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Analysis of the technological state of single-bucket cyclical excavators’ identification system
testing results
Evgeniya Volkova1, Evgeniy Nagatkin2, Aleksey Druzhinin3, Vladimir Poluzadov4,
Faculty of Economics and Engineering 1,2,3, Faculty of Mining Mechanics 4 – Ural State Mining University, Russian Federation
Abstract: Existing approaches to the electric cyclic action bucket excavators’ technological operations identification are considered. The
authors proposed the term “technological condition” of a single-bucket excavator as a combination of the current technological operation
and data on the technical condition of the main components of the excavator. Based on the data analysed, a new method has been developed
and proposed for identifying the technological state of excavators based on the mathematical apparatus and tools of neural networks and
pattern recognition, which can be used in further studies. According to the methodology proposed by the authors using pattern recognition
technologies based on the OpenCV library and a stereo pair formed from two Xiaomi cameras, experimental tests were carried out on a real
object - an electric single-bucket excavator type "direct shovel" ECG-8I under various environmental conditions, including poor visibility.
According to the test results, the proposed method showed high accuracy in technological operations identification - the identification error
in the test sample did not exceed 5%, which indicates the adequacy of the constructed model. The scientific novelty of the work lies in the
application of a method not previously applied in this field of technology, as well as in the proposed mathematical and simulation models.
The practical novelty lies in the possibility of introducing this approach for the construction of automated management, moni toring and
control systems, for solving the problems of weighing rock in an excavator bucket, determining the granulometric composition of rock in a
bucket, as well as other identification problems.
KEYWORDS: PATTERN RECOGNITION, IDENTIFICATION OF TECHNOLOGICAL STATE, EXCAVATOR, DIRECT DETERMINATION
OF COORDINATES, NEURAL NETWORK

1.

function of external disturbances (which are determined by the mass
of the soil in the bucket), S_0 is the initial state.
The vector of technological states of the excavator in the general
case is as follows (2):
𝑆 = {𝑆1 , 𝑆2 , 𝑆3 , 𝑆4 },
(2)
where S1 is for digging operation, S 2 is for loaded bucket transfer,
S3 is for empty bucket transfer, S4 is for unloading operation. In the
classical approach to defining work cycles, the sequence 𝑆1 → 𝑆2 →
𝑆4 → 𝑆3 is the main (duty) cycle, and any deviation from this
sequence is auxiliary work.
However, based on the study of the excavation process, calculating
the cycle according to the sequence 𝑆1 → 𝑆2 → 𝑆4 is also
appropriate. since, despite the fact that after unloading auxiliary
operation may follow, the cycle in fact at this stage is already
completed.
In addition, sometimes in case of insufficient filling of the bucket,
an additional digging operation (additional loading of the bucket) is
used, which can lead to a change in the sequence to 𝑆1 → 𝑆1 →
𝑆2 → 𝑆4 or 𝑆1 → 𝑆2 → 𝑆1 → 𝑆2 → 𝑆4 , and should still be defined as
main (duty) cycle. In general, the digging operation (S_1) is
determined by the following characteristics: the angles of the swing
drive are minimal and lie within ± 5 ° -10 °, the traction drive
current varies in the range from the nominal to the stopping one,
which is characterized by significant fluctuations, the hoist drive
current is within the range ± 0.1-0.2 nominal. Electrical coordinates
directly affect mechanical coordinates: the drive current determines
the force, and the voltage determines the speed. Displacement is
defined as an integral indicator of speed. The transfer operations
(S2,S3) are primarily determined based on geometric coordinates
which are the angle and height of the bucket position. Unload ing
(S4) is characterized by jumps in the current coordinates, as well as
by the geometric coordinates of the bucket (in this case, it is
necessary to determine the coefficients a priori individually for each
excavator). With the high complexity of determining the unloading
state by analyzing the coordinates of the drives, this state is
extremely easy to identify visually.
The proposed approach to the direct determination of the bucket
coordinates and geometry, based on the pattern recognition method,
allows to significantly simplify the model. This method involves the
use of a neural network trained to recognize the excavator bucket in
real time in the video stream, as well as the distance to the bucket
and its position in space.
Obtaining accurate and consistent information about the current
coordinates of the bucket, in fact, allows you to determine the main
characteristics of the mechanical system of the excavator. If x is the
current coordinate of the bucket center of forces, then (3):
𝑑𝑥
𝑉= ;

Introduction

One of the excavator information-measuring and control systems
important issues is the identification of technological cycle
operations. Identification of the excavator technological state is an
integral part of solving the bucket weighing problems, optimal drive
control, automation or robotization of technological operations.
Also, the technological cycle operations identification of individual
mining machines makes it possible to determine the technological
state of the mining enterprise as a whole, as well as to carry out
operational monitoring and management of the enterprise.

2.
Prerequisites and means for solving the
problem
Traditionally, the modules responsible for the excavators
technological state identifying are built on the theoretical basis of
algebra of logic elementary functions (for example, in [1], [2]),
which does not allow qualitatively identifying all the variety of
operations encountered when operating excavators in various
mining and technological conditions. Attempts to make the
identification process more universal immediately lead to a sharp
complication of the schemes of such modules (as an example, we
can consider the approach described in [3]). Therefore, at present, to
solve this problem, the theory of constructing expert systems and
control using fuzzy logic (for example, [4-7]) are most often used.
A distinctive feature of interpreting and predictive expert systems
for industrial facilities is that they use not symbolic representations
of the interpreted object, but data directly obtained from sensors of
physical quantities, which can be noisy, erroneous, or insufficient
for classical methods of identification and forecasting.
The identifiable technological states of different levels are: the
scheme of mineral resource extraction, the mode of excavator
operation (duty cycle, auxiliary work, and others), the basic
operations performed in the current excavation cycle (digging,
transporting a loaded and empty bucket, unloading, moving the
excavator, etc.). At the stage of operation identifying modes, the
behaviour of the object is interpreted depending on time and on the
context, i.e. from a previously identified technological state of a
higher level.

3.

Solution of the examined problem

Taking into account modern approaches to solving identification
problems, it is advisable to use the apparatus of neural networks for
this task.
The dynamics of the system can be described by the equation (1):
𝑆 = 𝐹 𝑆, 𝑢, 𝜀, 𝑓, 𝑡 , 𝑆 𝑡0 = 𝑆0,
(1)
where S is the vector of states, u is the vector of control actions, ε is
the vector of electromechanical system changing parameters, f is the

𝑑𝑡
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𝑎=

𝑑𝑥
𝑑𝑡 2

;

𝑟 = 𝑑𝑥 ∙ 𝑑𝑡,

(3)

where V is speed, a is acceleration, r is distance.
Also, this neural network can be trained to identify the external
environment - the face and the unloading zone (dump or dump truck
into which unloading is carried out).
In accordance with (1), to determine the technological state of the
excavator with this approach, it is planned to use the vector ε of the
parameters of the electromechanical system as the input parameters
of the neural network, the vector f of external influences and the
vector x of the geometrical coordinates of the bucket, on the hidden
layer - a number of sigmoid functions , according to the set of
parameters that determine a particular technological state, and it is
also necessary to add a loop between the states to the network, since
the previous state is also an input parameter for the system. Next, it
is necessary to place the weights for the parameters in a random
way, and by means of back propagation of the error, train the
network on a sufficient sample. In this case, the network will
determine the state the more accurately the longer it functions. A
schematic diagram of a neural network is shown in Figure 1.

Fig. 2. Result of excavator bucket (bucket) and dump truck (truck)
recognition under conditions of normal visibility

Fig. 3. Result of excavator bucket (bucket) and dump truck (truck)
recognition in poor visibility conditions of normal visibility
To determine the current coordinates and geometry of the bucket,
processing separate streams from two video cameras is not enough:
it is necessary to use stereo vision algorithms. To do this, having a
couple of calibrated cameras, we can build a depth map based on
the images obtained from them. Depth cameras (such as Intel
RealSense or Microsoft Kinect) are often used to build depth maps,
however, existing devices have a significant drawback that makes
them inapplicable for the task at hand - these are depth ranges and
maximum effective distance, which, as a rule, are not exceeds 10 m,
while the EKG-8I bucket in the extreme position of the boom
extension relative to the camera installed in the cab is located at a
distance of more than 30 m. The solution in this case can be the use
of laser rangefinders or the construction of a depth map based on
two calibrated cameras, images from which are stereo pairs.
The principle of constructing a depth map using a stereopair is as
follows (see Figure 4): video streams are cropped, and two images
are rectified relative to each other at one point in time, after which
for each point (x0, y0) of an image from one camera on the epipolar
line paired point (x0-d, y0) on the image from the other (where d is
the offset), after which the depth value is calculated, which is
inversely proportional to the offset, that is (4):
𝑇−𝑑
𝑇
𝑓𝑇
= →𝑍= ,
(4)

Fig. 1. Principal schematic diagram of the proposed neural
network
In Figure 2, the sigmoids 𝑆1 , 𝑆2 , 𝑆3 , 𝑆4 located on the hidden layer of
the network return the probability of the corresponding state in the
range from 0 to 1, and the sigmoid C - a useful cycle or an auxiliary
one ({1; 0}).

4.

Results and discussion

The first tests of the developed neural network at the UralAsbest
enterprise on the EKG-8I excavator showed high accuracy of object
recognition, including poor visibility conditions tests (which is
clearly seen in Figures 2 and 3). In this implementation, we used the
OpenCV library for pattern recognition, TensorFlow for training the
network, and labelImg for marking frames, and the software
implementation of the algorithms was made in Python version 3.6.
The video stream came from two Xiaomi YI Car Cam DVRs
installed on the sides of the excavator driver's cab from the inside.
The frames shown in Figures 2 and 3 are data processing from the
first camera.
According to the test results, it was determined that the installation
of cameras inside the cab is not an optimal solution for the EKG-8I
excavator, since, firstly, in low temperatures outside the excavator,
the glass in the cab constantly fogs up, which reduces visibility, and
secondly, there is not a single position in which the cameras could
be placed in such a way that the entire bucket, and in particular its
teeth, could be observed. The need to see the bucket teeth is
associated with the task of monitoring their integrity, which falls on
the excavator operator. For example, a bucket tooth caught in a
cone crusher is a common cause of failure. For the subsequent
contouring of the bucket and determining the integrity of its teeth,
for the EKG-8I excavator, due to its design features, it will be
advisable to use outboard rods for attaching cameras to the outer
part of the driver's cab.

𝑍−𝑓

𝑍

𝑑

where T is the distance between the cameras, Z is the depth, f is the
distance from the camera to the epipolar line. As can be seen from
the formula, the usage of this method for constructing a depth map
gives more accurate values at small distances and loses accuracy
with increasing image depth, which is associated with the inverse
relationship of depth and displacement (examples of building depth
maps and indicators of their accuracy can be considered based on
research [9 -12]).

Fig. 4. To depth map calculation
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The depth map obtained based on the algorithm described above
using the Stereo SGBM function of the OpenCV library is shown in
Figure 5.

5.

Conclusion

Initial tests of the system for identifying the single-bucket excavators
technological state on the EKG-8I excavator showed the applicability of
the proposed method, as well as the possibility of its refinement to
improve the accuracy of identification through training on depth maps
built using a laser tacheometer station. Also, increasing the accuracy of
calculations is possible through further training of the neural network.
Neural network training is also possible on other samples, for example,
on video streams from other excavators. It also requires experiments to
install cameras on outrigger rods on the excavator driver's cab.
In general, the proposed technique opens up new perspectives for
building control systems and optimization of excavator drives, as well
as control systems, monitoring and control of mining enterprises in
general.
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Fig. 5. Stereo-based depth map
Since the distances from the driver's cab (and cameras installed on
its frames) to the extreme point of the EKG-8I excavator bucket
seem to be significant - from about 5 to 35 meters, the bucket
coordinates and geometry calculated on the basis of this depth map
will have an error of about 5-10%, which does not allow effective
use of this technique for accurate calculations. However, it is
possible to increase the accuracy of calculations by calibrating
using a depth map built by a laser tacheometer, as well as using
geometric calculations, since we know the real physical dimensions,
for example, of an excavator bucket.
The bucket coordinates, which are processed by the neural network
to determine the technological state, must correspond to the center
of the bucket forces, while the coordinates obtained using the depth
map are the coordinates of the point closest to the cameras on the
bucket surface, therefore geometric calculations must be used to
determine the point C(x1, y1). The principle of calculating the
coordinates is shown in Figure 6 and is based on the technique
proposed in [8], with the difference that the system also has a Z
value - the distance from the cab to the bucket (image depth).
In Figure 6, C(x1, y1) is the center of bucket forces in the coordinate
system, the origin of which is the intersection of the handle and
boom (used in the neural network for identifying technological
operations), L is the handle reach, B is the angle between the handle
and the boom, (x2, y2) is coordinate system with the origin at the
base of the boom (this coordinate system is used for automated
control and optimization tasks). Point C coordinates are calculated
in different coordinate systems based on offsets.

Fig. 6. To calculation of bucket mass center coordinates

The bucket coordinates calculated on the basis of this technique
determined the vector x for the neural network (1). According to the
test results, the neural network showed an accuracy of 95% in
determining the technological state and an accuracy of 100% in
determining main and auxiliary work cycles.
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Study of stress distribution of mechanical stresses in the frame of roller skates under
dynamic load
Krasimir Assenov, Stoil Todorov,
Institute of Metal Science, Equipment and Technologies with Center for Hydro- and Aerodynamics "Acad. A. Balevski”,
Bulgarian Academy of Sciences, Sofia, Bulgaria
krasimirasenow@gmail.com, smt@ims.bas.bg
Abstract: As a result of the use of roller skates for recreation or sports on uneven surfaces other than a special one, there is a significant
amount of mechanical energy absorbed by the frame of the skates as a result of unevenness, as well as combinations of jumps and landings
from different heights. Scientific study on this issue will provide an opportunity to gain an insight into how much mechanical stress is
distributed to а skate frame and to determine under what conditions the frame will be destroyed.
Keywords: ROLLER SKATES, STRESS ABSORBTION, DYNAMIC LOAD
The research takes place in the following steps:
3.1. Determination of the numerical value of the kinetic energy
released during a free landing (fall) of a body with a mass of 100 kg
(equal to approximately the 95th percentile male). [6.1.]
3.2. Determination of the mechanical force formed in the
innovative frame of roller skates as a result of the initial results
from point 3.1 by structural simulations with a computer calculation
module “NX NASTRAN”.
Free fall is a uniformly accelerating motion without initial
velocity, the acceleration of which is g, and its trajectory is a
vertical straight line. [6.2.]
Therefore, the formulas for velocity and path in the case of
uniformly accelerating motion are also valid in the case of free fall
of bodies, as the acceleration a is replaced by g, and the distance
traveled can be denoted by h instead of s.
Law of free fall velocity: v =gt
(1) [6.2.]
Law of free fall road: h = gt2/2
(2) [6.2.]
From (1) and (2), excluding the time t, we obtain the
dependences h = v2/2g (3) и v2 = 2gh (4). [6.2.]
Therefore, for a body with mass of 100 kg and a fall height of
0.8 m, the speed at the moment of impact is 3.96 m/s (14.26 km/h)
and the free fall time is 0.4 s.
The energy at the moment of impact is calculated by the
formula 1/2mv2 = mgh, where m is the mass of the object, v is the
velocity of fall, h is the height, and g is the earth’s acceleration.
[6.3.]
In this case, the energy released in a free fall of a body with a
mass of 100 kg and a fall height of 0.8 mis 784 J.
The calculation of the impact force is done according to the
formula 2mv/t, where m is the mass, v is the velocity, and t is the
contact time during the impact. We assume that the contact time
during the impact is 0.3 s. [6.4.]
Hence the impact force is equal to 1584 N. Since in a skate the
frame is divided into two symmetrical parts, there are four parts in
total and to simplify the simulation only one mirror half of the
frame will be examined.
We assume that the mass of the user is evenly distributed
between the two legs, obtaining 1584/2 = 792 N on a frame, and
divided by 2, because of the mirror halves, we get the value of 396
N.
This force will be used in the calculation of the obtained stresses in
the roller skate frame in the calculation module "NX NASTRAN".

1. Introduction
In the context of the new age characterized with more and more
facilitations in human activities and with the development of
electronic devices such as smartphones, tablets, computers and
related games, the increasingly sedentary lifestyles and deteriorating
health, which covers more and more young age groups make
people's interest in resuming and increasing physical activity as a
means of prevention against a number of negatives caused by
immobilization to return gradually.
Although active recreation is gaining increasing popularity,
many people still prefer not to move and spend a significant share
of their leisure time sitting in front of a computer, tablet or
smartphone without realizing the harmful effects on their bodies
and their lives as a whole, expressed in future overweight problems,
eye problems, hypertension, increased risk of cardiovascular
disease, disorders of the nervous and endocrine systems and others.
This group of people needs a stronger stimulus to make them
physically active. Combining this need with people's innate desire
to seek new and different experiences, we face the challenge of
inventing an attractive tool that arouses more people's interest in
active recreation, exercise and sports, which would result in greater
number of healthy and happy people.
The desire of people to have the freedom to move at a higher
speed than when walking and at the same time not to get too tired
dates back centuries. This pursuit has led to the advent of skating as
a means of transportation, attraction, play and sport. Due to the fact
that nowadays the market is saturated with a wide variety of skates,
bicycles and other fundamentally similar products, it can be
concluded that they maintain people's interest in themselves to a
certain, relatively constant, level.
An impetus of higher interest in movement can be achieved
through innovation in the design of a product that offers a new
experience that could not be achieved through existing solutions.

2. Assumptions and ways to solve the problem
As a result of the use of roller skates for entertainment or sports
on uneven surfaces, other than specially designed, there is a
significant amount of mechanical energy absorbed by the joints of
users due to passing through bumps or during the implementation of
combinations of jumps and landings from different heights. The
larger the mass of the users of the product, the more mechanical
energy they absorb. This energy has a shock character due to the
lack of absorbers in the known designs of roller skates.
The problem can be summarized as follows:
Study on the absorbed energy in the frame of roller skates, due
to dynamic loading during landing and determination of the
boundary conditions in which mechanical deformation and
destruction can occur.

4. Results and discussion
Figure 1 shows the scheme of the examination, as the surfaces
marked in blue are fixed, and the red arrows indicate the location
and direction of the influencing forces. The material is polyamide.

3. Solution to the studied problem

The study was carried out using the Finite Element Method.
Information about the network of the part (Fig. 2):
Number of elements: 56463;
Number of nodes: 110564;
Number of Tetra elements10: 56463; Network type: 3D
network, Tetra10;
Physical properties of the network: PSOLID2;
Size of the tetrahedral element: 2.5 mm.

As a result of the design of a new type of roller skates with
optimized construction, there is a need to check to what extent the
conceptual solution is applicable and feasible, as well as the
boundary conditions under which plastic deformation in the frame
would occur.
The research on this problem will consider several scenarios of
dynamic loading.

6
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Figure 4. Resulting displacement at a static loading with a force of
396 N

Figure 1. Test scheme

Figure 5 presents the results in terms of occurring equivalent
stresses in the frame construction according to Von Mises. The
maximum value is approximately 60.4 MPa, which is above the
yield strength of the material (58 MPa).

Figure 2. Shape of the network

Figure 5. Result for equivalent stresses
From the above it should be concluded that the values
obtained for the equivalent stresses are within the plastic
deformation zone which leads to structural destruction of the part in
this area.

Figure 3: Information about the material
Figure 3 gives general information about the material taken
from the software library.
The results of the examination and the simulation show that at a
force of 396 N the maximum resulting displacement of the areas of
the frame is 0.45 mm (Fig. 4).
The color diagram in Fig. 4 clearly shows which areas of the
part have the largest displacement.

Figure 6. Result of equivalent stresses in the nodes of the elements
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Figure 6 shows the values obtained in the nodes of the
elements. In reality, the value of the stresses is between those
obtained through Von Mises and those in the nodes of the elements,
which is again above the yield strength limit for the material, hence
the deformation is irreversible and is in the plastic zone

6. References
6.1. Sen. Res. Assoc. I deg. DMSs. Mutafov, St. Stefan, Prof.
Dr. Ivan T. Goranov. ANTHROPOLOGICAL-ERGONOMIC
CHARACTERISTICS OF THE BULGARIAN POPULATION,
Sofia 1985.
6.2. http://signlanguage-bg.com/demos/specbgsl/bg/364.htm
6.3. https://www.angio.net/personal/climb/speed.html
6.4. https://www.engineeringtoolbox.com/impact-forced_1780.html

5. Conclusion
This study determines the boundary numerical values of the
mechanical stresses occurring in the frame of roller skates under
dynamic load, which are sufficient to cause plastic deformation.
The results show that in the scenario of free landing of a person
with a mass of 100 kg from a height of 0.8 m, values close to the
yield strength limit of the selected material are obtained, but above
this limit.
The obtained numerical values should serve as a guide for their
improvement in the future product, either by using a material with
better mechanical properties, or by strengthening the part in the
weak areas, or perhaps applying a combination of these two
approaches.
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Abstract: Milliards of dollars are set aside for preserving the life on planet Earth and help climate change. Unfortunately, the advances in
technology are incapable to help us sort out this vital problem, because the more advanced the technology nowadays is, more irresponsible
we become in taking care about consequences after the expiration date of it. It is not only the plastic pollution of ocean of our planet that
stops the formation of oxygen but also the irresponsible disposal of lithium-ion rechargeable batteries for smartphones, tablets, computers,
electric smart devices and vehicles that are no longer in use, create ionizing radiation and form a radioactive background that affects living
and non-living organisms inhabiting our planet. So, when the technology cannot help us, then perhaps the pure science would come to the
rescue of preserving ourselves. There are laboratory researches about recycling lithium-ion batteries and here where we are – we are going
to implement mathematics, algorithms, indexed arrays(vectors) for describing the benefit of manufacturing the recycling of lithium-ion
batteries.
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waves created by a metronome, whose length increases as the
frequency of shocks per minute decreases. Louis Turenne draws
another important conclusion that the waves that are measured
appear to be harmonic to the waves measured in μ.

1. Introduction
Bodies in nature are divided into three groups or categories:
1) Radioactive (RA) forms, which contain positive and negative
electricity, forming atomic bombardment, which, hitting the ether,
gives constant waves;
2) Forms that contain only positive electricity;
3) Forms that contain only negative electricity.

On the other hand, in physics, the wavelengths of colors in μ are
set, as well as their frequencies in billions of kilocycles, the
wavelengths of which are given in Table 1. [1]

Based on categories 1), 2) and 3), Louis Turenne created
detectors for each one of 3 groups:
1. Normal radioactive detector;
2. Detector (minus) - (negative);
3. Detector (plus) - (positive);

Measuring scales
Colours
Length in μ
Frequency in
billions of
kilocycles

Using these three detectors and applying his theory of wave
propagation, he was able to find out that all radioactive forms emit
constant waves and that the forms of the second and third groups,
placed under certain conditions, also emit waves, but they are not
constant, which he called pendulum /static/ waves.

Table 1. Measuring scales. [1]
Value 1 Value 2
Value 3
Red
Yellow
Green
0.64
0.56
0.52
380

520

580

Value 4
Blue
0.48
640

2. Lithium-ion battery and principle of operation
Nowadays, the lithium-ion battery is one of the most popular
types of batteries in portable electronic devices - electric cars,
laptops, smartphones, tablets and other portable devices. The three
main functional components of a lithium-ion battery are the anode,
cathode and electrolyte, for the manufacture of which different
materials can be used. The most popular material for the anode is
graphite. [3]

Also, engineer Louis Turenne was able to graphically trace the
spectra of these static waves, when it is impossible to study the
spectrum of constant waves, which are excessively short, node to
node and practically represent continuous straight lines. [1]
Tesla and other scientists speculated that electric and magnetic
forces were actually streams of ether that is fixed in matter.
Materials are somehow "polarized" by "rubbing" as the ether passes
through them. Most substances maintain the flow indefinitely
because it does not make them work. It is enough for matter to
simply remain polarized in order to conduct the flow of the ether.
[2]

Fig. 1 shows a three-dimensional image of the grid of the
cathode, where the atoms of the chemical elements are represented
as vertices of a polyhedron - 3-Dimensional figure, which are used
to make it, and the covalent bonds that exist between the chemical
elements are represented as sides of the polyhedron.

According to these theories it is possible to conclude:
Conclusion N 1: All radioactive bodies emit constant waves Wave that results from impacts on the ether, with a uniform
frequency, and as a result of mechanical, electrical, magnetic,
atomic or other bombardment. These waves are also known by the
radio as carriers.
Fig. 1 Three-dimensional image of the grid of the cathode.

Conclusion N 2: All other forms emit static waves, which the
detectors will encounter in the form of spheres or ellipsoids, which
are usually 4 groups, one after the other and are repeated in the 4
perpendicular directions in which the constant carrier wave
propagates. The wavelength of each group is L and consists of 4
ellipsoids. For the 4 groups in the direction of the carrier wave will
be L, 2L, 3L, 4L. The four concentric spheres or ellipses have wave
heights h, 2h, 3h, 4h, respectively. An abbreviated image of a static
wave can be represented by knowing the direction of the (+) or (-)
wave and the value of the first h and L.

Therefore, we can present a fixed graphical structure of the
vertices of a single component of the cathode in one of the three
planes – x-z plane of a 3-dimensional coordinate system, which is
illustrated in Table 2. The presence of atoms of chemical elements
involved in the construction of grid of cathode are marked with '1'
and their absence with '0'.
Table 2. A single component of the cathode in one of the three
planes – x-z plane of a 3-dimensional coordinate system.
Plane
x1
x2
x3
x4
z1
0
1
1
0
z2
1
0
0
1
z3
0
1
1
0

Louis Turenne draws the following conclusion after many
experiments: mechanical or atomic shock waves follow the same
laws and create the same constant waves as those of mechanical
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will need to be recycled - a problem which Elon Musk should think
about.

3. Conditions and prerequisites for the transition
of ions of a lithium-ion battery
A lithium-ion battery (popularly known as Li-ion) is a type of
rechargeable battery in which lithium ions move between the two
electrodes. When charged, the ions move in the direction from the
positive to the negative electrode, and when discharged - from the
negative to the positive electrode. [3] It is possible to determine the
time – t needed for one ion or multiple set of ions from positive
electrode to reach the negative electrode or vice versa. In this way, a
complete timing diagram for charging and discharging a lithium-ion
battery can be recreated. In Fig. 2 is illustrated functional scheme of
lithium-ion battery.

6. References
1. Luis Turenne, Scientific Physical Radiesthesia (Radio
Disintegration) in Eleven Books (1998).
2. Gerry Vassilatos, Lost Science (2004).
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Литиевойонна
батерия,
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Available:
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https://www.innovationtoronto.com/2016/08/fungi-recyclerechargeable-lithium-ion-batteries/.

Fig. 2 Three-dimensional image of the grid of the cathode.[3]

4. Lithium-ion battery recycling with fungi
The idea of recharging lithium-ion battery is to decompose the
components of grid structure of the Cathode by organic acids that
some fungi can produce. There are researches that microbes or
fungi can produce organic acids that may help leach out valuable
metals [4]. Scientists give ideas about how to remove cobalt and
lithium from the acid produced by fungi or microbes. [5]
The first step for recharging lithium-ion batteries is construction
of facility where Lithium rechargeable batteries will be stored and
will be recharged and recycled by organic acids produced by fungi.
As a result of recycling of Lithium rechargeable batteries, there we
will have an environment without radioactive waste.
When we have the facilities, then we can collect Lithium
batteries and transport them to the facilities.
Table 3 presents the atomic wavelengths of some fungi.
Table 3. Atomic wavelengths of some fungi. [1]
Name of funji
h
Amanita muscaria
13
Amanite phalloïde
13
Amanita citrina
13
Amanita pantherina
13
Amanita verna
13
Amanita jacksonii
62
Thick amanita
50-55
Cortinarius
50-55
Dandruff
50-55
Porcini Yellow
50-55
Chanterelle Orange
50-55

5. Conclusion
As a result, the height - h and the length L of radiation of static
waves can be determined for each living and non-living being.
Engineer Louis Turenne also makes a detailed table with values of
height - h and length L of radioactive waves that different fungi
emit in nature and if the upper limit of waves emitted by a lithiumion battery coincides with the lower limit of radioactive wave
emitted by a sponge and vice versa, resonance will occur and it
would be possible to recycle radioactive waste in the form of
unused batteries. At a time when the air is polluted by increased
carbon emissions and as a result of the replacement of cars internal
combustion engine with electric cars, it will lead to production of
many batteries for electric cars, which at some point in the future
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1.

In this classification, the flat transport hub is exclusively
intercepting parking lots (Figure 2).

Introduction

The processes of globalization and urbanization have led to the fact
that about 52% of the world's population is concentrated in cities.
Nowadays, for the metropolis, there is an acute issue of creating a
high-quality urban environment, one of the key factors of which is
public transport. It is needed to ensure freedom of movement
around the city. Public and private transport, as well as pedestrian
connections, form the skeleton of an urbanized area. Accordingly,
transport planning is planning the freedom of movement of each
citizen.

Figure 2. Scheme of transport hub: flat and capital

2.
Preconditions and means for resolving the
problem

Having analyzed the examples of existing transport hubs, both in
Russian and foreign practice, as well as the definition of transport
hub as a public space that unites various types of transport, it is
possible to expand this classification, considering the greater
difference in structural options.
This article proposes the following classification of transport hubs
in terms of three-dimensional structure:
• planar single-level transport hub;
• planar two-level transport hub;
• capital multilevel transport hub.
A single-level plane transport hub means that all pedestrian and
transport links are on the same level. Transport hubs of this class
can be seen in any, even a small city, for example, stopping
several routes of one or several types of transport (Figure 3).

A modern city is a complex system, which is the most important
infrastructural component. The larger its transport network, the
more complex its transport network. As it is difficult to cover all
districts of the city with direct routes, the creation of transport
hubs is one of the tasks for creating a high-quality urban
environment. The transport hub combines three major
components: transport, road network and passenger traffic
(Figure 1). This integration serves to improve passenger comfort,
simplify the operation of the transport system and reduce traffic
congestion.

Figure 1. Scheme of transport hub
Figure 3. Planar single-level transport hub in Moscow, Russia

2.1 Theoretical Model
In the most general sense, a transport hub is any stopping point
where a passenger can change a route or mode of transport [1]. In
a narrower sense, transport hub is both an element of the urban
environment and a three-dimensional structure that allows
transplanting and solving a range of social and domestic
problems.
A transport hub is an infrastructural element of the planning
structure of a city for transport and public purposes, which
performs the functions of distributing passenger flows between
modes of transport and directions of movement, and also
provides passengers with additional services in parallel [2].
Competently organized, including in a design context, transport
hub is a point of attraction for the citizens and tourists.
The primary problem the designers at the planning stage of the
transport hub at the intersection of transport and passenger flows
are facing is to determine the three-dimensional structure of the
hub. According to the classification in literature [1], all transport
hubs are divided into two categories:
 flat:
 capital.

A planar two-level transport hub connects no more than two levels
of pedestrian and traffic flows (for example, metro and bus). In
the Austrian city of Graz, during the reconstruction of the station
of the same name, the movement of tram lines underground made
it possible to create a modern version of this type of transport hub
[3]. Due to the division of human flows by the levels of the
complex, all types of transport have a simple transition between
themselves (Figure 4).

Figure 4. Planar two-level transport hub in Graz, Austria
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Moving the existing stop underground could solve the problem of
unsatisfactory location of routes relative to each other and
dissociation of various types of public transport. The creation of a
large area visible from all sides was a powerful impetus for the
development of the attractiveness of this node, not only as a
transport facility, but also as an urban space. At the same time, a
bright accent was created in the form of a roof over several bus
station stops. It is an oval disc-ring, which the locals call the
"golden eye". Thanks to the golden material of the roof, this
canopy creates a slight glow around it, and if you look at this
material from below, from the very stop, it becomes clear that it
reflects a slightly modified version of everything that is under this
canopy, in particular passengers, buses and lanes for movement.

Figure 6. West Kulun’s floor plan.
The use of underground areas for transport facilities is a common
practice in China. Designers do not spend colossal areas in a builtup city on objects of short-term stay, because of this, less
stringent requirements are imposed on insolation. The entrance at
ground level is the most convenient for all groups of passengers
using this transport hub. This solution allows you to divide users
into those who are familiar with the structure of the site, who, for
example, use it to travel to work, and those who are here for the
first time. In addition, you do not need to use additional lifts stairs and ramps to get to the transport hub. This standard
technique will increase passenger traffic and significantly
improve the quality of the environment of this transport hub
(Figure 7).
The ticket area, located on this level, is complemented by
navigation, which allows users of all categories to easily find the
desired direction or platform. For non-standard situations, friendly
staff are always ready to help, which is especially important for
older passengers, since they are still more accustomed to asking
for advice than looking for information on a digital display.

Figure 5. Transport hub Graz: in the foreground the illuminated
light of the tram line, bus stops under the golden eye canopy and
the railway station.
The advantages of planar transport hubs include the low cost of
design and implementation, as well as the creation of a
qualitatively new public space, which, in addition to the
convenience of transplanting, can solve public and everyday
problems by placing small architectural forms and small retail
outlets.
Multi-level capital transport hubs are characterized by the presence
of several levels, the purpose of which is to separate passenger
flows and reduce the building area. To create a modern transport
hub of this type, it is necessary to create a space that provides
exceptional opportunities for passengers.
The West Kulun transport hub in Hong Kong is an exciting example
of a multi-level transport hub (Figure 6). This international
railway station covers an area of approximately 400,000 square
meters. It includes fifteen underground tracks - nine for longdistance trains and six for transfers [4]. The exterior walls in the
building are made of 4,000 glass panels, and curving white
columns support the arched roof. The large glazing has been
designed so that natural light penetrates even the lower levels of
the transport hub.
The unusual structure is integrated into the landscape, with
passengers immediately entering the checkout area, where flows
are divided into arrivals and departures. For the first, the third
underground floor is allocated, and for the second - the second,
and platforms are located on the fourth underground floor. This
solution allows you to maximize the division of human flows,
while the halls are supplemented with small retail outlets, where
you can find what you need on the road.

Figure 7. Transport hub West Kulun, Hong Kong, China
Capital transport hubs are much more expensive in design,
construction and operation, however, a large area allows you to
place both full-fledged transport complexes and additional public
and retail spaces, which can significantly reduce costs [5].

3.

Conclusion

The use of one or another tree-dimensional structure of a transport
hub should take into account both the existing urban development
and landscape, and the estimated passenger traffic and the
throughput of the future hub [6].
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1. Introduction
This research focuses on risk analysis, risk management
techniques and methods to reduce risks to acceptable levels in an
extremely rich but also sensitive coastal area. It should be
appreciated at the outset that risk can never completely disappear, it
always exists, but it is possible to reduce it and reduce it to the level
of acceptable risk [1, 2]. What is the acceptable level of risk
depends on the situation and various factors, and this is one of the
items that need to be defined during the risk management process.
The entire risk management process can be divided into two main
segments. The first is risk assessment, and the second is action to
reduce it.
As there are many possible scenarios for various ventures and
projects in the coastal area, the number of potential disaster risk
reduction measures is exponentially higher. Each individual project
that begins carries certain risks, and therefore for each of them it is
necessary to develop and apply a system of disaster risk reduction
measures, and apply theories of coastal zone management and risk
management [3]. A large number of countries use FSRU terminals
(Floating Storage and Regasification Unit) for transhipment of
liquefied natural gas and one of these countries is the Republic of
Croatia, where preparations are currently underway for the
construction of such a plant in Omišalj on the island of Krk [4].
Ship-to-ship transfer, which is one of FSRU transhipment methods
is shown on Figure 1.

Fig.2 Schematic of the regasification process. Source: authors on the basis
of Janssens, P., Energy Bridge: The World's First LNG Offshore Solution,
Gastech, Bilbao, Spain, 2005.

When conducting a risk assessment related to the import of
liquefied natural gas through the FSRU terminal, the analyses must
include the FSRU ship, incoming LNG tankers, other coastal
infrastructure and the terminal, location and local meteorological
and oceanographic conditions, traffic in the waters and the
surrounding area.
Four categories of factors influence risk assessment [7]:
- location, specific local conditions, LNG imports, importance
for the region
- potential threats, potential accidents, possible accidents,
critical coastal infrastructure and FSRU ship, incoming LNG
tankers
- risk management objectives, identification of consequences to
be avoided (e.g. injuries or damage to property), importance
of LNG supply
- possibilities of protective mechanisms, safety measures,
warning and alarm systems, reaction measures in case of
accident
These categories must be taken into account when determining
whether the implemented safety measures can successfully achieve
the desired level of risk management for a particular project in a
particular area. Hazardous projects such as liquefied natural gas
imports should be regularly re-evaluated, in order to reassess the
adequacy of the safeguards applied because conditions may change
frequently. For example, changes in the context of facilities, coastal
infrastructure, the emergence of new threats, changes in risk
management objectives and many others.

Fig.1 Ship-to-ship transfer. Source: MFAME, Excelerate Energy: All Set for
1000th Ship-to-Ship Transfer of LNG Celebration, 05.08.2016.,
https://mfame.guru/excelerate-energy-set-1000th-ship-ship-transfer-lngcelebration/ (27.07.2020.)

It is important to note at the outset that the floating terminal for
the import of liquefied natural gas is actually a ship connected to the
onshore pipeline through which natural gas is further transported to
end consumers [5]. Once the liquefied natural gas is unloaded at the
FSRU terminal, a regasification process needs to begin before the
natural gas can be sent further to the onshore pipeline network to
supply consumers. The regasification system can be considered the
main functional system of each FSRU terminal, since it is in this
system that the conversion of gas from liquid to gaseous state takes
place [6]. Figure 2 shows a schematic of the regasification process
at the FSRU terminal.

2. Methodology of risk assessment
When joining each project, some benefit is expected from it for
a certain cost. However, each project carries with it certain risks,
and it is often necessary to implement certain risk reduction
measures, which also represents additional costs. It is for this reason
that this analysis is done, which determines the methods that can be
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used to keep the project profitable in the end. In this way, a balance
is sought between the costs caused by the implementation of risk
reduction measures and the residual level of risk. As pointed out
earlier, the risk can never be completely eliminated, but only
reduced to an acceptable level, and this is exactly what this method
seeks to achieve, taking into account cost-effectiveness and
potential benefits. As part of this method, the so-called cost-benefit
balance is often used to determine the balance between costs and
benefits, the ALARP principle. This principle is based on reducing
the risk as much as reasonably possible by rational use of available
resources. Therefore, if the implementation of some measures
would slightly reduce the risk given the high costs of the measures,
it is concluded that the implementation of such measures is not
justified. Conversely, if the risk were significantly reduced for a
reasonable cost of measures, enforcement is justified. From this it
can be concluded that for the costs of implementing risk reduction
measures and the risk reduction itself, it is desirable to be
proportional in size. The ALARP principle is often displayed
graphically, with three different fields representing risk levels.
Figure 3 provides a pictorial representation of this principle.

due to significant worsening of weather conditions, danger of
terrorist attacks, robberies, kidnappings, etc. It is important to
emphasize that in case of operation of FSRU ship as a receiving
LNG terminal, there is no danger of pollution of the marine
environment with ballast water, since LNG tankers arrive with full
cargo and without ballast. As they discharge the cargo, they take
ballast from the local area, so there is actually no discharge of
ballast water into the local waters.

3. Risk management objectives
This phase involves determining the objectives of risk
management and the level of severity of the consequences of
accidents during LNG operations, including potential property
damage, potential injuries, potential damage to public safety, etc.
Setting goals is done in close cooperation with owners and
managers, experts and scientists. The task of this step is actually to
determine the acceptable risk, i.e. the extent to which it is
acceptable to perform a process given the severity of the
consequence that is potentially possible. It is impossible to reduce
the risk to zero, but it is possible to reduce it to the extent that it is
acceptable for a certain project and a certain area.
It is common for the following important factors to be taken
into account when setting risk management objectives [9]:
- consequences in the event of a collision with an LNG ship
- consequences in case of spillage of LNG into the sea
- hazards caused by the spillage of LNG into the sea (damage to
the environment, risk of fire and explosion, danger to the
health of human, animal and plant organisms)
- hazards arising from spills from propellant tanks into the sea
- acceptable duration of the interruption of the FSRU ship
- speed of resumption of operation of the FSRU ship after a
temporary interruption of operation
- consequences in case of operations' termination of the FSRU

Fig.3 Scheme of ALARP (As Low As Reasonably Practicable) system.

The uppermost field represents an unacceptable risk, and it is
mandatory to implement risk mitigation measures in order to reduce
it to an acceptable level. The middle field represents an acceptable
risk and the implementation of measures is not necessarily
necessary, but it is desirable if an additional significant risk
reduction would be achieved for a reasonable cost. The lower field
represents a negligible risk that is so low that it is insignificant and
can be ignored. Cost-benefit analysis together with the ALARP
principle is almost always used when planning all projects in coastal
areas.

4. Protective and safety measures to reduce risk
This phase includes the identification of all safeguard
operations to reduce potential risks and the safety and security
measures of the FSRU ship and the surrounding terminal area. The
general items covered by the risk mitigation safeguards is listed
here, and the next chapters will describe in more detail the specific
implementation of some of safety and security measures on FSRU
ships [9]. Thus, safeguards that mitigate potential risks on FSRU
ships include:
- safety measures for gas supply systems, pipelines, tanks
- regasification and distribution
- availability of medical, fire, police services and SAR services
- availability of a sufficient number of adequate tugs
- warning and alarm systems
- the possibility of rapid, efficient cessation of cargo operations
- safety aspects of FSRU ship design (double hull, fireproof,
etc.)
- safety distance from other port areas and facilities, residential,
commercial, industrial facilities and the like
- pollution prevent measures in the event of an LNG spill
- measures in case of fire, explosion
- measures in the event of a collision with an LNG ship on
arrival
- measures for termination and commencement of cargo
operations
- measures of reaction in case of war or siege
- evacuation plan
- security systems of the FSRU ship and the surrounding area
of the terminal (protective fences, security guards, video, etc.)

The context of the FSRU facility such as location, micro
location, specific local conditions, meteorological and
oceanographic conditions, and desired cargo operations must be
identified for risk assessment. Information that must be taken into
account are:
- neighbouring surrounding area: distance from other port areas
and facilities, distance from residential, commercial, industrial
facilities, or other infrastructures such as tunnels, bridges, etc.,
as well as distance from regular traffic lines and flows
- prevailing weather conditions: wind direction and speed,
possibility of particularly dangerous weather conditions such
as hurricane or hurricane wind, sea currents, wave height,
seismic activity, type of sea bottom, proximity of river
estuaries, possibility of ice, etc.
- cargo operations: size and design of the FSRU ship, expected
frequency of delivery, size of tanks, regasification capacity,
seasonal needs for LNG, required quantity of supply
In the process of identifying potential hazards and threats to the
FSRU ship and the surrounding area, it is necessary to take into
account "unexpected" accidents, but also the possibility of
intentionally caused accidents such as in the case of terrorist attacks
[8]. Potential accident scenarios include: leakage from tanks or
pipelines, rupture of tanks or pipelines, collision with an incoming
LNG tanker, oil spill due to damage to the hull, accidents with
ballast system, shipboard accidents, fires, explosions, interruption

5. Monitoring, evaluation and modification of
measures
Once safety and security measures have been in place, all for
the purpose of mitigating risks, their effects need to be regularly
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monitored and evaluated during their implementation. It is
necessary to evaluate their success in maintaining pre-defined risk
management objectives, and to react if it is concluded that there is
still room for improvement of the system. It is also important to
regularly update and modify the existing risk management system,
as there may be a change of context in terms of changing delivery
volumes, construction of new facilities near the terminal, changing
requirements related to international conventions, etc. Regular
evaluations of the existing system and the application of new,
updated safety and security measures increase the safety of people,
property and the environment, and reduce risk, which is exactly
what it aims to achieve.

FSRU ships, as well as all new tankers being built today, must meet
the standards of double hull construction, which is one of the most
important safety measures to prevent accidents and catastrophes
[11].

7. Safety measures
The term safety of the FSRU terminal refers to the day-to-day
operations performed on it, and they can be related to cargo and
cargo operations or any other area such as mooring or unmooring.
Emphasis was placed on their proper execution and implementation
of precautionary measures, as well as reaction measures in case of
potential accidents during the execution of these operations. Several
standardized safety systems are used, which are in fact the most
common for all types of LNG ships, and their primary goal is to
increase the safety of terminals, crew, property and the
environment, and accordingly, reduce the risk of accidents and
disasters.

6. Risk reduction measures
Regarding the system of measures to reduce the risk of
accidents and catastrophes during the operation of a floating
terminal for the import of liquefied natural gas (Figure 4 shows an
example of an LNG spill), as well as the general protection of the
terminal and the surrounding area, three main components are
distinguished: safety, security and corrective measures in case of an
accident. These measures will be described and explained in more
details. Here, it is important to mention conventions and regulations
that apply to this type of ship, and which actually serve as a basis
for good practice in achieving security and protection of FSRU
terminals.

ESD system
An emergency shutdown system (ESD) is a system that has the
important task of stopping all cargo processes active at the terminal
in the event of an emergency. The system must therefore include all
parts of the process at the terminal, namely: FSRU ship, LNG ship
reloading cargo, tugs that must be on standby to access and tow the
ship to a safe distance from the terminal in time and the onshore
pipeline infrastructure and safety valves. Since this system is mainly
used during cargo transhipment operations, in order to be
functional, the system must be synchronized with the land
infrastructure and other ship with which the transhipment is
performed. After activating the system, the automatic shutdown of
cargo pumps and compressors begins and certain safety valves are
closed by the system. Also, in many strategically p laced locations
on the terminal, switches for manual activation of the system can be
found, however, the main purpose of the system is that it is
activated independently and automatically in certain emergency
situations, thus preventing potential negative consequences. Some
of the activation factors of the system are: exceeding the limit
values of pressures in cargo tanks, land and ship pipelines or
pumps, fire detection on FSRU ship, LNG ship reloading cargo or
anywhere else in the terminal area, interruption of synchronization
with other ship or land infrastructure and power outage. Before
starting the process of reloading cargo from the LNG ship to the
terminal, the entire system undergoes a thorough check to determine
the state of readiness, after which transhipment operations can begin
after it is clearly established that the synchronization of all parts is
successful and the system is in standby mode.

Fig.4 An example of an LNG spill. Source: Hine, L., MOL outlines lessons
learned from LNG ship cargo release, 21.07.2016.

FSRU terminals are adapted to special local conditions and
legal regulations, and are subject to the national standards of the
country in whose territory the exploitation takes place [10]. It is
important to note once again that FSRU ships are subject to all the
classic classification requirements for ships dealing with the cargo
of liquefied natural gas. Therefore, FSRU ships, just like
conventional LNG ships, must comply with the following
conventions, codes and regulations of the International Maritime
Organization (IMO):
- International Convention for the Safety of Life at Sea
(SOLAS)
- International Convention for the Prevention of Pollution from
Ships (MARPOL)
- International Code of the Construction and Equipment of
Ships Carrying Liquefied Gases in Bulk (IGC)
- International Ship and Port Facility Security Code (ISPS)
- International Safety Management Code (ISM)
- International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers (STCW)
In addition to the above conventions, it is clear that FSRU ships
must comply with all other conventions in the maritime world.
Furthermore, it is necessary to have valid certificates and
documents in accordance with these conventions, and to meet all
appropriate safety requirements prescribed by classification
societies, flag state and the state in which the terminal is operated.
In addition, these ships are required to comply with regulations
related to the construction and equipment of ships performing
regasification processes (Guide for Building and Classing LNG
Regasification Vessels) and special instructions for LNG ships
issued by the Society of International Gas Tanker and Terminal
Operators (SIGTTO) [11]. Of course, in terms of ship construction,

HIPPS system
The High Integrity Pressure Protection System (HIPPS) system
is responsible for preventing excessive pressures in any part of the
operating system during liquefied natural gas cargo operations [10].
The basic mode of operation of the system is to eliminate the source
of overpressure by closing the predefined safety valves, shutting off
the pumps or acting preventively by opening the vents before
excessive pressures occur and rise above the maximum allowable
values, thus preventing potential accidents. It usually works in
combination with the aforementioned ESD system, and is activated
as one of the safety factors of the system.
Pressure control and exhaust valve system
The system has an important function of optimizing the
pressures in the tanks and pipelines of the FSRU terminal in case of
exceeding the previously set limit values, with the aim of safety of
the terminal and its surroundings [11]. The system determines the
minimum and maximum allowable pressure values, and in case of
increase above the upper limit value, gas is released through vent
valves and pressure is reduced, while in case of decrease below the
lower limit value, additional gas enters and pressure increase
occurs. This prevents potential damage to tanks and pipelines due to
too high or too low pressures within the system. The system works
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Also of great importance in the overall security of each FSRU
terminal is the proper application of the International Safety
Management Code (ISM). This code covers ships and companies at
the same time, thus ensuring the necessary synchronization between
ships and companies. Based on this code, a ship safety management
system (SMS) is adopted, which prescribes safety management
methods for each individual ship, and there is a specific person
ashore who is in charge of the connection between the ship and the
company on ISM issues and SMS, as well as to control the
implementation of security measures.

by having the valve of each tank connected to its vent mast. In
addition, each tank is connected to a main vent tank in which
evaporated gas is collected before being discharged through the
main vent mast, which is usually located somewhere on the bow of
the FSRU ship [10]. As a flammable atmosphere is created when
the gas comes out of the vents when the gas comes into contact with
oxygen from the air, it is necessary to constantly treat the vents with
nitrogen, which creates an inert or non-flammable atmosphere. At
the bottom of each vent mast there is a valve that regulates the
release of nitrogen into the vent line, for the reason already stated
that when the vent valve is opened, gas is released into the
atmosphere, which leads to a potential risk of ignition when leaving
the vent mast. Namely, in this situation, two of the three factors
required for the fire, i.e. the closure of the burning triangle (heat
source - flammable substance - oxygen) are met, and in that case
even the smallest spark, which is the heat source, is sufficient for
the fire. The presence of nitrogen in this mixture of gases, therefore,
acts in a way that dilutes the flammable mixture of natural gas, and
at the same time reduces the proportion of oxygen in the
atmosphere immediately at the exit of the gas from the vent.

4. Conclusion
Coastal areas around the world today are among the most important
areas on Earth. Not only does an extremely large proportion of the
world's human population live here, but the same is true for many
plant and animal species. In addition, these areas represent an
extremely valuable resource for all coastal states that have the
ability to exploit it.
As in practice there are many cases in which the application of
protective measures is required in the coastal area, this paper
focuses on analysis of and practical application of safety and
security measures of the floating terminal for the import of liquefied
natural gas. This analysis illustrates how the proper implementation
of safeguards can decrease the risks of negative consequences and
disasters to the lowest possible level. No serious incidents have
been reported since these terminals operate worldwide, as is the
case in the entire LNG industry, due to the fact that the highest
standards of safety and security in maritime affairs are present here,
and the adopted protection measures are properly and timely
implemented and, if necessary, improved. This is the main proof
that a properly adopted system of coastal zone management and risk
management, if adequately adapted to the specific problems that
occur in the area, can result in the desired way, which is to reduce
the risk of disasters in the coastal area.

PERC system
The Powered Emergency Release Coupling (PERC) is a system
responsible for acting in an emergency situation by quickly and
efficiently stopping cargo transhipment processes and releasing all
transhipment pipes with the help of specially designed safety hooks
that are located at the junction of the terminal pipeline and the cargo
LNG pipeline of the ship [11]. Also, the system can release the
mooring ropes so that in the event of an emergency, the ship can be
removed to a safe distance as soon as possible, either with its own
propulsion or with the help of tugs. This applies to both the LNG
transhipment vessel and the FSRU vessel. A PERC system
arrangement is illustrated on figure 5.

The design, construction, operational procedures, and control of
other coastal exploitation systems can be similarly organized. If
problems are anticipated, noticed and identified in time, and
approaches to solving them, by applying adequately adopted
measures, the coastal area can certainly be positively affected in the
long run. In this way, it is possible to reduce the risks of negative
consequences and disasters, and preserve the coastal area, so that
future generations can also engage in activities in this area. Respect
for the principles of sustainable development, coastal zone
management and risk management is the only correct path to be
followed in any activity in extremely rich, but equally sensitive,
coastal areas.

Fig.5 PERC system arrang. Source: MannTek LNG Solutions, 21.10.2020.

The system is connected to the aforementioned ESD system and
is usually activated automatically as part of the safety factors of that
system.
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by the technical parameters of transport facilities. In addition to this,
the correspondence matrix between the network nodes is also
known. Shipments need to be distributed in such a way that the total
cost of transporting cargo from the sea to the railway polygons is
minimal:

1.Introduction
International transit transport connections constitute basically a
territorial-industrial complex of the region, which ensures the free
passage of various products and the mutually agreed operation of
these systems. In its structure, regional transport consists of railway,
highway and maritime infrastructures. They should demonstrate a
remarkable level of interconnection between the transport and
handling links to ensure coordinated cargo and passenger traffic; in
addition, the territorial or industrial complex should provide both
intraregional and international traffics. To this end, the regional
transport system is directly related to prospects of the country's
economic development, both domestically and internationally, and
it shall provide:
an analysis of regional entrepreneurship and
facilitating the entry of specific economic sub-regions
into international markets;
allocating cargo between transport modes taking into
account the technical and economic characteristics;
improving the transport network under conditions of
the expected growth in cargo and passenger traffic by
technical-economic criterion;
support of expected expenditure of expected costs in
view of the growing transport activities.
The results of many years of research in this area have
shown us the importance of economic-geographical, engineeringeconomic and economic-mathematical methods and the need for
calculating them with a view to increasing the efficiency of the
South Caucasus transport corridor. Proceeding from studies on
improving operation of transport systems, over the past 20 years, we
have seen a need for different methods of forecasting cargo turnover
and cargo traffic, of which a preference was given to improving the
method of irregularity of transport, which is directly related to turnround of cargo handling. It refers to the ratio of the actual volume of
transport work Qa to the volume of production of this cargo Qp:

𝐾 = 𝑄𝑎 /𝑄𝑝 ; i.e. 𝑄𝑎 = 𝐾 ∙ 𝑄𝑝

𝐹 ≈ 𝑚𝑖𝑛 𝑛𝑘 𝐶 𝑛 ∙ 𝑋𝑛
0 ≤ Xn ≤ dn
𝑆

𝑡

𝑋𝑉 −
𝑉=0

𝑚

𝑚

𝑋𝑚 =
𝑚 =1

𝑟𝑖𝑗 −
𝑖=1

𝑟𝑗𝑖

(𝑗 = 1, 2, … , 𝑚)

𝑖=1

where 𝑋𝑛 – the volume of traffic in the node K; C – the number of
links in the nodes; t –– the number of links coming from the node j;
𝑟𝑖𝑗 and 𝑟𝑗𝑖 – the number of correspondences from point I to j and
from j to i.
Port capacity for maritime transport depends primarily on
the capacity of the ferry front at the port, which is calculated in the
course of the year

𝐹 = 𝐹𝑚 ∙ 𝑀𝑛 ./𝐾𝑖𝑟
𝐹𝑚 – ferry’s monthly capacity, t/per month;
𝐾𝑖𝑟 – irregularity of monthly capacity in the course of the
year;
𝑀𝑛 – navigation period.
The capacity of a single-rail transport is calculated

𝐹 = 365 ∙ 0,8𝑁𝑚𝑎𝑥 𝑄/𝛾,
where 0,8 –factor of single-rail road;
Nmax – carrying capacity of the parallel rails;
Q – net mass of train.
Road capacity depends on the number of traffic lanes:

𝐹 = 𝑁𝑡 ∙ 𝑞 ∙ 𝛾𝛽𝑡𝑑 ,
where 𝑁𝑡 – the number of trucks; 𝑞 – average capacity of vehicles,
t; γ – load factor; β – haulage factor; 𝑡𝑑 – carriage duration (the
number of days per year).
To forecast traffic, we can use the general parameters of vehicles,
such as: load capacity q, corresponding factor γ, haul distance L and
loading-unloading time at the station or port t 𝑙𝑢 (see Fig. 1).

(1)

The next stage of the methodological goal is to select the
districts in the region that are distinguished by the highest cargo
accumulation scale, and the latter is directly related to the areas
occupied by ports and stations, and mechanical equipment of
unloading and loading at docks of stations and ports.

The construction of public roads in the South Caucasus lags
significantly behind the road construction in developed industrial
areas. The construction of overland transport facilities in the region
is growing at a slow pace compared to the construction of main
pipelines, the rate of which is 4-5 times higher than the construction
rate of any transport roads. In addition, mention should be made of
the urgent need for a high level and fast pace of development of
transport networks related to the development of regional

2. Preconditions and means for resolving the
problem
Many algorithms and computer programs can be used to
address the problem of rational distribution of cargo flows, the most
rational of which for our case is L.L. Afanasyev’s method [1],
which involves the initial transport network. This network consists
of node m and guide links n. In each node, there are losses on
shipping operations Cn and their throughput dn, which is approved
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characterized by three indicators: cargo capacity, loading-unloading
time and travelling speed. Theoretically the differential

𝑑𝑊
𝑑𝐿

= 𝑡𝑔𝛼

of their operational performance (W) and haul distance (L) is
represented by the curves (see Fig. 2).

W t km

L, km
Fig.2. Chart on comparison of operational performances of road
(1) and rail transport (2).
In the coordinate system for the corresponding curves of
vehicles and rail transport (1 and 2), their operational performances
are determined by dependence on haul distance
by limits
Fig. 1. The relationship between the cost of carriage (S) haul
distance (L), load capacity (𝑞𝑢 ) and loading-unloading time (td )
particularities of production and consumption of industrial
products.
In accordance with scientific and technical progress, the use
of new, advanced types of rolling stock is of particular importance,
and their wide use in rail, road, air and sea transport will
significantly improve the economy of the Transcaucasian republics
and will facilitate the smooth flow of goods.
It is known that the smoothness of the flow of goods
depends also significantly on the coordination of traffic, which in
turn is related to the loading-unloading efficiency at key points of
the networks. The smooth (synchronous) course of these processes
to a large extent predetermines a working rhythm of the networks
and affects the cost of carriage.
In the South Caucasus transport corridor, cargo
transportation is provided basically by trucks. They are fitted with
the trailers and semi-trailers, which allow us to increase
significantly operational performance of rolling stock by increasing
their load capacity, which is associated with full utilization of
engine power with no downtime with a combination of variable
trailers. This is directly related to fuel efficiency.
Here, we must be careful with the increase in load capacity
of vehicles, which sometimes affects various indicators of their
performance, especially in terms of traffic safety.
It is known that the interdependence between vehicles, rail
transport and seaports in terms of cargo traffic flows is

lim𝐿2 →∞ 𝑊2 = 𝑞2 ∙ 𝛾2 ∙ 𝑉2 ∙ 𝛽2
𝛾1 ∙ 𝑉1 ∙ 𝛽1

and

lim𝐿1 →∞ 𝑊1 = 𝑞1 ∙

or
lim W 2
lim W 1

>1

𝐿1,2 → ∞

3. Conclusion
Similarly, the ratio scale levels can also be determined by
haul distance, loading-unloading time, and load capacity.
Thus, to determine the ratio of the comparative parameters of
different vehicles, the slope of the performance curve allows for
specifying the advantage of one type of vehicle over another one.
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1. Introduction
Delay Tolerant Networks (DTNs) [1-8] are networks of challengednetworks and are characterized by the absence of a continuous path
between source and destination. Data is transmitted using message
switching approach.

Prophet routing protocol
Prophet (Probabilistic Routing Protocol using History of
Encounters and Transitivity) [12] is a variant of the epidemic
routing protocol. It operates by pruning the epidemic distribution
tree to minimize resource usage while still attempting to achieve the
best-case routing capabilities of epidemic routing. This protocol
uses the delivery predictability, and attempts to estimate based on
node encounter history, which node has the higher probability of
successful delivery of a message to the final destination.

An emerging field for development of DTNs is using transport
network. Buses and other forms of transport cover all the area of the
city. We can thus use the vehicles to route information and create a
specific application such as advertisement applications.
The purpose of this research work, is to use DTN in an urban
environment where the main actors that will contribute in
communication will be moving pedestrians, cars and buses
equipped with buffers and antenna and investigate the effect buffer
size on the performance of different DTN routing protocols.

3. Simulation Scenarios

The remainder of this paper is as follows. Routing protocols and
their characteristics are presented in Section 2. The simulation
scenarios are described in Section 3. In Section 4 are shown the
simulation results. Finally, the conclusions are presented in Section
5.

In this research work, we took into consideration a scenario based
on an urban area of Tirana city in Albania. The map was imported
from Open Street Map and is presented in Fig. 1. Using Open Jump,
we deleted all the routes we are not interested and focus only in the
inside ring. The red streets are for buses and the inside area of the

2. Routing Protocols
In this paper, we consider four DTN routing protocols: Epidemic
[9], Spray and Wait [10], Maxprop [11] and Prophet [12]. A short
description of each protocol is in the following.
Epidemic routing protocol
Epidemic [9] protocol is based on the flooding mechanism.
Each message is spread in the network with no priority and no limit.
When two nodes are within the communication range of each other,
they will exchange the list of message IDs and compare them to
find the messages that are not already in the storage of the other
node. After this, a check of available buffer storage space is done.
This protocol can be used in scenarios where there is no information
for the network topology and the mobility of nodes.
Spray and Wait routing protocol
Spray and Wait [10], as the name suggest is composed of the
spray phase and the wait phase. When a new message is created in
the network, a maximum of L number of copies of the message is
created in the network. In the spray phase, the source of the
message will spray one copy of this message to L different “relays”.
When a relay receives the copy, it enters the wait phase, where it
will hold that message until encounter the destination directly.

ring for the random movement of cars and pedestrians.

Fig. 1 Tirana city map imported from Open Street Map.

Maxprop routing protocol

In Fig. 2 is presented a screenshot of the simulation with The ONE
simulator [13].

Maxprop [11] uses priority for the schedule of packets transmitted
to other nodes and the schedule of packets to be dropped. These
priorities are based on historical data and some complementary
mechanisms. Three used mechanisms are: head start for new
bundles, lists of previous intermediaries, and system-wide acks.

In Table 1 are listed all the simulation parameters and their settings.
Messages are generated every 25-35 seconds.
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Pedestrians are in a group of 30 nodes and move according to
random routes with a speed [0.5, 1.5] m/s.
The group of cars is composed of 30 nodes moving according to
shortest path map-based movement with speed [1.5, 7.5] m/s. The
third group is with 10 or 20 buses.
The simulations are done for three different values of host numbers.
Four routing protocols and two different buffer size values.

●

Average latency: It is calculated as the average time
elapsed from the creation of the messages at source to
their successful delivery to the destination

●

Overhead ratio: Is calculated as the difference relayed and
delivered messages over the number of delivered
messages.

4. Simulation Results
The simulation results presented in Fig. 3 and Fig. 4 are for the
delivery probability for buffer size 2M and 20M, respectively. The
delivery probability for small buffer size is low for all considered
protocols. This is related with the small number of nodes in a very
big area where the chances of opportunistic contacts are very low.
The increase of buffer capacity will help in the process of carrying
the data for longer time until the contacts to be established and the
positive effect is shown from the results of Fig. 4. The increase of
the number of buses will improve the performance.
The increase of buffer size will have a positive effect also in
decreasing the overhead ratio as shown in Fig. 5 and Fig. 6.
The results for average latency are presented in Fig. 8 and Fig. 9.
The increase of buffer size will decrease the overhead ratio for all
protocols. The lowest overhead ratio is achieved from Spray and
Wait because the number of copies created per bundle is limited.

Fig. 2 Screenshot from the simulation with the ONE simulator.

Table 1: Simulation parameters and settings.
Parameters
Settings
Simulation Time
100000 s
Number of Nodes in
30 nodes
Pedestrian Group
Number of Nodes in
30 nodes
Cars Group
Number of Nodes in
0, 10, 20 nodes
Buses Group
Interface
Bluetooth/WiFi
Interface Type
Simple Broadcast Interface
Transmit speed
250 kBps/10MBps
Transmit Range
10/150 m
Epidemic, Binary
Routing Protocol
Spray and Wait, MaxProp,
PRoPHET
Buffer Size
2M, 20M
Message Generation
[25, 35]
Rate
Message TTL
300 minutes
Movement model of
ShortestPathMapBasedMovement
Cars and pedestrians
Movement model of
MapRouteMovement
Buses
Message Size
500kB - 1MB

Fig. 3 Results of Delivery Probability for buffer size 2M.

The evaluation metrics are:
●

Delivery probability: It is calculated as the ratio of
number of delivered messages over the created ones.
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Fig. 4 Results of Delivery Probability for buffer size 20M.

Fig. 8 Results of Average Latency for buffer size 20M.

Prophet has the lowest delivery probability because this protocol
chooses the nodes from where the message will be delivered by
using delivery predictability.

Fig. 5 Results of Overhead Ratio for buffer size 2M.

5. Conclusions
In this paper, we have investigated the effect of transportation
system and buffer capacity on the performance of a DTN in Tirana
city, Albania. Three different scenarios where considered: no bus
from the transportation system, 10 and 20 buses. The performance
was measured for four routing protocols (Epidemic, Spray and
Wait, MaxProp and Prophet). The simulation results showed that
the increase of buffer size has a positive effect on the performance
of routing protocols because messages are stored in the buffers and
can wait longer for an opportunistic contact to happen. Also, the
increase of the number of nodes increases the delivery probability
because more nodes in the network increase the chances that the
message arrives at the destination.
Fig. 6 Results of Overhead Ratio for buffer size 20M.
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Abstract: Man, as a mechanical system, is extremely complex and his mechanical properties readily undergo change. There is
limited reliable information on the magnitude of the forces required to produce mechanical damage to the human body. Our interest in
devoted to evaluation of harmful shock and vibration effects during transportation on already sick or injured patients, assessing possible
health deterioration degree and developing countermeasures.
This article considers the following problems: (1) the determination of the structure and properties of the human body regarded as a
mechanical as well as a biological system, (2) the effects of shock and vibration forces on this system in healthy and injured states during
ambulance transportation, (3) the protection required by the system under various exposure conditions and the means by which this
protection is to be achieved, and (4) tolerance criteria for shock and for vibration exposure in injured state and assessing possibilities of
additional health deterioration.
This article introduces methods used for mechanical shock and vibration studies on man. Subsequent sections deal with the
mechanical characteristics of the body, the effects of shock and vibration forces on man, the methods and procedures for protection against
these forces, and safety criteria.
KEYWORDS: RANDOM VIBRATION, VIBRATION ANALYSIS, AMBULANCE ENVIRONMENT, TOLERANCE CRITERIA,
INJURED PATIENTS, BIOMECHANICAL SYSTEM, PATIENT SAFETY.
in planning and conducting the experiment, uncontrolled interaction
between these parameters can lead to completely inadequate results.
For example, the dynamic elasticity of tissue of a certain area of the
body may depend on the simultaneous vibration excitation of other
parts of the body; or the elasticity may change with the duration of
the measurement since the subject’s physiological response varies;
or the elasticity may be influenced by the subject’s psychological
reaction to the test or to the measurement equipment.
Compensation for complexity of living systems is absolutely
essential because of the variation in , size, shape, injury severity,
sensitivity, and responsiveness of people and because these factors,
for a single subject, can vary with time. The use of adequate
statistical experimental design is essential and almost always
requires a large number of observations and carefully arranged
controls. A range of mechanical and hydraulic vibration exciters can
be simulated virtually through software.
In determining the effects of shock and vibration during
patient transportation, the mechanical force environment to which
the human body is exposed must be clearly defined. Force and
vibration amplitudes should be specified for the area of contact with
the
body.
Vibration measurements of the body’s response should be made
whenever possible by noncontact methods. X-ray methods can be
used successfully to measure the slight displacement of internal
organs. Optical and stroboscopic observation can give the
displacement amplitudes of parts of the body. If vibration pickups in
contact with the body are used, they must be small and light enough
so as not to introduce a distorting mechanical load. This usually
depends on the frequency range of interest and the effective mass to
which the pickup is attached. The lack of rigidity of the human body
as a supporting structure makes measurements of acceleration
usually preferable to those of velocity or displacement. The
mechanical impedance of a supine subject is extremely useful for
calculating the vibratory energy transmitted to the body by the
vibrating structure. The mechanical impedance of small areas of the
body surface can be measured in different ways for example by
vibrating pistons, resonating rods, and acoustical impedance tubes.

1. INTRODUCTION
Forces may be transmitted to the body through a liquid,
solid or gas. They may be diffused or concentrated over a relatively
small area. Also may vary from tangential to normal and may be
applied in multiple directions. In all these cases position, injury
severity and shape of the human body are quite determinant factors.
All these aspects must be taken into account in comparing injuries
produced by shocks, blows, vibration, etc. Laboratory studies often
allow fairly accurate control of force application, but field situations
are extremely complex. Therefore it is often very difficult to predict
what will happen in the field on the basis of simulated laboratory
experiments. It is equally difficult to interpret field observations
without the benefit of laboratory studies.
The term shock is used differently in biology and medicine
than in engineering; therefore one must be careful not to confuse the
various meanings given to the term. In this case the term shock is
used in its engineering sense and is defined as: non-periodic
excitation characterized by suddenness and severity. A shock wave
is a discontinuous pressure change propagated through a medium at
velocity greater than that of sound in the medium. In general,
forces reaching peak values in less than a few tenths of a second and
of not more than a few seconds’ duration may be considered as
shock forces in relation to the human system.
Biological systems may be influenced by vibration at all
frequencies if the amplitude is sufficiently great. This article is
concerned with the frequency range from about 1 Hz to 30 Hz.

2. RESEARCH METHODS
Our end goal is safer ambulance transportation of already
critically ill or injured patients without any meaningful health
deterioration induced by transportation process. Most quantitative
investigations of the effects of shock and vibration on humans are
conducted virtually in controlled, simulated environments.
Meaningful results can be obtained from such tests only if
measurement methods and instrumentation are adapted to the
particular properties of the biological system under investigation to
ensure noninterference of the measurement with the system’s
behavior
(can vary based on degree and severity of injuries, patient position
and shape). This behavior may be physical, physiological, and
psychological although these parameters should be studied
separately if possible. The complexity of a living organism makes
such separation, even assuming independent parameters, only an
approximation at best. In many cases if extreme care is not exercised

3. SIMULATION PROCESS AND APPLICATION
FIELD
The establishment of limits of already injured human
tolerance to mechanical forces, and the explanation of further
injuries produced when these limits are exceeded, frequently
requires experimentation at various degrees of possibilities. To
avoid
unnecessary
risks
to
humans, software based simulations are used for experimentation.
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As a result of these studies, levels may be determined which are,
with reasonable probability, safe for human subjects in real life.
However, such comparative experiments have obvious limitations.
The different structure, size, weight and injury degree of patients
may shift their response curves to mechanical forces into other
frequency ranges and to other levels than those observed in
simulations. These differences must be considered in addition to the
general and partially known physiological differences between
individuals. For example, the natural frequency of the thoraxabdomen system of a healthy human is between 3 and 4 Hz; for an
injured person the same normal frequency can induce some pain,
urge body to make additional movements, consequently increasing
the frequency range. Therefore maximum effect and maximum
damage occur at different vibration frequencies and different shocktime patterns in human depending on the body state. However,
simulations based on healthy human values are well worth making if
adequate interpretation of the data and scaling laws are established.
Many kinematic processes, physical loadings, and can be studied on
dummies which approximate a human being in size, form, mobility,
total weight, and weight distribution in body segments.. Figure (1)
shows the sensor placement on the pivotal body parts, granting
opportunity to evaluate the impact of forces individually. The head,
neck, chest, and knee responses are designed to mimic human
responses, namely, the head acceleration resulting from head
vibrations, bending of the neck, the impacts on the knee and so on.
Another alternative is computer based simulation process, which
mimics the movement patterns of a human body and considers most
of the forces transmitted through the surface and their impact.

Table1. Field application of mechanical studies of the body
Field of application
Dynamic
mechanical
quantity investigated
Vibration
mechanics, Stretcher
improvements
Vibration suppression
decreasing impact of vibrations,
Ambulance design
Mechanical properties of Device research; Correction of
outer, middle,
hearing deficiencies; Ear protection
and inner ear
Resonances of mouth, Theory of speech generation;
nasal, and pharyngeal Correction of speech deficiencies;
cavities
Oxygen mask design
Response of mouth- Respirator design, Tube and
thorax system
breathing circuit design

Figure1. Scheme of dummy on the Stretcher with sensor placement
Such simulation allows evaluation of the mechanical
responses of the human body and tissues exposed to vibration and
impact [1]. The data can be used to calculate quantitatively the
transmission and dissipation of vibratory energy in human body
tissue, to estimate vibration amplitudes and pressures at different
locations of the body, and to predict the effectiveness of various
protective measures. Table (1) lists some dynamic mechanical
characteristics of the body and indicates some of the fields
where these data can find its application. In cases where detailed
quantitative investigations are lacking, the information may serve as
a guide for the explanation of observed phenomena or for the
prediction of results to be expected.

Propagation of pulsed
cardiac pressure
Heart sounds, Heartbeat
Frequency

Circulatory
physiology;
hemodynamics
Physiology of heart; diagnosis

Response of the thoraxabdominal mass
system
Impedance of subject
lying
on
vibration
platform
Hand-arm impedance

Stretcher design; belt and strap
advancements

Impedance
of
body
surface, sound velocity in
tissue,
absorption
coefficient
of
body
surface

Theory of energy transmission in
tissue; determination of tissue
elasticity and compressibility;
determination of acoustic and
vibratory energy entering the body;
vibration isolation; design of
vibration pickups; transfer of
vibratory energy to inner organs
and sensory receptors; soft tissue
and organ imaging

Isolation and protection against
vibration
and
short-time
accelerations
Isolation and protection against
hand transmitted vibration;

4. EFFECTS OF VIBRATION
The motions and mechanical stresses resulting from the
application of mechanical forces to the injured human body during
transportation have several possible effects: (1) further health
deterioration or severe pain from already injured body areas; (2)
direct interference of vibrations with physical activity of ambulance
staff members; (3) mechanical damage or malfunction of medical
equipment; (3) secondary effects (including subjective phenomena)
operating through biological receptors and transfer mechanisms,
which produce psychological changes in the organism. Damage of
this kind is produced when the accelerative forces are of sufficient
magnitude. The additional injuries to heart and lungs probably result
from the beating of these organs against each other and against the
rib cage. The brain injury, which is a superficial hemorrhage, may
be due to relative motion of the brain within the skull, to mechanical
action involving the blood vessels or sinuses directly, or to
secondary mechanical effects.

Most physical characteristics of the human body presented
have been derived from the analysis of experimental data in which it
is assumed that the body is a linear, passive mechanical system. This
is an idealization which holds only for very small amplitudes.
Therefore these data may not apply in analyses of further
mechanical injury to tissue. There is actually considerable
nonlinearity of response well below amplitudes required for the
production of additional damage. Bone behaves more or less like a
normal solid; however, soft elastic tissues such as muscle, tendon,
and connective tissue are affected differently [2].

25

TRANS MOTAUTO WORLD, ISSUE 1/2020

An increase in body temperature is also observed after
exposure to intense vibration, witch is probably mechanical in
origin. Estimates of energy dissipation from body mechanical
impedance data suggest that heat can be generated at large vibration
amplitudes.
Vibration can induce physiological responses in the
cardiovascular, respiratory, skeletal, endocrine, and metabolic
systems and in muscles and nerves. The cardiovascular changes in
response to intense vertical vibration are similar to those
accompanying moderate exercise: increased heart rate, respiration
rate, cardiac output, and blood pressure. Vibration of sufficient
intensity will cause mechanical pumping of the respiratory system,
but is unlikely to produce significantly increased ventilation or
oxygen uptake [3]. Changes in blood and urine constituents are
commonly used as indicators of generalized body stress and may, in
consequence, be observed in persons exposed to vibration. Vibration
can stimulate a tonic reflex contraction in muscles, which is a
response to the stretching force (the tonic vibration reflex), disturb
postural stability, and lead to body sway. Extremely low-frequency
whole-body vibration, which occurs during regular transportation,
may also cause motion sickness (kinetosis).

Figure 2. Peak acceleration at various frequencies at which
subjects refuse to tolerate further exposure (less than 5 min) to
vertical vibration. The blue lines describe the standard deviation on
either side of the mean

5. HUMAN RESPONSE TO VIBRATIONS
Feelings of pain, discomfort and apprehension may be
associated with exposure to whole-body vibration once the stimulus
has been perceived. The extent of the pain and discomfort depends
on the magnitude, frequency, direction and duration of the exposure,
and the posture and orientation of the body, injury severity and
cover area, as well as the point of contact with the stimulus. The
response is also influenced by the environment in which the motion
is experienced (e.g., stretcher motion on ambulance floor). The
range in response of different individuals to a given stimulus is
large. In general, subjective responses to vibration may be
subdivided into three broad categories: the threshold of perception,
the onset of unpleasant sensations, and the limit of tolerance feeling pain.
Once detected, the growth in sensation follows a Stevens’
power law function with index k, in which the psychophysical
magnitude of a stimulus, ψ, is related to its physical magnitude φ by:
ψ = constant {φ k}
(1)
For discomfort associated with whole-body vibration, k ≈ 1.
Frequency contours of equal sensation magnitude depend
principally on the direction in which vibration enters the body and
whether the person is standing, seated, or lying. Contours which
summarize current knowledge may be inferred from the frequencyweighting functions employed in the international standard for
whole-body vibration. The effect of the duration of exposure t on
subjective responses to vibration is often found to follow a power
law relationship of the form:
φnt = constant
(2)
Where the magnitude of the index n is from 2 to 4. For situations in
which the perception of vibration is judged unacceptable, the
boundary between acceptable and unacceptable exposures will be
related to the physical magnitude of the stimulus corresponding to
the threshold of perception, and will not depend on the duration of
exposure.
The goal of an experiment is to establish subjective limits
of tolerance to various vibrations for short-duration exposures (less
than 5 minutes) Figure (2). The peak accelerations at which injured
person is not able to withstand the exposure can be seen to depend
on frequency. Reason for not withstanding the exposure is either
general discomfort or, within restricted frequency ranges, difficulty
breathing (1 to 4 Hz) or chest and/or abdominal pain (3 to 9 Hz).
International Standard ISO 2631 defines methods for the
measurement of periodic, random, and transient whole-body
vibration [4]. The standard also describes the principal factors that
combine to determine the acceptability of an exposure and suggests
the possible effects, recognizing the large variations in responses
between individuals.

6. PROTECTION AGAINST VIBRATIONS
Protection of patient against mechanical forces is
accomplished in two ways: (1) isolation to reduce transmission of
the forces to the man and (2) increase of man’s mechanical
resistance to the forces. Isolation against shock and vibration is
achieved if the natural frequency of the system to be isolated is
lower than the exciting frequency at least by a factor of 2. Both
linear and nonlinear resistive elements are used for damping the
transmission system and stretcher; irreversible resistive elements or
energy absorbing devices should also be used. Injured patient’s
tolerance to mechanical forces is strongly influenced by selecting
the proper body position with respect to the direction of forces to be
expected. Man’s resistance to mechanical forces also can be
increased by proper distribution of the forces so that relative
displacement of parts of the body is avoided as much as possible.
This may be achieved by supporting the body over as wide an area
as possible, preferably loading bony regions and thus making use of
the rigidity available in the skeleton (strapping on the stretcher). The
flexibility of the body is reduced by fixation to the rigid structure.
The mobility of various parts of the body, e.g., the abdominal mass,
can be reduced by properly designed belts and straps. The factor of
training the ambulance staff members is essential for the best use of
protective equipment, for aligning the injured patient’s body in the
least dangerous positions during intense vibration exposure.
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Abstract: In recent years, accidents in maritime transport of bulk cargoes which are able to liquefy have sharply increased, resulting in
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The analysis of the statistical data from fig. 1, raises before the
Maritime Community the urgency of the issue related to insuring
the safety of navigation in the transport of this type of cargo.

1. Introduction
In 2019 and 2020 the growth in maritime transport and the
prospects associated with this were sharply affected by the global
economic and health crisis caused by the COVID pandemic. However, the importance of maritime transport for trade and economic
development worldwide is clear from the volumes of freights transported by sea. Thus, in 2019, more than 80% of the volume of
world trade, representing approximately 70% of the value of traded
goods in the world is realized by sea transport on board international merchant fleet [5].
Despite the sectoral changes in the global economy over the
years, in the whole variety of goods transported by sea, the largest
share over 47% falls on bulk cargoes, including grain and solid bulk
cargoes [5].
Many ships are involved in the transport of this large volume of
seaborne cargo and, of course as a consequence, the probability of
occurrence of emergency events at sea increases. According to
Allianz Global Corporate & Specialty, Safety and Shipping Review
2020, the number of total losses of bulk carriers over 100 GT, for
the period from 2010 to 2019 amounts to a total of 84 ships [6]. Of
this, according to Bulk Carrier Casualty Report Years 2010 to 2019
and trends issued by the International Association of Dry Cargo
Shipowners (INTERCARGO), 39 bulk carriers over 10000 DWT
have been identified as lost, which makes an average of 4 ships per
year. The total tonnage of lost bulk carriers amounts to 2,59 million
DWT, which is approximately 259 thousand DWT per year [4].
Against this background, not many, but with huge damage consequences, accidents related to cargo liquefaction stand out, most
often leading to loss of vessel, cargo and entire crew. For the period
from 2010 to 2019, statistics show 8 accidents related to cargo
liquefaction, resulting in total loss of ship and cargo and the loss of
106 lives, or an average of 17 lives lost per year [4], [7].

2. Discussion
Cargo liquefaction is common problem concerning granulated
solid bulk cargoes with high moisture content transported by sea in
bulk. Such cargoes may appear to be in a relatively dry granular
state when loaded, and yet may contain sufficient moisture to become fluid under the stimulus of compaction and the vibration
which occurs during the voyage (fig. 2). Consequently following
ship’s motion, the cargo may shift sufficiently to capsize the vessel.

Fig. 2: Iron ore cargo before and after liquefaction.

The process of liquefaction of solid bulk cargoes other than
grain transported in bulk has been studied insufficiently and therefore insurance of ship safety when such cargoes are transported by
sea is based on practical experience and has no theoretical explanation. The only requirement in this regard, regulated by IMO in the
IMSBC Code, is that concentrates or other cargoes which may
liquefy shall only be accepted for loading when the actual moisture
content of the cargo is less than its Transportable Moisture Limit
(TML) [1].
From the conducted investigations of accidents and the observations and experiments made on the behavior of the liquefied cargo,
it can be assumed that as a result of the liquefaction, the cargo in the
hold of the ship acquires a three-layer configuration (fig. 3). The
first layer (1) is a solid mass of cargo deposited on the bottom surface of the cargo hold. The second layer (2) includes a clay liquid
mass, and the upper layer (3) – a liquid phase of mixture of filtered
water and powder and small particles of the cargo.

Fig. 1: Causal – consequence analysis of the total losses of bulk carriers over 10000 DWT transporting cargoes in bulk which are able to
liquefy.

In fig. 1, these statistics are presented in the form of a comparative analysis of the causes and the consequences that led to the
sinking of bulk carriers.

Fig. 3. Three layer configuration of liquefied cargo in ship cargo holds.
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due to cargo liquefaction with a correction Zg may be large

As a result of the stratification of the liquefied cargo in the cargo holds of the ship, it can be concluded that the maritime accidents
during the transport of this type of cargo is caused by two dangerous factors:
1. The adverse effect of the liquefied part of the cargo with its
free surface – layer (3), on the metacentric height GM, which is the
main criterion for the stability of the ship;
2. The shift (sliding) of the clay liquid part of the cargo – layer
(2), to one of the two sides of the ship, which leads to the appearance of residual list of the vessel (fig. 4).

enough to capsize the vessel.

Fig. 5: Change of stability lever due to shift of cargo.

Metacentric height is the most important factor of the stability
of the vessel, characterizing the level of its safety in terms of preventing its capsizing. In this regard, there are regulatory requirements set out by the IMO [2], [3]. The problem is that quantitative
criteria for assessing the stability of the ship in order to prevent
cargo shift are defined for grain bulk cargoes only.

Fig. 4: Residual list of a vessel as a result as a result of
cargo liquefaction in the cargo holds.

The free surface of the liquefied part of the cargo always decreases the metacentric height by the value GM , which can be
determined by the formula:
C.l.b3
GM  
(1)



where C – is a coefficient; determined by tables and depends on
the type and nature of the cargo holds of the vessel;
l, b – are respectively the largest length and width of the
cargo hold at the height of the liquefied part of the cargo within;
 - displacement of the vessel.
Fig. 6: Dynamics of list growth before capsizing of m/v „Jian
Fu Star”, „Hong Wei” и „Bulk Jupiter” represented in
minutes.

The impact of the cargo shift is determined mainly by the heeling moment obtained due to cargo sliding against one of the ship
sides. Then, when the ship is heeled with an angle of heel  , the
static moments of the cargo, related to the planes XOZ and XOY
will increase as follows:
(2)

mxz ()   mvxz ()  Vy  ;

(3)

mxz ()  V(zvxy (zv  zv )

In the investigations of maritime accidents related to the loss of
ships carrying cargoes which are able to liquefy, in addition to the
above theoretical justifications for the accidents, it was found that
all of them (ships) had made a voyage from several hours to several
days before cargo liquefaction happens [7]. During this time, all
wrecked ships have suffered heavy pitching and rolling with amplitudes of 10° to 35° on both sides and periods of roll of 7 to 15
seconds. Waves have breaked onto the vessels construction causing
heavy shocks and vibrations shaking the ships hull.
Fig. 6 and fig. 7 show the graphs of list growth of the sips that
wrecked in the period from 2010 to 2019.
It has been also established that accidents in all cases investigated, have the following common features:
1. After the completion of the loading, the cargo in the holds
had its usual appearance and when the ship sailed, its stability was
not in doubt. Ships as a rule completed loading at even keel, without
any or with a list less than 10;
2. In all cases, the ships have capsized;
3. According to the results of accident investigations, the cause
of all of this accidents is the cargo liquefaction and in the vast majority of cases, the humidity of the cargo was or was seriously suspected not to be determined correctly and/or not has been con-

This causes a shift of the position of the center of gravity of the
ship, which will move from point G to point G1 (fig. 5), determined
by formulas:

m xz () 1
   i v i y v i ;


m xy () 1
zG 
   i v i ( z v i  z v i )


yG 

(4)

(5) G1z1 Gz 

1
 i m vfsi .  Gz  Zg


It follows from the analysis of formula (5) that under certain
circumstances and conditions, the decrease of metacentric height
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It should also be noted that often cargo liquefaction and consequent cargo shift are not always root causes for the maritime accidents, but are consequences.
Therefore, in order to solve the first problem and to prevent maritime accidents with ships, it is necessary to study and to understand the physical causes of liquefaction and shifting of cargoes
transported in bulk and the occurrence of initial list or unexpected
capsizing of the ship and to assess the dynamics of its development
over time.
- the other problem as shown by the investigations of casualties
at sea with ships carrying solid bulk cargoes prone to liquefy and to
shift is related to the risk assessment when taking decisions during
management of the safety in shipping in the events of an emergency
at sea.
Therefore, on the basis of the results of the investigations of
maritime casualties, it is necessary to study and to confirm the
relationship between the ergatic system “ship-cargo-human (operator)” to solve the problems of accidents in the transport of this kind
of cargoes and to develop relevant rules and methodologies for the
prevention of emergencies and accidents, including the necessary
control of the conformity of the transport acceptability of the cargo
before its loading on board the vessel.

trolled, as a result of which it has exceeded the maximum permissible transportable moisture limit.

Фиг.7: Dynamics of list growth before capsizing of m/v „Nasko
Diamond”, „Bright Ruby” и „Trans Summer” represented in hours
and minutes..

3. Conclusion
Based on the theoretical considerations and the analysis of the
information from the investigations of the maritime accidents related to the total loss of ships carrying cargoes which are able to
liquefy, the following two main problems can be brought out, which
should stay to the attention of the Maritime Community and should
be guidelines for their solution:
- the first problem is that operating solely on the assessment of
the development of emergencies (according to the marine casualty
investigations) of a single ship, it is impossible to carry out with a
sufficient confidence factor a similar analysis of the causes and the
consequences of accidents related to the shift of cargoes which are
able to liquefy during their transport with other vessel involved in
such kind of accidents.
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Abstract: The article discusses the benefits of converting diesel to gaseous fuels, such as reducing the toxicity of engine exhaust gases, fuel
costs and noise. It is also noted that the conversion of a gas diesel engine is technically simple and, if necessary, it is possible to operate on
diesel fuel. The main focus is on improving the efficiency of the diesel engine by adjusting the fuel mixture so that the power of the gas-diesel
engine and the diesel engine is the same under all load conditions. The influence of the explosive properties of fuel and its dosage on the
characteristics of gasoline is estimated.
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1.Introduction
Modern road and maritime transport is mainly equipped
with reciprocating internal combustion engines that pollute the
environment with harmful substances: exhaust gases, crankcase
gases and evaporation of fuel and lubricating materials. 99% of
these harmful substances come from the exhaust gases , which are
presented in the form of complex aerosols and depend on the type
of fuel, engine design, operating modes and more. It should also be
noted that vehicle engines mainly consume liquid fuels of
petroleum products with elemental composition - carbon, hydrogen,
insignificant amounts of oxygen, nitrogen and sulfur. In this case,
atmospheric air is an oxidizer. In the ideal combustion of a
stoichiometric hydrocarbon fuel - air mixture, the exhaust gases
may contain only nitrogen (N2), carbon dioxide (CO2) and water
(H2O). In real conditions, exhaust gases contain a larger number of
components, which is caused by the engine’s complex operating
modes. Thus, the use of petroleum fuels in transport internal
combustion engines, due to its negative properties and significant
reduction in resources, leads to increased fuel costs and global
environmental pollution.
The use of gaseous fuel as an alternative fuel in internal
combustion engines began 4 decades ago and has undergone certain
stages of development and improvement, including the
implementation of a diesel cycle called gas diesel, which allows the
use of at least two types of fuel: standard diesel and gaseous fuel.
The gas diesel cycle can be carried out without any structural
changes to the engine, except for the supply system of gaseous fuel.
Reciprocating internal combustion engines are known to be very
economical heat engines in modern times, which makes them
widely used in all fields. A significant drawback of these internal
combustion engines is that the vast majority of them run on
petroleum-based liquid and gaseous fuels, and the prospects for
their further development and use are directly dependent on
complex changes in gaseous fuels. Compressed natural gas (CNG)
is currently actively used in world practice, particularly on ships, as
well as as "motor fuel" for mainstream road transport, which
according to current forecasts will increase in the near future. CNG
has a number of advantages over traditional petroleum liquid fuels,
such as: environmental friendliness, economy.

load on the diesel engine should also be considered, where the airfuel ratio α varies depending on the load: in a wide range up to α =
5 and above at low engine power and idle modes, and α = 1.35–1.25
at full engine load. The range of allowable change of α depends
significantly on the properties of the fuel used. Switching the diesel
engine to gaseous fuel reduces toxicity and smoke in the exhaust
gases, as well as reduces fuel costs. It should be noted that transport
diesel engines are usually powered by both compressed natural gas
(CNG) and liquefied natural gas (LNG). Usage of liquefied gas
significantly increases fuel consumption compared to compressed
natural gas.
Diesel engines are converted to both gas diesel and spark
ignition. Convertible gas diesel is technically easy to operate, in
addition it retains the ability to run on a standard diesel process as
needed, i.e., only on diesel fuel. Qualitative load regulation is also
used in gas diesel engines. At the same time it is advisable to carry
out mixed regulation to avoid the formation of a highly enriched
mixture, which is associated with a significant increase in CnHm
emissions and consequently deterioration of fuel economy.
During the gas diesel cycle, the engine power is improved by 1015% compared to a standard diesel. In order to maintain the power
rating, it is necessary to qualitatively adjust the working mixture
during the diesel process in such a way, that a value of α is selected
according to any load mode of the engine, which provides power
compensation. This can be achieved by assuming that the heat
emitted by combustion in each mode of standard engine load would
be equal to the amount of heat emitted by combustion in gas diesel
engine operating on the same modes. Therefore, the equation will
take place:

Qdi=Qgi or Hdi=Hgi
Combustion heat of working mixture for standard diesel
engine

(𝛼 >1)

Hdi 
For gas diesel

When Diesel is working on non-traditional fuel, a number of
difficulties arise in connection with the supply of fuel in the
cylinders, the process of mixing, the process of ignition in the
combustion chamber in accordance with the requirement of the
combustion process characteristics. Qualitative adjustment of the

1  ad i I do

(𝛼 >1)

H gi 

2. Preconditions and means for resolving the
Problem

H ud

Hug
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1  ad i I do

where,
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Hdi and Hgi respectively are the amounts of heat
released as a result of complete combustion of the
standard mixture of standard diesel and gas diesel load;
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Hud and Hug are the lowest thermal capacities of
diesel and gaseous fuels;



adi and agi are values of air - fuel ratio according to
diesel and gas diesel engine load;



Ido



ad i I do the value of air-fuel ratio caused by the amount

According to the load changes for standard diesel and similarly
for gas diesel loads when they develop the same power the value of
the air - fuel ratio will be different in such a case. Hence the fuel
consumption will increase and gdi<ggi. Theoretically, according to
the above assumptions, the variability of the parameters will look
like the one shown in the figure 1:

and Igo
respectively, are the amounts of
theoretically required air for complete combustion for
diesel and gaseous fuels;

of explosive fuel in gas diesel;
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Fig. 1. Variability the parameters of diesel and gas diesel

Also is important influence of both the dosage and
theadvance spray timing of the explosive fuel on the performance of
the gas diesel.
To evaluate the impact of explosive fuel dosing, let
introduce the concept of dynamics factor, which shows the amount
of explosive fuel in each working mixture for each mode and it is
displayed as:

Ki 
Where,

Gd i -

4. References
1.

Gd i

2.

Gg i

the amount of explosive fuel,

Gg i - the amount

of gaseous fuel.

3. Conclusion
The poorer the working mixture, the greater the value of

K i , and the advance injection of the explosive fuel is less than that
of standard diesel and varies depending on the load, in particular,
the advance injection timing decreases as the load increases.
It should be noted that one of the most promising fuels for
a diesel engine may be dimethyl ether (DME) (CH3-O-CH3). Its
main advantages are smokeless combustion, NOx reduction in
emissions and low noise levels. Use of dimethyl ether in the diesel
cycle makes it possible to meet the California standard ULEV.
DME can be produced directly from synthesis gas produced from
natural gas, coal, or biomass. It can also be produced indirectly
from methanol via a dehydration reaction
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Abstract: The article is devoted to the analysis of the most used additives for lubricants. The principle of their operation and the result of
their work are considered. The effect of additives on the structure of surface layers on the surface of friction pairs is estimated. The analysis
showed the use of only a limited number of principles of the action of antifriction additives. Theoretically promising antifriction additives for
base oils, relevant for use in railway transport, have been proposed.
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is surrounded by six sulfur atoms. Testing was carried out on a
friction four-ball machine under normal load in the temperature
range 25-350 ° C. The results showed that molybdenum-containing
additives provide lower values of the coefficient of friction than
their zinc counterparts [5]. Molybdenum disulfide forms a tough
cohesive film, smoother than the working surface. The resulting
film of molybdenum disulfide on the friction surface has high adhesive properties to metal surfaces, which significantly reduces surface wear.
The most effective antifriction behavior is achieved when
the formation of secondary structures is localized in thinner metal
layers on friction surfaces. Molybdenum-containing complexes
form thinner films of S-S layers than their zinc analogs; this corresponds to lower values of the coefficient of friction [6].
Polytetrafluoroethylene has no layered structure. Its high
lubricating properties are due to its high softening point. The polymer exhibits an extremely low coefficient of friction due to the
smooth molecular structure of the polymer chains, which are
oriented in such a way as to facilitate sliding. PTFE leads to the
formation of rod-shaped macromolecules that can slide over each
other. Thus, fluorine-containing acids in an organic solvent reduce
the coefficient of friction, and the larger the carbon chain, the lower
the value of the coefficient; friction polymers also, due to the large
branching of the carbon chain, reduce the coefficient of friction.
In [7], the authors used hydrocarbon lubricants and found
that there is a decrease in surface wear during the formation of
organic products, which were called "friction polymers". The wear
of metal surfaces is reduced due to the formation of friction polymers by lubricants, which indicates a positive effect of friction
polymers on the fatigue life of high-temperature bearings and on the
contact strength of machine parts.
As a result of strong intermolecular interaction between the
surfaces of friction pairs, molybdenum complexes form thinner SS
layers, which corresponds to lower values of the friction coefficient.
Various additives (surfactants - surfactants) in lubricants are capable of exhibiting an antifriction effect due to the adsorption of polar
molecules on rubbing surfaces. The wear mechanism in the case of
ionic liquids based on fatty acids is adhesive in nature. The result of
the adhesion interaction of the rubbing bodies is the destruction of
the subsurface layers of materials, the frictional transfer of wear
particles. Lubricant molecules are adsorbed on the friction surface
and create a protective layer.
After studying the additives, we can say that the most promising will be organic compounds containing sulfur and phosphorus.
The proposed additives may be relevant for reducing the wear of the
surfaces of the friction pair rail - wheel flange of a locomotive.

Introduction
The introduction of effective antiwear, extreme pressure and
antifriction additives into lubricants has stimulated interest in the
study of existing analogues. This has generated interest in the development, testing, application of new compounds and the study of
their properties. Lubricant additives play an important role in increasing the service life and reliability of machines and mechanisms.
Additives have been discovered that effectively increase the
thermal stability of lubricating layers, reduce the coefficient of
friction and reduce wear even at high temperatures. To implement
external friction, it is necessary to create a layer on the friction
surfaces that has a small value of τ and a value of σx that is less
than that of the base material. From the consideration of the molecular component of friction, it follows that for the implementation
of external friction, the shear resistance in the contact zone of the
bodies must be less than in their volume. In other words, on the
surface of a solid, there must be a layer with a reduced shear resistance (the rule of I.V. Kragelsky).
A positive gradient of mechanical strength can be created by
applying various lubricating films on the surface at a small value of
τ, which is exactly what solid lubricants have. In the structure of
layered and solid lubricants, the relative strength of bonds between
atoms in different directions varies greatly. This is due to the presence in solid lubricants of the difference in interatomic distances
between atoms in one layer relative to others. In the structure of
solid lubricants, two types of bonds are usually combined - very
weak (van der Waals) between the layers and strong (covalent,
metallic) within the layer. In the process of friction, the layers of the
solid lubricant shift, while due to the weak van der Waals interaction between the layers, the shear resistance will be very small.
Different surfaces of layered crystals determine their surface sliding
process [1]. One of the main properties that ensures the high lubric ity of solid lubricants is their high adhesion to metal surfaces. Solid
lubricants that do not have a layered structure (metals, polymers)
exhibit a lubricating effect as a result of low shear resistance of the
resulting adhesion bridges - they create a positive gradient of the
mechanical strength of rubbing materials, which ensures stable
external friction with low friction forces.
Special attention was paid to the study of the ability of various compounds to modify the rubbing surfaces of various metals
under boundary conditions and the ability of surfactants (surfactants) to exhibit a noticeable antifriction effect due to the adsorption
of polar molecules on the rubbing surfaces [2]. It is necessary to
observe the correct technology for the production of lubricants,
because the colloidal stability of the resulting oil depends on it. A
deeper understanding of the mechanisms of action of additives will
help the development of more effective, in order to increase the
antifriction properties of lubricants.
In [3], a study is carried out of the effect of molybdenum
complexes with dithiophosphine and dithiocarbamine on the structure and thickness of the layers that they form on the surfaces of
friction pairs. MoS 2 - a lamellar solid lubricant based on molybdenum disulfide as an additive - consists of individual asymmetric
planes that slide easily relative to each other [4]. Each MoS 2 layer
consists of S - Mo - S stacks (molybdenum atoms are located between two layers of sulfur atoms), in which one molybdenum atom

Results and Discussion.
Sulfonated oils impart good antiwear properties to the lubricant. Using sulfonated hydrocarbons supposes that the active sulfur
will react with rubbing surfaces to form thick iron sulfide films that
reduce the surface wear. The sulfate ability as additives improves
the antiwear, anti-friction and extreme pressure characteristics of
lubricants. This is due to forming low-energy films on rubbing
metal surfaces under heavy loads because of chemisorption, as a
result of which friction and wear between the mating surfaces decrease. It can be assumed that the resulting surface films are easily
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shear, have their own slip planes and changes in the structure. But
this effect has its own peculiarity, namely the degree of forming
surface reactions and iron sulfide chemisorbed films, iron oxide
does not correlate with the degree of antiwear, antifriction and
antiscuffing action. Compounds (iron sulfide, iron oxide) resulting
from concomitant chemical reactions do not have the properties of
low shear strength, ductility, good fission and low melting points,

which are considered important for low wear and friction properties
under boundary conditions. This factor can affect the properties of
the formed films and have a temporary effect. Figure 1 shows by
adding sulfoadditives to the material, the wear decreased and
amounted to 30 microns. Thus, the additives reduce wear on the
friction pair. The wear rate decreased by 76% when adding a sulfocontaining agent.

Figure 1. Test results:
1– Puma; 2 – Puma + sulfo compound
2. Physicul und Chrmical crsprcts inwlved in the design of’u
lubricant und luhrictrred sy.~trm. Paisley College of
Technology, England, Symposium, 7-9 September, 1971.
3. Vipper, A.B., Cook, S.J., Karaulov, A.K., Moreton, D.J.,
Mishuk, O.A., and Leahy, R., / Tribological performance
and mechanism of action of overbased detergents // Lubricafion Science. -1997. –Vol.9 №2. –pp.207-17.
4. Teer, D.G. / New solid lubricant coatings // Wear. -2001. –
Vol. 251. –pp. 1068–1074
5. Stoyanov, P.; Chromik, R.R.; Goldbaum, D.; Lince, J.R.;
Zhang, X. / Microtribological Performance of Au–MoS2
and Ti–MoS2 Coatings with Varying Contact Pressure //
Tribol. Lett. -2010. –Vol.40. –pp.199–211
6. Li, H.; Li, X.; Zhang, G.; Wang, L.; Wu, G. / Exploring the
Tribophysics and Tribochemistry of MoS2 by Sliding
MoS2/Ti Composite Coating Under Different Humidity //
Tribol. Lett. -2017. –Vol.65. –p.38
7. Pisarova, L., Gabler, C., Do ¨rr, N., Pittenauer, E., Allmaier, G. / Thermo-oxidative stability and corrosion properties of ammonium based ionic liquids //b Tribol. Int. 2012. –Vol.46. –pp.73–83.
8. Шалыгин М.Г., Ващишина А.П. Недостатки систем
смазывания гребня колесной пары локомотива //
«Обеспечение и повышение качества изделий машиностроения и авиакосмической техники»: материалы
международной научно-технической конференции
(19-20 февраля 2020г.) / Брянск: БГТУ. – 2020. – С.
67-70

Based on the data obtained, it can be said that additives
based on sulfo compounds have the most stable indicators of wear
which is associated with the high activity of sulfur and stable compound formation on the friction pair surface. Also of interest is the
behavior of a lubricant with additives under the action of magnetic
amplifiers on a railway track or rolling stock.

Conclusion
The analysis and experiment have shown that the most effective will be additives consisting of organic and inorganic fillers.
An inorganic agent based on sulfur compounds was used in the
work. They show high chemisorption on rubbing surfaces, resulting
in the formation of protective films that reduce friction. When using
a mixed type additive - an organic agent and a non-organic agent - it
can be assumed that the friction coefficient will noticeably improve.
Based on this study, many factors must be considered to create a
lubricant additive.
The most promising direction in the development of antidegradation additives is the mixed method, which uses an organic
agent and an inorganic one (sulfonyl additives). The most readily
available organic filler is esters of polybasic acids. Sulfur and phosphorus are also widely available materials.
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