized in a density-based solver, employing a second-order upwind
discretization technique to solve the governing equations [1]. The SST K-w model was chosen
as the turbulence model [2]. To ensure standard acceptable stability, the Courant number was
set to 0.5.

Results and Discussion

In the preliminary study, computational simulations were carried out to comprehend various
flow parameters and their effects. This involved analyzing the boundary layer separations,
recirculation region, mixing and total pressure losses. This enables an analysis of the impact of
different combined fuel injector’s effects on supersonic combustion. These insights can
contribute to the effective design of engines under working conditions. A detailed analysis can
be further conducted by examining the various contours produced by the simulations.

193



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

Outlook for Complete Paper

The potential outcomes of the complete paper involve offering in-depth insights into turbulent
combustion and fuel injection strategies within supersonic combustors. Additionally, it aims to
provide a thorough examination of the effectiveness of passive mixing mechanisms in
combined strut and cavity-based designs. These findings are anticipated to improve engine
efficiency and offer valuable guidance for the development of future practical scramjet engines.

Fig. 1 Numerical schlieren for different fuel injectors
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ABSTRACT

Surface texturing plays a crucial role in tribology, impacting various engineering
applications [1] and the use of biomimetic surface texturing in areas where friction is
significant, is an ongoing field of research [2]. Nature provides numerous examples that inspire
these advancements, such as the textured surfaces of snakeskin for reduced friction [3], shark
skin for drag reduction [4], gecko feet for enhanced adhesion and friction [5], frog legs for
optimized movement in water [6], and lotus leaves for their water-repellent properties that can
reduce drag [7]. These natural surfaces offer insights and solutions that enhance human
technology and efficiency, leading to innovations that improve performance, durability, and
sustainability across various industries.

This study investigates the potential of tapered micro-pillars, inspired by gecko feet, to
enhance friction control properties on textured surfaces. Specifically, it examines the contact
interaction between a textured PDMS surface and a curved SiO2 surface, aligning with the work
presented in [8]. This research is part of the research project “WerSURF: From Micro to Macro
Scale: Nature-Inspired Hierarchical Surfaces for Tribology”, funded by the Basic Research
Program of National Technical University of Athens. To investigate this, a 3D numerical model
was developed using COMSOL software employing the Finite Element Method (FEM).
Initially, the texture surface geometry was parametrized using CAD tools, allowing for the
examination of a sufficient number of design points (different aspect ratio, number of pillars,
etc.). The analysis was conducted as a time-dependent study, utilizing the structural mechanics
solver. The computational domain was defined as a square with dimensions of 500 x 500 um
while the pillar height was equal to 150 um and its diameter was varying between 75 um and
40 pm. Several assumptions were made, including a constant friction coefficient throughout
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the simulation. The boundary conditions involved the application of axial pretension to induce
the required normal load, along with a specified relative velocity of 10 um/s imposed to the
curved SiO2 surface.

Figure 1. illustrates the response of the x-component of the total reaction force on the fixed
PDMS surface. It showcases the overall behavior of a one-pillar case study, involving the
engagement, deflection and disengagement of the pillar which leads to an almost constant force
of increase magnitude throughout this timespan, emphasizing the significant impact of the
investigated texture on the friction coefficient.

2 ‘

F (uN)

! I ! I I I
0 1 2 3 4 5 6 7 8

Figure 1. Reaction force (x-component) response along with Von Mises stress contours at
characteristic timesteps.
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ABSTRACT

Some contributions to the research of the turbulent swirling flow in jet behind the axial fan
impeller with twisted blades is presented in this paper. Numerous measurements and profound
analysis are presented in [1]. Experimental investigation is performed by use of the three-
component laser Doppler velocimetry (LDV) system [1, 2]. Previous optical based
measurements of the turbulent swirling flow in pipe and diffuser have been performed and
presented in [3, 4], respectively. A good overview of the literature is provided in [1, 3, 4].

The generated turbulent swirling flow is three-dimensional, inhomogeneous and
anisotropic. Complex experimental, numerical and theoretical approaches were applied. Here
is analyzed three dimensional time-averaged velocity field ¢ (U, V, W), where C is total velocity,
while U is axial, V radial and W circumferential velocity components. This velocity field is
very complex, characterized by inhomogeneity and distinct gradients, especially in the radial
direction.

Axial fan impeller has blades with variable angle and here is adjusted angle 30° at the axial
fan outer diameter which is 0.399 m. This is denoted as the ZP30. Measurements have been
performed in ten measurement sections along vertical directions [1, 2]. Measuring sections
along the axial fan rotating axis are x = 300, 400, 600, 800, 1000, 1200, 1400, 1600, 1800 and
2000 mm. Here are presented measurements for the axial fan rotation speed n = 1500 rpm.

In Figure 1.a are presented experimentally obtained distributions of the total velocity ¢ along
the axis and radius, i.e. c=c(r, X). The development of the flow is observed and continuous
deformation of the velocity profile with gradients in the radial and axial directions occur.

Circumferential velocity (W) significantly deforms profile of the axial velocity (U), which
is thoroughly discussed in this paper. Radial velocity (V) development and distribution are also
correlated with the presence and distribution of the circumferential velocity, what will be also
analyzed in the paper.

In Figure 1.b are presented distributions of all three velocity components Ui= U, V and W
for ZP30 and the same fan rotation speed in section III, where x = 600 mm. Unm is average
velocity, which is for this III measuring section and fan rotation speed n = 1500 rpm, Un =
12.57 m/s. Reynolds number is Re = 358951. Average circulation is calculated after the
following equation:

I' = 4n?R? [ k? UWdk/Q, where k= r/R.
It has value "= 4.93 m?%/s.
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a) b)

Figure 1. a) Total velocity distributions ¢ = c(r, x) for ZP30 and n = 1500 rpm and b) all
three velocities (Ui= U, V and W) distributions in the 11l section, i.e. x = 600 mm.

The presented empirical profiles of all three velocities show that in addition to the global
maxima (within the respective sections), for example for section III (Figure 1.b), Umax is
reached for r/R =~ 0.65 and Wmax for r/R = 0.4, there is also a significant number of local maxima
for all three velocity components. The complexity of the structure of the averaged velocity field
becomes even more obvious when to the previous elements is added the presence of
heterogeneous changes of the orUi for all three components in the radial direction of the
turbulent swirling jet, what will be, also, discussed in the paper.
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ABSTRACT

Objective

The microscale heat transfer is now very much essential to analyse and applicable in various
smart thermal devices like microchannel heat sinks, micro heat pipes, thermosyphon, and micro
heat exchangers, etc. The present analysis discussed the heat and mass transfer in nanofluids
flow driven by multi-membranes pumping mechanisms (Ghost-Valve model).

Methodology

Analytical solutions have been obtained for governing equations (continuity, momentum,
energy and concentration equation) through dimensional analysis and the lubrication technique,
and MATLAB software has been employed for graphical results. The results demonstrate the
impact of operational parameters on axial velocity, transverse velocity, stream function,
pressure gradient, temperature profile, nanoparticle fraction profile, volumetric flow rate and
wall shear stress.

Key Outcomes

A larger time phase lag diminishes the contraction for the first membrane as compared to the
second membrane, which alleviate the reverse flow and promoting forward fluid movement. It
is further reported that the membrane-based pump can effectively control micro level fluid flow
and heat transfer in microchannel.

Applications and Future Scope

This model explores the applications in various fields where precise control of fluid flow and
heat transfer is essential, such as electronics cooling, energy conversion, desalination, and
biomedical devices.
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ABSTRACT

The aim of this study is to evaluate the feasibility of seismically strengthening existing steel
frames. Through computational analysis of a bare frame, two methods of seismic strengthening
were proposed. The expected behaviour of each of the three tested steel frames was determined
through initial iterative calculations using numerical models. The dimensions for the two
strengthening methods were derived from the numerical analysis of the bare frame: one
employing a specialised inverted V-bracing (Chevron) system, and the other using a dissipative
TADAS connection. The study explored two seismic strengthening methods for steel frames:
Inverted V-bracing (Chevron) system and Dissipative TADAS connection. These methods
were designed to improve the load-bearing capacity while maintaining or enhancing ductility.
Computational models helped establish the dimensions for both strengthening techniques. The
strengthened frames, along with a bare frame, were subjected to static reversed cyclic
displacement control tests up to failure, following FEMA 461 standards.

= Bare Frame (BF): The testing of the BF and TADAS frame (TF) was halted due to

significant global out-of-plane instability. The ductility and stiffness of the BF were
used as benchmarks for comparison.

= Chevron Frame (CF): Testing was discontinued following brace tensile failure. The CF

showed 0.6 times lower ductility and 5 times higher initial stiffness compared to the

BF.

= TADAS Frame (TF): The TF exhibited 1.4 times higher ductility and 2 times higher

initial stiffness compared to the BF. Notably, the TF dissipated 4 times more energy at

the point of failure than the CF, indicating superior performance in energy dissipation.
The cyclic responses of all specimens displayed symmetrical behaviour. The maximum lateral
load capacity for the CF was twice as high as the BF, and for the TF, it was three times higher.
The study concluded that both Chevron and TADAS strengthening methods significantly
enhance the seismic performance of steel frames. The CF provided higher stiffness but lower
ductility, while the TF offered a balanced improvement in both stiffness and ductility. The TF's
ability to dissipate energy was notably higher, making it a preferable choice for seismic
strengthening.
Key findings include:

= The CF achieved twice the lateral load-bearing capacity compared to the BF.

= The TF achieved almost three times the load-bearing capacity compared to the BF.

= The TF exhibited 32% greater displacement capacity than the CF.

= The TF dissipated 4 times more energy than the CF at the point of failure.
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The study underscores the importance of careful design in maintaining the plasticization
hierarchy, particularly for the TADAS element. The enhanced load-bearing capacity and
energy dissipation characteristics of the TADAS frame make it an effective method for seismic
strengthening of steel structures. In summary, both strengthening techniques significantly
improved the seismic response of the steel frames, with the TADAS connection offering
superior overall performance, which is confirmed by numerical models in OpenSees, covering
all failure mechanisms. This research highlights the potential for applying these methods to
existing structures to enhance their earthquake resilience effectively.

Figure 1. Geometries of steel frames: Inverted V-braced/Chevron (left) and TADAS frame (right)

Figure 2. Representation of numerical models: Inverted V-braced/Chevron (left) and TADAS frame
(right)

Figure 3. Global hysteresis responses: Inverted V-braced/Chevron (left) and TADAS frame (right)
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ABSTRACT

A supply chain is a system of complex networks that connects suppliers and customers
through products, services, and information flows. Its goal is to find the best route for a specific
vehicle to serve a group of customers in a predetermined amount of time. In an open-loop
supply chain, decisions are made at the beginning of the planning horizon without the
possibility of revising them based on future information. This contrasts with closed-loop
systems, where feedback and real-time information can adjust operations dynamically. A
Capacitated Open Loop Stochastic Supply Chain Network (COLSSCN) refers to a supply chain
model that incorporates various complexities such as capacity constraints, open-loop structure,
and stochastic elements. A Modified Bee Algorithm (MBA) for Capacitated Open Loop Supply
Chain Network Problem (COLSCNP) is presented in this article. This algorithm is used to find
shortest path such that a distributor visits each city exactly once. The COLSCNP is an extension
form of SCNP. In COLSCNP, the aim is to reduce overall transportation costs.

As a numerical problem, considered supply chain network system of a biscuit industry. The
company primarily produces a wide range of biscuit products and operates in a highly
competitive environment, as producers attempt to enter the biscuit business under investigation.
It provides a small number of large chain store industries, and on the other, it continues to serve
a lot of small retailers. As a result, the company has to deal with a number of lean SCNs. The
chain store industries have a leading role in such partnerships. It was found that the goods cost,
on-time delivery, and flexibility are critical metrics for the company in question. We have
proposed a general optimization-based methodology to address the problem of optimally
controlling a supply chain with a cost-cutting objective. The proposed work can further be
extended to areas in various industrial problems including transportation, logistics, and
semiconductors.

Conclusion:

In this paper, the proposed Bees Algorithm (BA) for the Capacitated Open Loop Supply
Chain Network Problem (COLACNP) is able to perform good quality solutions. The result
shows that

203



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

algorithm has reduced cost and enhanced performance for SCNP. BA is used to obtain best fit
result of a probabilistic operations research problem in this paper. This study concludes that
introduced methodology is a best to obtain optimal route for distributed products from
manufacturer points to customers. It is a best route for a certain vehicle with its minimum value
according to demands. The algorithm's main strength is that it uses scout bees to conduct global
explorations and recruiter bees to conduct local exploitation. The algorithm's main flaw, on the
other hand, is that it is decision variable dependent, which means that every instance may
require distinct values. The use of automatic parameter tuning strategies is something we intend
to do in the future.
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ABSTRACT

The mass optimization of axially functionally graded (AFG) circular Timoshenko beams is
considered in this paper for a given fundamental natural frequency. The case of coupled
longitudinal, bending and torsional vibrations is considered based on given boundary
conditions. The Pontryagin maximum principle is applied for shape optimization with respect
to the limited diameter under the constraints of structural integrity and Timoshenko beam
theory. Governing equations are transformed into a system of ODEs and the problem is
formulated as the TPBVP. For the self-adjoined systems all coupled variables except one, are
expressed through state variables, thus the numerical solution is more approachable.

Theoretical considerations are illustrated with a numerical example. In the example,
different boundary conditions and mechanical characteristics of materials are implemented.
The mass reduction is compared for beams with constant cross-sectional profiles and beams
with optimized profiles for the given fundamental natural frequency.
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ABSTRACT

This study presents the charging impact of increasing electric vehicles on the grid. Electric
vehicle charging during peak hours can cause stability issues, power quality issues, and
overloading of the distribution network as the charging of electric vehicles burdens the grid.
There are other factors that can be hampered due to increased electric vehicle charging, such
as voltage fluctuations, harmonic injections, battery degradation, etc. Mathematical modeling
(MATLAB) has been done using the bus system, and analysis of the impact of charging electric
vehicles is carried out, thereby mitigating stability issues and power quality issues by
integrating renewable energy resources. The mathematical study evaluates the influence of
smart charging of electric vehicle on the grid. Integration of renewable energy resources reduce
the overloading of distribution network.
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ABSTRACT

Due to increasing demands of productivity and accuracy in today’s robotic applications,
scientific community is under constant pressure to deliver more and more efficient control
strategies. This is a challenging task considering the nonlinear nature of robotic structure,
which is often accompanied with some degree of uncertainty of model parameters. Most of
robots work in industrial surrounding and again, most of them are controlled through standard
proportional-integral-derivative (PID) algorithms. The reason for this lies in the relatively
simple structure of PID controller which can be easily implemented in practice, and the fact it
can achieve desired position without steady-state error. However, tuning control gains of the
regulator in order to guarantee transient performance is not an easy task, and deserves further
research.

In our case, a robotic manipulator is actuated by electric motors with reduction gears of high
ratios. The presence of gears tends to linearize system dynamics and nonlinear coupling effects
between the joints can be neglected. This way, each robotic joint can be controlled
independently by using a linear model of DC motor. In this paper we are revisiting the PID
control of robot manipulators in the light of modern control theory, which assumes an
inevitable trade-off between the performance and robustness of the closed loop system.
Efficient load disturbance response is of primary concern when designing a control system.
Also, system should be robust with respect to model uncertainties, i.e. it should possess a
certain degree of relative stability when it comes to modeling errors. It is also important to have
a good response to set point changes. More specifically, in this paper we are interested in
achieving a set point response without overshoot, so that robot manipulator can approach the
manipulated object without damaging it. Last but not least, the closed loop system should be
able to cope with negative effects of measurement noise, and this is accomplished by
incorporating derivative filter in the control design procedure.

All the above specifications are necessary to be captured in an appropriate mathematical
form. For example, the efficiency of load disturbance rejection can be expressed in terms of
the integrated absolute error (IAE) due to a unit step at the process (motor) input. Sensitivity to
modeling errors can be evaluated by the largest value of the sensitivity function. A good set
point response without overshoot can be achieved by placing dominant poles of the closed loop
system in predetermined positions on the negative real axis of the complex S plane. Finally,
noise attenuation can be adequately addressed by limiting the largest value of the sensitivity to
measurement noise. So, having in mind everything stated above, the design specifications can
be formulated as the following optimization problem: find controller parameters that maximize
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proportional gain k subject to the constraints on robustness and sensitivity to measurement
noise. In order to successfully cope with the given problem, it is required to solve four nonlinear
algebraic equations. Some preliminary results of position control of a robot manipulator with
three degrees of freedom are given in the figure below. Controller gains are determined based
on the well-defined constrained optimization problem. Time response of every joint due to the
unit step change of the set point value is shown. It can be seen that a zero overshoot set point
response is obtained, which under a given robustness and performance constraints provides
optimal load disturbance rejection.
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ABSTRACT

In this paper, we considered stationary isothermal compressible subsonic axisymmetric slip
gas flow in annular microtubes. The gas flow occurs due to the pressure difference between the
inlet and outlet cross-section. The length of the free path of the molecules is not negligibly
small compared to the diameter of the microtube. Therefore the effect of gas rarefaction is
taken into account. The level of rarefaction is determined by the Knudsen number. Here we
consider slip flow regime, i.e. flow of low rarefied gas. This enables applying the macroscopic
approach to solve the problems. Hence, the system of governing equations and boundary
conditions is:

D 0% | %6\ _9p 2. (0 10(7D) _0% | [ (0U , 9D
p( Fr ) Z (afz + afaz) 8z ” (aﬁ oF ) t3 “ o7z T 7 (af + az)’ (0
1 267 a(pu) _
7 oF + 0z 0, @)
D = pR,T (3)
~| o 2= aviau ~| . _2-0y ~ﬂ 4
B M T T @

To convert the system of dimensional equations into dimensionless, non-dimensional
variables are introduced:

o v i
U= V=", p =T =%,Z= =— 5
T VS P =TT Zu= = ®)
where index r represents variables at the reference cross-section. As the gas flow is in subsonic
and slip regime, we can assume:

= ne™, kMa? = ye™, kMa?/Re, = fe, ¥ = £V. (6)
where small parameter ¢ is the ratio between the reference diameter 2(R, — R;) and length of
the microtube L. Taking into account (5), (6) and assuming pressure p and velocity components

u and V in the form of a perturbation series f = f, + Kn,f; + 0(Kn?) equations (7)-(11) are
obtained:

R

lez 2pouordr = Ry + Ry, Polz=1 = 1, (7
a2 apy | 4D

A== 24T =0,  Uglpmp, = 0, Uglr=r, = 0, ®)

R

lez 2(pouy + pruglrdr =0, P1lz=1 =0, ©)
a2 a 4B 0 d d

= - (1), o
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) (11)
T7=R,

where the first system (7)-(8) represents the first approximation - continuum, while the second
system (9)-(11) stands for the second approximation - influence of the slip. Systems of
equations are solved successively and a solution for the pressure is attained [1]:

=Ry oy Po Or

2—0y

1
P =po+Knpy = po + Kn, 22 (1= ) (0. (12)

Here py is \/1 + 648 (z — 1)C,. Constants Cy, C,, C5 are:

-1
C=RI=R: C=|(Ri—R)(Co+RE+RDINZ)| 2 (13)

Ry’

R R rRAZ]Y, R
Cy=2 (cf + 4R,R, (C1 + (R? —RyR, + R%)lnR—j) lnR—j) [Mz2 (1n R—j) ] InZ (14

1

R,
R,

Fig. 2. The pressure distribution in annular
Fig. 1. Geometry of the annular microtube  microtube for continuum and slip, with radius
ratio effect

Pressure distribution through annular microtube for continuum and slip is represented at Fig.

1. In the case of rarefied gas flow through annular tubes at low Reynolds numbers, it is shown

that rarefaction leads to a decrease of pressure for the same mass flow. The influence of the

ratio of the outer and inner radius of the microtube on the pressure distribution was also

analyzed. It is shown that an increase of the ratio R, /R, leads to a lower pressure along the

microtube, both in the case of continuum and in the case of rarefied flow. The influence of the
ratio R, /R, is amplified at higher values of the Knudsen number.
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ABSTRACT

The analytical results are important in all science disciplines as they are explicit and can be
benchmarks in solving problems in those domains. Here we focus on gas flow through the
channels of variable cross sections (constant height, convergent or divergent). We consider
steady, viscous, compressible and pressure-driven gas flow. The rarefaction is included as we
intend to consider both the continuum and the rarefied gas flow. It is assumed that the flow is
fully developed and that all the variables change slowly in the streamwise direction.

The correlation between Mach, Knudsen and Reynolds numbers:
xm Ma

2 Re
enables defining the characteristic domains according to these dimensionless parameters (Fig.

1.

100
Ma

0.1

0.01
0.01 0.1 1 10 100 1000
Re

Figure 1 Domains according to Knudsen, Mach and Reynolds number values

We showed in previous research that the perturbation theory gives the analytical results for
both isothermal [1] and non-isothermal gas flow [2] in channels and microchannels. These
solutions were obtained macroscopically, by assuming pressure, velocity and temperature in
the form of perturbation series in the Knudsen number, and then solving the corresponding
systems of equations and boundary conditions. The continuum equations (the continuity and
Navier-Stokes for isothermal flow, and energy equation, if gas flow is non-isothermal) are
order of Knudsen number and correspond to the first order boundary conditions for gas velocity
and temperature. We used the first-order Maxwell boundary condition for the slip velocity at
the channel walls in the case of isothermal gas flow, and Smoluchowski boundary condition
for the gas temperature jump at the channel walls in the case of non-isothermal gas flow. Except
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for the rarefaction, the perturbation method enables including the other effects depending on
the case under consideration: inertia, convection, dissipation, and rate at which work is done in
compressing the element of fluid. According to the Knudsen number values, the perturbation
method covers the continuum and slip gas flow regions, i.e. Kn<0.1 (green area in Fig. 1). Even
though we can use the higher-order boundary conditions here, there is a limit zone in the
beginning part of the transition area (0.1<Kn<0.4), colored grey in Fig. 1. The obtained
analytical results correspond to the subsonic gas flow (Ma<l) and in terms of the Reynolds
number values it is viscous, but laminar gas flow.

Is there any possibility of macroscopic analytical analyses of the gas flow in the transition
and free molecular domains or, in other words, for all Knudsen number values? Can we get the
solutions that hold for channels, microchannels and nanochannels?

The unified approach that was proposed by Beskok and Karniadakis [3] includes the general
velocity slip boundary condition. Besides, it generalizes the dynamic viscosity by using the
rarefaction correction parameter. These two steps enable the analytical solutions for the
velocity and pressure distribution along the channels, which are appropriate for all rarefaction
degrees (channels, micro and nanochannels). The downsides of this approach are using only
tabulated correction parameter values for the discrete Knudsen number values, and the fact that
the analytical results are possible only if inertia is excluded (only for subsonic gas flow). This
approach gives the solutions that correspond the green, grey and blue areas in Fig. 1. Both the
perturbation method and the unified approach used a two-dimensional mathematical model for
the gas flow in channels.

At last, we proposed a one-dimensional model that compensate the drawbacks of the
previous ones [4]. Firstly, we got the explicit correlation between the rarefaction correction
parameter and the Knudsen number. Furthermore, our system of continuum equations included
inertia effect, so its solutions covered both subsonic (green, grey and blue areas in Fig. 1) and
supersonic gas flow (red area in Fig. 1). Finally, the friction factor used in the momentum
equation was specially modelled and made the solutions applicable in the entire Knudsen
number domain. In the case when gas molecules reflect diffusely at channel walls the friction
factor is:

12(1+Kn)

(1+aKn)(1+7Kn)

Here, the Reynolds number is constant along the channel and defines the mass flow rate. The
obtained solution holds for all levels of rarefaction, i.e. for the gas flow through the channels,
microchannels and nanochannels of variable cross sections (constant height, convergent or
divergent).
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ABSTRACT

In this paper the analytical solution for two-dimensional, isothermal, compressible and

subsonic gas flow in a microchannel with slowly varying cross section is presented.
v4
i

hi he
— = —
X
pi Pe

Fig. 1. Geometry of the variable cross-sectoion microchannel.

In order to achieve higher accuracy of the solution for gas flow in slip regime, as well as to
obtain a solution for the initial part of the transition regime, second order boundary condition
for the gas velocity slip at microchannel walls is applied. It requires implementation of the
Burnett momentum equation that comprises the shear stress tensor of the second order. It was
shown that for extremely subsonic gas flow through a channel with slowly varying cross
sections where the height of the channel is much smaller than its length, Barnett's equations
has the same form as the Navier-Stokes equations. Finally, for low Reynolds number flow
(Re<1), which is mostly present in microchannels, the momentum equation is reduced to:

o’u 14
du_1dp (1)
oy pdx
By applying a second-order boundary condition at the walls [1]
ul,_n0 =FAA(2U0/y)[,_ 0 — A2 (0°u/ey?) 00 ©)
2 2 ==
the stream-wise velocity component U is obtained:
h(x)’ :
u= N0 dof _y AKN—2A,Kn* - 3)
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Now, from the integral form of the continuity equation mass flow rate is determined:
h 3
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In this differential equation, there are two dependent variables, p(X) and Kn(x), whereby
there is a dependency between them. Since the mean free path of molecules under isothermal
flow conditions is inversely proportional to pressure, the local Knudsen number (Kn=4/h)

can be expressed through the local value of the Knudsen number at the exit(Kn, =4, /h, ):

Kn = Kn,p.h, /(ph). (%)
It is shown that differential equation (4) could be solved by variable separation only by
expressing pressure via Kn, i.e. by transforming equation into the following form:

Kn.p.h.)’ o
__wh ( epge) I dkn 1 @(1+6A1Kn+12A2Kn2), dh__h-h (6)
12R Tn Kn dx

dx L
Thus, in this case, the mathematical solution also carries a physical meaning. Namely, the
main characteristic of the rarefied gas flow is the Knudsen number and here, in order to obtain
the solution, it is necessary to express differential equation via Kn [2]. Hence, the Kn
distribution in the channel is first determined, and then the pressure field can be find. Equation
(6) can be written in the form in which variables Kn and h are separated:
(Kn.p.h,)" (1+6A,Kn+12A,Kn* )dKn dh

= . 7
(CKn3 +(Kn.p.h,)’ (Kn +6A,KNn® +12A, Kn3)) h v

Kn dh  h

where C =12mMR,Ty7L/(wAh) is a constant for a certain flow regime. The boundary conditions
at the inlet and exit of the microchannel are:
h=h: Kn=Kn =Knph/(ph); h=h: Kn=Kn,. (8)
The mass flow contained in the constant C can now be determined by fitting:

n 2
Inhi—lnhesz (Kn.p.h,)" (1+6A,Kn +12A,Kn* )dKn

9
Kn, (CKn3 +(Kn,p,h,)’ (Kn+6A,Kn® +12A2Kn3)) ©

Now, the distribution of the Knudsen number in the entire microchannel can be determined.
Its value in the microchannel is in the range Kn, < Kn < Kn_(in the case of a divergent channel

it can also be Kn, > Kn > Kn,). The problem is solved by integrating the equation (7) from the
arbitrary to the exit crossection:

K, Kn.p.h ) (1+6A Kn+12A,Kn?)dKn
Inh_lnhc:..' ( gpc «,) ( 1 2 )

3 . . (10)
i (CKN’ +(Kn,p.h,)* (Kn+6A,Kn +124,Kn’))

It is solved indirectly from eq. (10) by setting the value of the Kn in an arbitrary cross-
section, and then determining the height h of the channel that corresponds to that value of the
Knudsen number. For that cross section dp/dx follows from equation 4. Finally, the velocity
profile could be defined (3).
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ABSTRACT

We consider a two-phase flow in a small gap between a rigid plate and a volumetrically
confined elastomer, which form an elastic Hele-Shaw cell (see Fig. 1). Such set up is common
in soft microfluidic devices which include deformable components that require no external
actuation. When a radially outwards fluid flow is generated by displacing liquid occupying the
cell with the same liquid (no interface), the elastic solid can deform in response to viscous
pressure field so that the gap expands near the inlet of the cell (where the fluid is injected) and
contracts near its rim [ 1]. If the flow rate exceeds a critical value, the cell outlet can even close
completely, interrupting or “choking” the flow. Similar phenomena are seen when a liquid
flows through a column of deformable hydrogel beads [2], and in the two-phased gas-driven
displacement of a mixture of aqueous liquid and hydrophilic solid grains in a capillary tube [3].
It was also used to propose a design of a microfluid fuse, a device that can interrupt a flow in
a microfluidic circuit if a critical flow rate is exceeded [1].

Figure 1: Schematic diagram of an elasto-rigid Hele-Shaw cell: a narrow gap between a
rigid horizontal top plate and an elastomer confined within a rigid mould (left); fluid injected
into the compliant Hele-Shaw cell at a constant flow rate spreads outwards deforming the
elastomer and displacing fluid resident in the cell (right); Adapted from [4]

However, microfluidic applications often deal with multiphase flows, so a natural extension
to this problem is that of a displacement flow in the soft Hele-Shaw cell when the flow is driven
by expanding gas [4], a displacement flow that is suspectable to viscous fingering [5-7]. This
interfacial instability develops when the fluid is injected at a sufficiently fast rate so that viscous
forces exceed surface tension forces, causing the axisymmetric interface between the two fluids
to become linearly unstable to non-axisymmetric perturbations, and grow non-linearly into
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complex disordered patterns (see Fig. 2). The choking phenomenon is still observed when the
gas-liquid interface fingers, but it is highly dependent on the interfacial morphology [8]. Hence,
we explore viscous fingering in the soft Hele-Shaw cells by focusing on its onset.

We consider a theoretical model that couples Reynolds lubrication equations and equations
of linear elasticity. The inertia and gravity, as well as compressibility of both the solid and the
fluids are neglected. To study development of the instabilities, we derive equations that allow
us to assess the linear growth or decay of small-amplitude non-axisymmetric perturbations to
the axisymmetric gas-liquid displacement studied in [4].

Figure 2: Top view of viscous fingering developing in a radial elastic Hele-Shaw cell when
air displaces glycerol (dyed blue, so that thicker liquid layers correspond to darker colours).
In the final two images cell chokes, trapping the interface: a white band around the cell rim
indicates contact between the soft slab and the glass plate near the rim located at 60 mm
from the cell centre. From [8].
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ABSTRACT

Two-phase flow of liquid and gas can occur in several different regimes. A bubbly flow
occurs at the beginning of the evaporation of water in the boiler tubes, but also in many other
cases. This flow regime has often been investigated experimentally and numerically.

One of the main challenges in mathematical modeling of two-phase bubbly flow is how to
represent the interfacial forces, i.e. the forces that describe the momentum transfer between
phases. Among the forces at the interface, the drag force is of particular importance for two-
phase bubbly flow. To calculate it, it is necessary to determine the bubble drag coefficient.
There are several expressions for calculating the drag coefficient. However, it should be noted
that they all correspond to the case when the bubble is in a uniform fluid flow. Legendre and
Magnaudet [1] proved that there is an increase in the value of the drag coefficient when the
bubble is in a fluid stream with a velocity gradient, i.e. in fluid shear flow. They made a
proposal for the introduction of a correction in the calculation of the drag coefficient, which
will take this influence into account.

Their proposal was verified during research conducted by Hosokawa and Tomiyama [2].
They performed an experimental investigation of two-phase bubbly flow inside a vertical pipe.
They then performed two sets of numerical simulations, one with and one without the
introduction of the drag coefficient correction proposed by Legendre and Magnaudet [1]. They
showed that the results of numerical simulations, which were performed taking into account
the effect of shear flow on the drag coefficient, have a better agreement with the experimental
results.

Rakovi¢ et al [3] showed that in certain cases, such as the use of low-Reynolds-number
turbulent models (LRN), the correction proposed by Legendre and Magnaudet [1] can lead to
instability and divergence of the numerical calculation. A modification of the Legendre and
Magnaudet [1] correction was then proposed to eliminate this defect. The new correction of
drag coefficient has been tested and its functionality has been proven, (Rakovi¢ et al [3] and
Rakovi¢ [4]). The new correction leads to a more accurate calculation of the drag coefficient,
which allows a better prediction of the velocity profiles.

During the testing of the new correction under different flow conditions, it was shown that
there are cases in which it is necessary to take into account the effect of shear flow on the drag
coefficient, as well as cases in which shear flow has no significant effect on the results of
numerical simulations.

The main goal of the presented paper is to find a way to quantify the impact of shear flow,
ie. to establish a criterion that indicates whether or not it is necessary to take into account the
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influence of shear flow when performing numerical simulations of two-phase bubbly flow.

Both corrections proposed by Legendre and Magnaudet [1] and Rakovi¢ et al [3] are a
function of the dimensionless quantity shear rate Sr. The distribution of the shear rate Sr on the
pipe cross section depends on several quantities and can be very different, as shown in the
figure 1 for three different cases.

Figure 5: Distribution of the shear rate on the pipe cross-section for three different cases [4].

The task is to find the critical value of the shear rate Src. In the area where Sr>Src is valid,
it is necessary to use the drag coefficient correction, so that the numerical simulations can
correctly predict the velocity profiles. In the area where Sr<Src is valid, the correction will not
be used, and thus the complexity of the calculation procedure will not be unnecessarily
increased. In this way, the correction will be used only in that part of the computation domain
where it is necessary, but not in the entire computational domain. A similar approach is used
when calculating other interfacial forces, such as the hydrodynamic lubrication force.
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ABSTRACT

Squeeze films play a critical role in lubrication and damping applications, generating
significant pressure to provide essential load support. In wet clutch systems, the unique
dynamics of squeezed and rotating films have been extensively investigated. These films
enhance torque transmission by ensuring a smooth response, mitigating overshoots, and
improving cooling efficiency while reducing wear [1].

Various studies have attempted analytical calculations of pressure and velocity distribution,
typically relying on assumptions related to the Reynolds Equation [2-5]. However, these
assumptions only hold under specific operating conditions. As parameters such as squeeze
velocity, rotating speed, or film thickness change, the validity of these analytical solutions
diminishes. For example, the linear variation of circumferential velocity versus film thickness
may transition to 2nd or even 3rd degree.

This paper extends the methodology outlined in [6] by introducing new criteria to assess the
validity of Reynolds equation derivations through nondimensional analysis. Additionally, it
presents and discusses modified analytical solutions aimed at better capturing flow
characteristics, particularly under extreme values of the dominant variables. The study focuses
on circular discs without grooves as a reference case, analyzing the problem from both quasi-
static and transient perspectives. Finally, to demonstrate the accuracy of the findings, a
comparison is made between the analytical results and Computational Fluid Dynamics (CFD)
analysis.
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ABSTRACT

The dynamics of a catamaran with a Savonius rotor and a propeller installed on it is
considered. Under the action of a stationary wind flow the rotor rotates and transmit it to the
the propeller, which creates thrust. As a control, the angle of the catamaran's course relative to
the wind flow is considered. The control task is to move the center of the masses of the hull
from the starting point to a given endpoint located strictly upstream of the wind. The possibility
of straight motion against the wind is shown. The dependence of the averege velocity in the
stationary mode of movement against the wind on the radii of the Savonius rotor and propeller
is analyzed.
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ABSTRACT

Solving the Fokker—Planck—Kolmogorov (FPK) equation and the Backward-Kolmogorov
(BK) equation is a crucial task to obtain the transient response of stochastic dynamical
systems|[1]. Fractional order PID (FOPID) is a new efficient controller to change the system
response to be the expected one. Therefore, in this paper, the Gaussian Radial Basis Functions
Neural Network (RBFNN) is proposed to solve FPK and BK equations, to obtain the transient
probability density function and the reliability function for a generalized Van der Pol system
under a FOPID controller. The values of the different fractional orders are analyzed to discuss
the performance of the FOPID controller. A data collection strategy is adopted to deal with the
associated boundary conditions by way of a one-time Monte-Carlo simulation and uniform
distribution in our Gaussian RBFNN method. The advantage of this method is that the solution
process of FPK and BK equations is converted into solving algebraic equations. Numerical
results with regard to the transient system response prove that the Gaussian RBFNN is efficient
and accurate in getting the solutions of FPK and BK equations. The order of the fractional
integration and the fractional derivative are critical parameters to control the system response.
Moreover, we conclude that the fractional order parameters in a FOPID controller can indeed
enhance the system’s response to a certain extent and lead to bifurcation.
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ABSTRACT

The inherent non-smoothness of the vibroimpact system leads to complex behaviors and
a strong sensitivity to parameter changes. Unfortunately, uncertainties and errors in system
parameters are inevitable in mechanical engineering. Therefore, the investigations of
dynamical behaviors for vibroimpact systems with stochastic parameters are highly essential.
The present study aims to analyze the dynamical characteristics of the three-degree-of-freedom
vibroimpact system with an uncertain parameter by means of the Chebyshev polynomial
approximation method. Specifically, the vibroimpact system model considered is one with
unilateral constraint. Firstly, the three-degree-of-freedom vibroimpact system with an
uncertain parameter is transformed into an equivalent deterministic form by the Chebyshev
orthogonal approximation. Then, the ensemble means responses of the stochastic vibroimpact
system are derived. Numerical simulations are performed to verify the effectiveness of the
approximation method. Furthermore, the periodic and chaos motions under different system
parameters are investigated, and the bifurcations of the vibroimpact system are analyzed by the
Poincaré map. The results demonstrate that both the restitution coefficient and the random
factor can induce the appearance of the periodic bifurcation. It is worth noting that the
bifurcations fundamentally differ between the stochastic and deter-ministic systems. The
former has a bifurcation interval, while the latter occurs at a critical point..
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ABSTRACT

With the rapid development of compact wind energy harvesting devices based on flow
induced vibrations, more and more scholars are focusing on and studying vortex-induced
vibration, galloping, flutter and wake galloping ones. The demands of applications such as
wireless sensor networks, portable electronics, and implanted systems for power sources with
high energy/power densities, low volumes, and long operating lives are promoting the rapid
development of micro/nano-scale energy devices and systems via acrodynamic phenomena
such as flutter, vortex-induced vibration, galloping. In our work, the response properties of
galloping energy harvesters under stochastic excitation are studied theoretically.

Firstly, the performance of the galloping energy harvester under Gaussian white noise
excitation is investigated. Using the equivalent linearization method and the method of
moments in stochastic process theory, the exact closed expressions for the mean square voltage
and the average output power are derived based on the distributed parameter model of the
energy harvester, and the influence of dimensionless system parameters and noise parameters
on the performance indexes are detailed. Monte Carlo numerical simulations verify the
correctness of the theoretical predictions. The influence of the parameters and the noise
intensity to the moment is studied.

Then, The complexification-averaging method is firstly used to derive the theoretical
solutions and analyze the dynamical performance of the energy harvesters under galloping and
base excitations. the critical condition for identifying the unstable region is obtained. And with
the different system parameters, the critical unstable boundary can be identified. In order to
improve the efficiency of energy harvesting, the parameters of the energy harvesters are
optimized based on the purpose of maximum voltage amplitude. The results are predicted by
means of the multilayer feedforward neural network, and the excellent prediction results can
be found.

Finally, the design of an galloping energy harvester that incorporates an elastic structure to
reconstructed the traditional GEH. The model is subsequently subjected to theoretical analysis
to determine the joint probability density function (PDF) and the stationary PDF of
displacement and
velocity. Due to the nonlinear properties of the model, the partial linearization technique and
Fokker-Planck-Kolmogorov equation are used to further explore the probability density
function of displacement and velocity. Monte Carlo simulation is used to illustrate the behavior
of the theoretical results.The simulation results show that, under different conditions, the
stationary PDF exhibits different shapes: of double-peak or single-peak, primarily caused by
the different states of spring: compression or elongation, respectively.
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ABSTRACT

Benford’s law, also known as a first digit law, gives a monotonically decreasing distribution
of the first digit in the considered data set. In a contradiction with our intuition of appearing of
first digit with uniform distribution, this is decreasingly logarithmic law, where the digit 1 is
appearing with 30% chance and the digit 9 is appearing with 4.58% chance. It is expected that
data, such as: the sizes of events, populations of cities, the flow rates of rivers, the sizes of
heavenly bodies, market values, companies’ revenues, daily trading volumes follow Benford’s
law. Also, there are some limitations of the law application, like: coded data, the numbers used
as identification numbers, psychologically rounded numbers or natural bounded data with
minimum or maximum. The law is also a test of the diversity of data and gives an answer on
the question of possible manipulation of the data.

The purpose of this paper is to consider does the Benford’s law can be applied on different
dynamical systems. These dynamical systems have been employed to describe the broad range
of applications in the natural and social sciences, like in mathematics, chemistry, physics,
engineering, economics, etc. They are fundamental part of chaos theory and the edge of chaos
concept, logistic map dynamics, bifurcation theory, the self-assembly and self-organization
processes. As a procedure, we analyze the frequency of the first digit of the coordinates of the
trajectories generated by some dynamical systems. We conclude that some trajectories follow
Benford’s law, some don’t follow the law, and some results depend of the choise of the
parameters of the model. As the main point is that natural data will follow Benford’s law, and
we have shown that for the some dynamical systems the distinction between the trajectories
that follow Benford’s law and that do not follow Benford’s law may be very small. Conclusion
is that the application of Benford’s law in order to make a difference between “natural” data
and “artificial” data may require much more careful consideration.
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ABSTRACT

The work presents the results obtained from the experimental researches carried out at an
aluminum alloys. Aluminum alloy was developed 6082 from which semi-finished products
were poured. The elaboration of the aluminum alloy is done using different types of aluminum
waste in the load. For the correction of the chemical composition, maximum 15% primary
aluminum can be used. The elaboration of the aluminum alloy takes place in two-room melting
furnaces. The addition of titanium and bor alloy performed for the finishing of grains leads to
0.002 - 0.004%B and 0.022 - 0.042%Ti. The casting is performed using a semi-continent
casting system, and the semi-finished products are subjected to thermal homogenization
treatment. On the casting flow, the addition of the alloying elements in the form of wire takes
place with the role of finishing the structure and filtering of the alloy with the help of a ceramic
filter. In order to correlate the refinement and determine the dimensions of the grains, on the
production flow, samples are taken. These are analyzed at the XJP-6A microscope and by the
optical measurement method, the limits for the size of the grains are determined.

The experimental data were collected and processed statistically. It was sought to establish
correlations between the size of the grains (considered dependent parameter) and the elements
of the chemical composition with influence on the granulation finish. The data were processed
in the Excel calculation program in order to obtain addiction correlations between the analyzed
parameters.

By processing the data in the Excel program, simple correlations were obtained, expressed
by polynomial functions of grade 1 and 2. Analyzing the correlations obtained in the Excel
program, from the point of view of the correlation coefficient and the graphic representation,
it turns out that they are technologically significant. It is found that the elements of silicon,
manganese, magnesium and titanium, used to finish the granulation, have a positive influence
on the mechanical characteristics taking into account the limits between which these elements
vary. As for titanium, its growth leads to granulation finishing, which also ensures increased
values for mechanical characteristics.
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The use of a quality load, leads to small variations for the elements in the chemical
composition and following the allying, there are small differences of chemical composition,
from one batch to another [1-3]. The limits of limited variation for the chemical elements have
led to acceptable variations of the qualitative characteristics of the alloy. The correlations
obtained in the Excel program allow the determination of optimal fields of the analyzed
parameters. It is found that the alloying elements used finish the granulation. Interest for
industrial practice presents the size of the gangs in the finished semi-finished product.
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ABSTRACT
Introduction and main goals

Plates, as main structural components, are often subjected to dynamic loading and
temperature influence. The implementation of these fundamentals elements in engineering
practice relies heavily on problems of stability and other nonlinear processes.

The nonlinear thermo-elastic vibrations of a circular plate are studied in this work. The plate
model is based on the geometrically nonlinear Reissner-Mindlin plate theory assuming that the
plate gets elevated temperature instantaneously and it is subjected to harmonic loading. The
focus of this study is to investigate the nonlinear behavior of the plate and conduct a detailed
parametric analysis of the structure’s response in time and parametric domains. The stability
analysis of the solutions is performed and its bifurcation is also investigated. Analytical and
numerical techniques are used to achieve the main goals of the study.

Methods and models

The mathematical model is founded on the geometrically nonlinear version of Mindlin
plate theory. The Galerkin technique reduces the governing partial differential equations that
describe the plate motion to ordinary differential equations. The obtained nonlinear reduced
model with cubic nonlinearity and temperature effect is studied analytically by Harmonic
Balance Method (HBM). The reduced model allows to obtain efficiently the response of
the plate in time and frequency domains. Using HBM the influence of the amplitude of the
loading and the elevated temperature on the frequency response functions is studied and
selected bifurcation diagrams are computed.

Results

The analytical solutions allow performing a parametric study of the response of the
structures in the frequency and parameters domains. The stability of the solutions is studied
and stable and unstable solutions are detected. The resonance curves around the selected
resonance zones, buckling of the structure and other bifurcation points are studied and
presented. Detailed parametric study is done.

The resonance curves at different temperatures and fixed amplitude P of the loading
obtained analytically by HBM are shown in Fig. 1. The analytical solution is computed for
three different values of the temperature: AT = 40, AT = 30 and AT = 20. The strong
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stiffening effect of the resonance curves due to the geometrical nonlinearity is clearly visible.
The temperature change causes a shifts of the curves.

An example, illustrating the analysis of the stability of the solutions is shown in Fig. 2. A
program in MATHEMATICA is created allowing to compute roots of the characteristic
equation of the system and to classify the obtained fixed points (Fig. 2).

Fig. 1 Resonance curves by HBM for AT = 40 - Fig. 2 Trajectories in the vicinity of
red colour, AT = 30 -black colour, AT = 20 -blue stable focus for w, = 4000 rad /s

colour, P = 15 000N / m?2

Conclusions

The obtained results and their verification by different methods confirm the applicability
of the suggested model and approach. It enables getting information about the plate's behavior
at different loading parameters - amplitude of the load, excitation frequency, temperature
variations without complex computations. It is possible to obtain valuable information for the
analysis of the solution stability. The study proofs that the suggested methods can be
effectively used for analyzing the nonlinear dynamic behavior of thermally loaded structures.
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ABSTRACT

Mechanical toys can be seen as STEM models. At the toy core is a mechanism whose mystic
movement arouses children's curiosity. Then there is the level of design and simulation of the
mechanism in the design software. When creating a design, it is necessary to know the
properties of the material. This project is focused on plywood and PLA plastic. Plywood can
be seen as a composite where alternately glued layers are composed of cellulose fibers in a
lignin matrix. When designing mechanism, it is necessary to analyze the kinematics and
dynamics of movement. At the end, there is the aspect of obtaining the toy parts itself using
laser cutting and 3D printing, where the necessary assembly tolerances and tolerances of the
parts manufacturing process must be taken into account.

Fig. 1. Scissor lift mechanism

The task is to create a 3D model of a scissor lift mechanism based on an existing toy, perform
a software kinematic analysis, and then compare results with analytical kinematic analysis. In
the scissor lift mechanism, the linear movement of the piston (Fig. 1.) is converted into a
floating movement of the levers, which leads to the vertical movement of the platform. The
velocity of piston movement function will be set. Based on it, the distance function s and the
height function h will be determined. Based on the obtained functions, the displacement and
velocity of the scissor lift platform can be determined.
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ABSTRACT

Hysteretic nonlinear phenomena occur in many physical processes: ferromagnetism [1],
adsorption, cyclic plasticity in mechanics, phase transformations, economics etc. It is
characterized by the fact that the same instantaneous values of input can give different outputs
depending on the history of the input applied. It means that relationship is not only nonlinear,
but also multivalued making it very difficult to model and control. In this paper account was
given to the application to mechanics i.e. to cyclic plasticity and adsorption.

Application of the Preisach model to cyclic behavior of elasto-plastic material was
introduced in 1993 by Lubarda, Sumarac and Krajcinovic [2], [3].One of the most important
properties of the Preisach operator is the so called memory map [4][5], but in addition, it is
shown in [6] that suggested Preisach model also posses congruency and wiping out property,
which makes this model [7]-[9] appropriate to describe hysteretic behavior of elastoplastic
material. It was also shown that Preisach model can be defined In purely geometric terms,
without any reference to analytic definition.

According to Mayergoyz [6], the Preisach model implies the mapping of an input u(t) on
the output f(t) in the integral form

f(t) = [IP(a,f)Gupu(t)dadp (1)

The domain of integration is right-hand triangle shown in Fig.1.

Gopu o
0y, (0, 0g)
. ; d . ( ) - 0> %o
A
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Fig.1. Elementary hysteretic operator and the Preisach triangle
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In this paper, besides application to cyclic plasticity, attention will be paid to adsorption.
According to [10] the same analogy as in mechanics can be applied for adsorption. A single
bar element of elastoplastic bar, will be replaced by a single cylinder on micro level of material
that undergoes adsorption. The Preisach function will be defined in this case.
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ABSTRACT

Following the 1979 M6.9 Montenegro Earthquake, Dubrovnik's Old City gained significant
attention due to its architectural significance and the impact of the seismic event. The
earthquake highlighted the vulnerability of its historic structures, prompting increased efforts
towards conservation and preservation. Recognizing its cultural importance and the need for
protection, Dubrovnik's Old City was inscribed as a UNESCO World Heritage Site in 1979,
shortly after the earthquake. This designation not only acknowledges its architectural and
historical significance but also underscores the imperative of safeguarding this unique heritage
against seismic risks.

The Dubrovnik region and its adjacent areas stand out as Croatia's most seismically active
zone. Although recent decades have witnessed relatively mild seismic activity, historical data
reveal occurrences of significantly potent earthquakes. The notable Dubrovnik Earthquake of
1667, with an intensity of Imcs=IX-X within the city, resulted in widespread devastation and
loss of life. Documented in the Croatian Earthquake Catalogue (CEC), there have been over
28,500 recorded earthquakes within a 100 km radius of Dubrovnik until the end of 2020.
Among these, 59 earthquakes exceeded a magnitude of 5.0, with 28 occurring after 1900.
Within a 50 km radius, 9708 earthquakes were recorded, with seven earthquakes above
magnitude 5 occurring after 1900.

The primary objective of this study was to conduct comprehensive urban-scale eq. risk
assessments for Dubrovnik's Old City. This entails evaluating eq. hazard, building
vulnerability, and exposure, recognizing the critical role of vulnerability assessments in
mitigating seismic impact [1]. Employing the EMS-98 [2] scale, assessments were conducted
for about 930 buildings using the Vicente method [3]. Various scenarios were explored to
address uncertainties, revealing the importance of precise building information obtained
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through meticulous inspections.

Challenges in this regard underscored the need for enhanced precision through detailed
surveys of the old masonry buildings. Additionally, analysis highlighted a seismic vulnerability
area in the city center, consistent with observations from the 1979 Montenegro earthquake,
prompting significant retrofitting efforts. By using GIS tools detailed maps were generated to
facilitate urban-scale analysis and presentation of results. Utilizing the comparative analysis
conducted, an analytical correlation was established between the vulnerability indexes of the
two methods as follows, and the correlation was further detailed based on EMS 98
classification. Considering rehabilitation efforts alongside Best/Worst-Case scenarios, we
delineate four distinct Cases: the Best/ Worst-Case before and after rehabilitation. The
reconstruction endeavors subsequent to the 1979 earthquake are depicted in a map presented
in the figure la,b.

(a) (b)
Figure 1. Seismic vulnerability class after rehabilitation of buildings for: (a) the best-case
and (b) the worst-case

Detailed formulations for assessing mean damage grades and subsequent mapping of
damages using the EMS-98 scale are presented, with a comparison drawn between predicted
and actual damage outcomes within the cultural heritage context.
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ABSTRACT

Most long bone fractures require some kind of fixation to heal properly. Depending on the
patient’s condition, fracture type and fracture complexity, external or internal fixation may be
used. Biological internal fixation, which requires the mutual mobility of fractured segments, is
a widely recognized method for managing long bone fractures, particularly in the proximal
femur [1]. Although this mobility is frequently advantageous for callus formation, it causes
significant loading on the fixation device, potentially leading to concerns regarding its stability,
strength, or durability. Structural analysis and optimization are commonly employed to
mitigate these issues.

This work summarizes the efforts of the research team of LIPS laboratory, Faculty of
Mechanical Engineering in Nis, in creating flexible and robust finite element (FE) models of
bones mounted with fixation devices and using these in structural analysis and optimization.
The object of the presented research is the Selfdynamisable Internal Fixator (SIF), patented by
Prof. Mitkovic [1]. Similar to other fixation devices, it is engineered to endure the required
load throughout the entire healing period of the fracture, thereby reducing the risk of
mechanical failures such as screw breakage or bar bending, and other associated complications.

During the research, the issues that typically had to be addressed were generating CAD
models of the femur using medical imaging data, developing flexible and robust parametric
CAD models of the femur-fixator assemblies, addressing material modeling concerns specific
to the femur, constructing appropriate finite element models for structural analysis, conducting
sensitivity analyses, and performing structural optimization studies.

The most reliable basis for creation of CAD models of long bones are computational
tomography (CT) images. Medical imaging software is used to separate bone tissue from
surrounding soft tissue, resulting in the creation of a polygonal model. Further operations
required to obtain a solid CAD model based on the polygonal one, include cleaning, healing,
smoothing, surface fitting and solidifying, as described in [2]. An alternative approach implies
creating a generic bone model, utilizing parametric modeling and statistics, which can be
calibrated to represent a patient specific model based on simple measurements taken from x-
ray images [4]. In this way a much less radiation dose is received by patients.

One of the most important issues related to the creation of FE models of long bones is
material modeling. Different approaches may be used for this purpose, as detailed in [3]. The
two main methods applied are the separation of bone models to internal zones followed by
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assignment of constant values of material constants and material mapping. In material
mapping, each finite element is assigned a specific material property, based on correlation with
bone density indirectly calculated from grey values acquired from medical images.

This paper focuses on the original approach to creation of a CAD model of SIF and the
associated FE model, which may be used in sensitivity studies and structural optimization.
Here, the main goal of modeling is to create a flexible and robust pair of models, which can
faultlessly represent any possible configuration of SIF and any possible placement of SIF in
relation to the femur. The two main challenges in achieving this goal are the creation of
anatomical landmarks on the bone [3] and appropriate definition of assembly mates (i.e.
conversion of fixator placement criteria descriptively defined by surgeons to mathematical
constraints [5]).

Created CAD and FE models of femur-fixator assembly were successfully used in
sensitivity studies and structural optimization studies, as shown in [2]. Based on these, a
number of trends considering the influence of fixator configuration and placement on fixator
stress were identified, and the optimal values of corresponding design variables were found.

Future studies will prioritize defining the loads and boundary conditions that impact the
femur. This remains a research area with ongoing exploration, given the complexity of
determining the forces generated by femoral muscle action, necessitating multi-body
simulations.
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ABSTRACT

To study mechanical properties of biological materials mathematical models of viscoelastic
and viscoplastic properties of polymers, suspensions and gels might be very useful [1].
Implementation of fractional order derivatives in modelling viscoelastic and plastic properties
of materials is new trend in science [2,3]. The general fractional-order Kelvin-Voigt and
Maxwell models are used to describe rheological phenomena of real materials with the memory
effect in [4]. As biological materials are very complex and include both mechanical and
electrical properties in this paper will be present a new rheological model of biomaterial with
piezoelectrical and viscoelastic properties using fractional order derivatives [5]. In the first
model Kelvin-Voight-Faraday viscoelastic element of fractional type is coupled in parallel with
Faraday’s ideally piezoelectric element; in second model Maxwells’ viscoelastic element of
fractional type is coupled in series with Faraday’s ideally piezoelectric element. Constitutive
relations between normal stress and strain/strain rates, are given for each model. Two
rheological models of biomaterial with piezoelectrical and viscoelastic properties are presented
in Figurel.

a)

K, = (H / Na) FY Faradey

FY Faradey
K,/FY=(H/N,)/ FY

M, -FY =(H-N,)-FY

Figure 1. Two complex rheological models of a fractional type with piezoelectric properties. a) The
Kelvin-Voight-Faraday’s viscoelastic element of fractional type for solids is coupled in parallel
Kelvin-Voight with Faraday’s ideally piezoelectric element; b) second model The Maxwell-Faraday’s
viscoelastic fluid element of fractional type is coupled in series modified Maxwell‘s fractional type
element with Faraday’s ideally piezoelectric element
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To find the relation between strain and time in case presented in a Figure 1 when biomaterial
is under sudden constant stress, we apply Laplace transformation and inverse Laplace
transformation on equation of constitutive relations between normal stress and strains.
Approximatively analytical solutions for strain of material as a time function for both models

are given. Dielectrically displacement D, D, (t): bo, (t) and D, (t)z es, (t) for a case in Figure
la) (The Kelvin-Voight-Faraday’s viscoelastic element of fractional type for solids) is:

C,0 . « E, e
D, (t)= egz(t):e(E+Ee)~<1+kZ(—l) ((EJFEe)) (2K +2_ak)> )

and for a case Figure 1b, (The Maxwell-Faraday’s viscoelastic fluid element of fractional type):

D, (t)=bo,(t)~ bEa{Df[gz]Z"O}.{14_2(_1){%+Ea pjk F(t(“’)k“} N

E 2k +2—ak)

The material modeled in a Figure 1a) exhibits the property of subsequent elasticity, where
dilation lags behind stress.

The models presented serve as the foundation for the construction of more complex
structures of ideal materials, with programmed stress relaxation properties and subsequent
elasticity. Complex models also possess properties related to the occurrence of internal degrees
of freedom that must be taken into account when studying rheological dynamical systems like
oscillators or crawlers or forced pulsator of fractional type with piezoelectric properties.
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ABSTRACT

Fracture mechanics analysis of pressurized pipelines is crucial to ensure the safety and
durability of infrastructure, especially in industrial facilities where pipelines are exposed to
high pressures and extreme conditions. Traditional methods and standards such as ASTM
E1820 and ISO 12135 for fracture mechanics testing may not always be applicable or effective
for thin-walled pipelines, necessitating the development of new approaches. Their
disadvantages are reflected in the fact that the specimens must satisfy precisely defined
dimensions in order for the test results to be relevant. In this context, experimental and
numerical analysis of non-standard ring-shaped specimens with a sharp stress concentrator -
PRNB (Pipe Ring Notched Bending) or PRNT (Pipe Ring Notched Tension) offers an insight
into the behavior of pipeline materials. The pipe structure is not significantly changed during
the preparation of specimens for measurement and enables the determination of pipeline
material fracture resistance.

Fig. 1 contains the geometry of both considered specimens; they are both shaped as rings,
and are obtained by cutting from the pipe. Also, the finite element models of these specimens
are shown on the right-hand side of the figure. The loading is introduced through the contact
with additional tools, which are designed to emulate the three-point bending in the case of
PRNB specimen, or internal pressure in the case of PRNT specimen.

In this work, different aspects of failure assessment of these geometries which include the
application of the finite element method will be considered, such as micromechanical analysis
of crack growth and determination of the parameters necessary for calculation of the J integral.
Application of numerical analysis in this context provides a detailed view of the material failure
behaviour and enables calculation of quantities which are otherwise difficult or impossible to
determine. Such combination of experimental and numerical examination enables a proper
integrity assessment of pressure pipelines. This approach not only overcomes the limitations
of existing standards, but also enables further innovations in the field of materials testing, thus
contributing to greater safety and efficiency.
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Fig. 1. Geometry and finite element models for PRNB and PRNT specimens
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ABSTRACT

The service life of various engineering components and structures can be substantially
reduced if subjected to fatigue loading. This paper presents a study that proposes models for
both uniaxial and multiaxial stress states in fatigue damage modeling. Since analyzed data for
uniaxial fatigue considers mainly phenomena of low-cycle fatigue loading, the energy-based
approach is defined using plastic energy as the governing parameter. Moreover, the material
model is constructed as an assembly of N cells that can provide computationally efficient
outputs of stress and hysteretic energy loss [1], for a strain as input. These cells [2] are
distributed according to their different fracture energy values. As a result, a cumulative damage
model is formed [3] since cells are eliminated from the global model gradually. The measure
of damage D actually represents a point on the cumulative distribution function defined
according to the probability density function (Fig.1(a))

c=N-6(1-D), E=N-E(1-D) (1)

o and E are variables of the global model, while parameter D quantifies ruptured elements.
Parameter D can be regarded as a scalar damage variable [4] that has a range from 0
(undamaged state) to 1 (total failure). For each cell, stress & and modulus of elasticity £ can
also represent degraded values of the initial undamaged state, since these elements can depict
elastoplastic damage behavior in function of strain input, which is quantified with another
damage variable. Additionally, the model is expanded to consider the mean strain effect,
enabling a numerically efficient model for arbitrary loading. As can be seen from Fig.1(a), the
group n, of different unit elements have varying fracture limits according to which
corresponding distribution can usually be defined with several parameters. They are grouped
according to equal fracture energy Qf; which probability density function is defined from
minimum to maximum fracture energy Qf mqx- Active cells have higher fracture energy than
current achieved total energy loss Q;(t), while this value exceeds the limit for other cells that
fail and consequently change material properties (Eq.1). Further, this distribution fluctuates
depending on the strain level (Fig.1(b)), while the damage equivalence principle ensures the
transition. Parameters for constructional steel S355 are determined based on experimental
results, and used in the numerical example of random variable amplitude loading with different
mean strain values (Fig 1(b)).
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Fig 1(a) Cells’ fracture energy distribution; (b) Damage evolution for random loading

Further, the complex problem of multiaxial fatigue is tackled by similar tools. For a more
realistic and complex multiaxial analysis, fatigue damage is usually defined up to crack
initiation as an ultimate limit for failure (D « 1), in contrast to the theoretical limit of total
degradation. One of the most efficient methods in multiaxial fatigue analysis is the critical
plane approach [5], although often equivalent strain [6] and equivalent stress methods also
consider the critical plane. Since multiaxial fatigue damage evaluation is a demanding task,
especially under variable and nonproportional loading, the ultimate goal is to reduce the
multiaxial strain or stress state to an equivalent damage condition. Similarly, most models
transform irregular loading history into multiaxial regular fatigue by various counting
algorithms. In the critical plane method, material volume analysis is remodeled by analyzing
the expected location of the fatigue fracture plane based on the criteria of maximum shear
stress, normal stress, principal stress, etc. In this case, the calculation of accumulated damage
could be performed by the uniaxial cycle counting method. Therefore, this paper shows how
particular features of the presented approach for uniaxial cumulative damage can be extended
to a multiaxial stress state.
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ABSTRACT

In recent years much attention has been paid to investigate replacement of cement with some
industrial waste materials in order to reduce the cement production [1], considering that it
provides about 7-8% of total world CO2 emission [2]. Industrial waste materials that are in
focus have promising chemical composition and favorable particle size distribution [3].
Besides several most researched materials for this purpose, marble powder has drawn attention,
due to accessibility and potentially compatible chemical composition. World production of
marble in 2019 was about 319 million of metric tons, while about 53% was considered as waste
[4]. However, marble waste as cement replacement in mortar is not sufficiently researched.

In this paper, experimental tests of compressive and flexural tensile strength of cement
mortar incorporating marble powder as partial replacement for cement are presented. The
numerical finite element analysis model for determination of flexural tensile strength is
proposed as well.

The cement mortar 1:3 is prepared with cement CEM II/A-M (S-V) 42,5N and crush-
separated limestone. In total 5 mixtures (marked as CM1 to CM5) are prepared, where marble
powder replaces the cement at ratios 0%, 5%, 10%, 15% and 20% by weight of cement. Marble
powder and cement are considered as binders and water/binder ratio of 0,52 is constant in all
mixtures. Compressive strength and flexural tensile strength tests are performed on prismatic
40x40x40 mm and 40x40x160 mm samples, respectively. All tests are conducted after 28 days.
Average experimental results of three samples for each mixture are presented in Table 1.

Finite element analysis models for flexural tensile strength determination of CM1 and CM5
have been created according to the experimental setup. The concrete damage plasticity model
has been used in order to indirectly track crack propagation. Modulus of elasticities have been
defined based on the experimental compressive strength [5], while characteristic axial tensile
strengths have been calculated according to concrete standard [6]. Stress-strain relationship in
compression and tension has been idealized as bilinear diagram due to the lack of exact data,
and based on available test results [5, 7], while damage parameters have been determined
accordingly to the adopted stress-strain diagrams [8]. Considering damage parameter in tension
as crack propagation, it can be concluded that specimen failure occurs due to one dominant
crack in midspan, which is fully in concordance with the experimental results (Figure 1).
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Numerically obtained ultimate forces for models CM1 and CM5 are approximately 5-6% lower
than experimentally obtained values.

Table 1. Experimental test results a) b)
Mixture Strength [MPa]
Compressive | Flexural

CM1 49,21 9,03

CcMm2 47,72 8,91

CM3 51,41 8,67

CM4 48,09 7,97

CM5 36,32 8,83

Figure 1. Flexural tensile strength sample CM5:
a) Experiment test, b) Numerical simulation

Based on the experimental results it can be concluded that satisfactory compressive and
flexural tensile strength are obtained by replacing cement with marble powder up to 15%. The
proposed finite element analysis model and material model can be considered as validated and
reliable, considering good agreement of numerical and experimental results.

REFERENCES

[1] Serdar, M., Biljecki, 1., Bjegovié¢, D. (2017), “High performance concrete incorporating
locally available industrial by-products”, Journal of Materials in Civil Engineering, 29(3),
04016239, https://doi.org/10.1061/(ASCE)MT.1943-5533.0001773

[2] Winnefeld, F., Leemann, A., German, A., Lothenbach, B. (2022), “COx2 storage in cement
and concrete by mineral carbonation”, Current Opinion in Green and Sustainable
Chemistry, 38, 100672, https://doi.org/10.1016/j.cogsc.2022.100672.

[3] Vladi¢ Kancir, 1., Serdar, M. (2022), “Contribution to Understanding of Synergy between
Red Mud and Common Supplementary Cementitious Materials”, Materials, 15(5), 1968,
https://doi.org/10.3390/mal5051968

[4] Khorshed, E. A. E., El-Naggar, S. A., El-Gohary, S. S., Awad, A. M. B., Ahmed, A. S.
(2022). “Occupational ocular health problems among marble workers at Shaq El Tho'ban
industrial area in Egypt”. Environmental Science and Pollution Research, 29(25), pp.
37445-37457. https://doi.org/10.1007/s11356-021-18410-5.

[5] Aocharoen, Y., Chotickai, P. (2021), “Compressive mechanical properties of cement mortar
containing recycled high-density polyethylene aggregates: Stress-strain relationship”, Case
Studies in Construction Materials, 15, €00752, https://doi.org/10.1016/j.cscm.2021.e00752.

[6] European Committee for Standardization CEN (2004), “EN 1992-1-1:2004, Eurocode 2:
Design of concrete structures - Part 1-1: General rules and rules for buildings”.

[7] Zhou, J., Qian, P., Chen, X. (2014), “Stress-Strain Behavior of Cementitious Materials with
Different Sizes”, The Scientific World Journal, Hindawi Publishing Corporation, 2014,
919154, https://doi.org/10.1155/2014/919154.

[8] Rankovi¢, S., Zorié, A., Vacev, T., Petrovi¢, Z. (2023), “Numerical Analysis of an
Innovative Double-Strap Joint for the Splicing of Near-Surface Mounted Fiber-Reinforced
Polymer Bars for Reinforced Concrete Beam Strengthening”, Applied Sciences, 13(22),
12387, https://doi.org/10.3390/app132212387.

254



2nd International Conference on Mathematical
Modelling in Mechanics and Engineering
Mathematical Institute SANU, 12-14. September, 2024.

NUMERICAL ESTIMATION OF SPRING-BACK EFFECT IN
BENDING PROCESSES

Marina Trajkovié-Milenkovi¢!, Sasa Randelovi¢?, Andrija Zoric®, Katarina Slavkovié?

L34Faculty of Civil Engineering and Architecture, University of Ni§, 18000 Ni, Serbia
2Faculty of Mechanical Engineering, University of Ni, 18000 Nig, Serbia

'marina.trajkovic@gaf.ni.ac.rs; *sasa.randjelovic@masfak.ni.ac.rs; *andrija.zoric@gaf.ni.ac.rs;
4slavkovic.katarina3@gmail.com
ORCID iD: '0000-0001-6874-758X; 20000-0002-2334-8929; 30000-0002-3107-9204;
40009-0009-9231-2856

Keywords: Bending, Spring-back, Objective Jaumann rate, Numerical elastoplastic analysis.
ABSTRACT

Until recently, the design of metal forming has been based on the knowledge gained through
a long practical experience or expensive experimental try-outs. Nowadays, using a finite
element analysis from an early stage of a production process, the errors can be corrected and
avoided before the actual manufacturing, making the production process less expensive.

In this paper, the authors perform a numerical analysis of the V shape bending of a thin plate
in order to properly predict the elastic deformations during unloading in bending processes,
known as a spring-back effect. The aim of this work is to define the amount of an elastic spring-
back of the thin plate during its metal forming process by plastic deformation only. Also, the
possible corrections of this effect are proposed. Different parameters can influence the amount
of spring-back effect such as a change in the thickness of the metal sheet, eventual heat
treatment and change of material strength during the production process, the chemical
composition of the material, and the direction of rolling of the sheet in comparison with the
direction of'its bending. In this work, only the influence and possible correction of the geometry
of the die and punch are considered. The obtained results for the same material are compared
mutually and with the relevant literature. The influence of the sheet thickness and other
parameters on the spring-back problem remains for further analysis. The Abaqus/Standard
software procedure completes a nonlinear finite element analysis. The numerical models are
tested using a built-in elastoplasticity material model which is based on the objective Jaumann
stress rate.

In Figure 1 the initial bending shape of the steel sheet (black solid line) and the shape of the
tested material after elastic recovery (gray solid line) are presented. The final shape of the thin
plate is not obtained in the initial trial, due to the elastic unloading. Therefore, several numerical
iterations are performed to tune up the geometry of the tool in order to achieve the desired
shape of the thin plate. The final iteration gave satisfactory geometry of the metal sheet and
consequently, the die and punch geometry in that iteration are assumed to be final.

The special attention in this work is paid to the stress and strain state analysis of the chosen
material during the shaping processes (Figure 2), especially the development of the zone of
plastic deformation through the cross-section of the sheet.
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Figure 2. The normal stress distribution
at the bottom of V shape in the steel
sheet at the bending stage and after the
spring-back
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Figure 1. Shape of the steel metal sheets before
(b) and after the spring-back (s) in several
numerical iterations

Based on the obtained and presented numerical results, the significant difference between
the desired shape of the metal sheet obtained by the pure bending process and the one obtained
due to the recovered elastic deformation, i.e. the spring-back, of the tested material can be
observed. This work confirms that the extensive numerical analysis can be useful for properly
identifying the spring-back effect in the metal forming process by plastic deformation prior to
the actual manufacturing processes. In order to obtain the desired shape of the profiles, the
proposed approach can make the production process significantly less costly. The additional
parameters stated above, which also influence the spring-back effect, have to be considered as
well.
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Projektinzenjering Tim is a design, engineering, consulting and real estate company,
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As atrusted partner, we offer our clients diverse services in all phases of their investments
— from concept design to building acceptance, as well as in adaptation of existing buildings and
the improvement of their energy efficiency.

Based in Ni§, Serbia, Projektinzenjering Tim was founded in 2013 to channel the
decades-long experience of our engineers, architects and other associates, and offer it to our
clients, according to the needs of each individual project.

With strong ties to the academic community, we also innovate in the field of structural
design. We are especially proud of our patent "Adaptive system for seismic protection of
buildings against the effects of strong earthquakes through structurally ensured global
optimization of the seismic-energy balance", realized with assistance from the Republic of
Serbia Innovation Fund.

For more details about our activities and for potential cooperation in any form, it would
be our pleasure if you would get in touch.
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Agencija za projektovanje AMING PROJEKT iz Knjazevca je osnovana\ 2017. godine.

Strucan kadar sa znacajnim iskustvom u oblasti projektovanja gradevinskih konstrukcija
zaduzen je za realizaciju razliitih projekata, a sve na zadovoljstvo klijenata. Iako mlada,
agencija poseduje impozantne reference, koje se ogledaju u projektovanju gradevinskih
konstrukcija objekata bruto povrsine oko 200.000,00 m?.

The agency AMING PROJEKT from Knjazevac was founded in 2017.

Personal staff with considerable experience in the field of structural design is responsible
for the implementation of various projects, all to the satisfaction of the clients. Although young,
the agency has impressive references, which are reflected in the design of building structures
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Ukupan broj zaposlenih je oko 30 od ¢ega je 25 u stalnom odnosu, dok je 5-6 eksperata
angazovano na raznim projektima. Najveci broj zaposlenih su inzenjeri razli¢itih profila ,zatim
ekonomisti i menadzeri.

U oblasti energetike sa ¢eskim partnerima ZVVZ kao i PSP realizovali smo isporuku i
ugradnju elektrofiltera na TE Kostolac,TE Ugljevik, kao 1 isporuku I ugradnju drobili¢nih
postrojenja u REIK Kolubara i Kostolac.

U oblasti rudarstva u saradnji sa jednim od najvecih svestskih proizvodaca specijalnih celi¢nih
konstrukcija ArcelorMittal i Liberty Ostrava (Ceska) opremamo rudnike sa podzemnom
eksploatacijom ¢eli¢nim lu¢nim profilima (rudarska podgrada).

U oblasti gasne detekcije saradjujemo sa kompanijama Teledyne-Oldham Simtronics
Francuska vodeéim svetskim proizvodacem stabilnih sistema gasne detekcije za industriju ,
Trolex Engleska-vode¢im svetskim proizvodacem stabilnih sistema za detekciju gasova u
rudnicima sa podzemnom eksploatacijom kao i sa Industrial Scientific USA. Vode¢im
svestskim proizvodac¢em u oblasti mobilnih gasnih detektora.

Oblast delovanja je detekcija eksplozivnih i toksicnih gasova u rudnicima sa podzemnom
eksploatacijom, industrijskim postrojenjima , celiS¢anama, pogonima za proizvodnju
vestackog dubriva kao i skladistima te¢nog naftnog gasa.

Iz oblasti gasne detekcije posedujemo sertifikat o akreditaciji izdat od ATS a kao i reSenje
MUP a koji nam omogucava kontrolisanje instalacija posebnih sistema za detekciju
eksplozivnih i zapaljivih gasova.

Bregava d.o.o.

Dunavska BB, 11158 Palilula, Beograd
Kontakt telefon: +38163445253
E-mail: bregavabg@sezampro.rs

Firma je osnovana 1995. godine i na pocetku svog poslovanja preduzece se bavilo prodajom
gradevinskog materijala. U kasnijoj fazi poslovanja, preduzece je pocelo da se bavi obradom
gvozda i proizvodnjom armaturnih mreza u skladu sa zahtevima trzista. Osnivac i vlasnik firme
je Sasa Kresovi¢ Cije dugogodiSnje iskustvo i znanje predstavlja siguran oslonac za bududi
razvoj. Preduzece Bregava doo posveéeno je ocuvanju konstantnog kvaliteta svojih proizvoda,
tehnoloskom unapredenju proizvodnog procesa, kao i odrzavanju dobrih poslovnih odnosa sa
kupcima i dobavljac¢ima. Svoju reputaciju gradili smo na kvalitetu svojih proizvoda i na
pouzdanim i dugoro¢nim poslovnim odnosima. Nakon vise od 25 godina uspesnog poslovanja
na trzi$tu, mozemo se pohvaliti u¢es¢em u velikom broju projekata kao sto su Delta City, Ada
Mall, TC Galerija, Skyline, Termoelektrana Nikola Tesla, vise objekata u sklopu naselja
Belgrade Waterfront i Airport city kao i u velikom broju stambenih objekata.

Ponosimo se u¢es¢em na svim dosadasnjim projektima, ali pre svega poslovnim odnosima koje
smo gradili dugi niz godina jer su oni odlika nase pouzdanosti, profesionalizma i kvaliteta.
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