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DETECTION AND ELIMINATION OF SYNCHRONOUS MODE AFTER EXTERNAL
SHORT CIRCUIT

V. Lukovtsev, Associate Professor, PhD
H. Bandurov, Master Student

Abstract In this scientific robot, the asynchronous raathich today remains one of the most severe
emergency modes in ship power systems as it is associated with loss of stability of parallel operation of the
power plant, with possible damage to power system elements and power outages.

The method of eliminatg the asynchronous mode largely depends on the design of the power system
and synchronous generators, as well as on the cause of the asynchronous mode. One of which is a short cir-
cuit in the network.

In the case of asynchronous mode of the diesel gengmtorder not to instantly disconnect the
generator from the tires of the main switchboard, the method of eliminating the asynchronous mode by elec-
tromagnetic braking is considered.

Key words Asynchronous mode (AR), short circuit (SC) electromagnetiking (EMB), current
braking zoney 1Z) diesel generator (DG).
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IMPROVING THE EFFICIENCY OF OPERATION OF THE SHIP'S TECHNOLOGICAL
EQUIPMENT BY IMPLEMENTING A DECISION SUPPORT SYSTEM BASED ON
FUZZY LOGIC

V.V. Kriuchkov , student
V.S.Mikhailenko, Dr. of Technical Sciences, Associate professor
V.V. Leshchenkog senior teacher

Abstract The article proposed an approach for the development of a model of a decision support sys-
tem for the operation of ship technological facilities based on fuzzy logic.
Keywords fuzzy logic, technical means, decisionsup system.
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1_If (E is otr) and (El is mal} and (ED is otr) then (KU is bol)(Kl is bol)(KD is bel) (1)
2. If (E is otr) and (El iz mal} and (ED is pol) then (KU is bol)(Kl is bol}(KD is mal) (1)

3. If (E is otr) and (El is mal) and (ED is nul) then (KU is bol)(Kl is bol)(KD is sred) (1)

4. If (E is otr) and (El i bol) and (ED is otr) then (KU is bol}(Kl iz mal}{KD is bol) (1)

5. If (E is otr) and (El is sred) and (ED is otr) then (KU is bol}(K! is sred)(KD is bol) (1)
&. If (E is otr) and (El i bol) and (ED is pol) then (KU is sred)(Kl is mal)(KD iz mal} (1)
7. If (E is otr) and (El i bol) and (ED is nul) then (KU is bol)(Kl is mal}(KD is sred) (1)

3. If (E is otr) and (El is sred) and (ED is pol} then (KU is bol)(Kl is sred)(KD is mal) (1)
9. If (E is otr) and (El iz sred) and (ED is nul) then (KU is bol)(Kl is sred)(KD is sred) (1}
100, If (E is nul) and (El is mal) and (ED is pol} then (KU is sred)(Kl is bol}(KD is mal) (1)
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INFLUENCE OF THE ELECTRIC MOTORS ROTOR STRUCTURE WITH
PERMANENT MAGNETS FOR "AZIPOD" ON THE MAIN CHARACTERISTICS OF
PMSM

D. Komarnitskyi, Student
M. Pronoza, Student
O. Zarytska, PhD, Associate Professor
Odessa National Madnne University

Annotation: the research of the electric motors with permanent magnets rotor design for the "Azipod",
specifically the influence of the rotor constructive fabrication to characteristics of the electric machine.
Key words:magnet, electd motor, pole, rotor, design.
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AUTOMATION OF CONTROL SYSTEMS OF THE QUARTER
AND SIDE RAMPS OF A RO-RO

B.V. Kritsky , Master Student
V.V. Kritsky , Master Student
V.V. Busher, Dr. of Science, Professor
National UniversitycOdessa Maritime Acaderay

Abstract. The purpose of the work is to develop a prototype of an automated control system for the
qguarter and side ramps of rollers using modern electric drives, industrial controllers, and means of visuali-
zation, scheduling, and supervision. The automated system is based on SCADA Citech v.7.40, industrial con-
trollers, and electric drives Mitsubishi Electric. The peculiarities of the controllers and SCADA are taken
into account, which allowed distributing tasbetween them, and the possibility of automatic lifting / lower-
ing of ramps with coordinated control of electric drives of 1st and 2nd sections for quarter ramp and mecha-
nisms for raising / lowering, and support for side raimprovided. The visualizatin system by combining
graphic images, contrasting colors, the location of the controls near to the image of the corresponding
mechanism provides convenient operation, indication of the status of mechanisms, including accidents, and,
above all, provides damatic lifting / lowering of ramps. The scientific novelty of the work is to develop a
method of coordinated control of the mechanisms of rotation of the quarter ramp sections to provide auto-
matic lifting / lowering with protection against burying or egsiwe lifting of the ramp nose and a method of
controlling the electric drive lifting / lowering the side ramp at a constant angular velocity. the image of a
rope of pulling up of a ramp including at simultaneous work of the mechanism of movement ofriacfwpp
ramp.

Key words:Ro-Ro, ramp, SCADA, industrial PLC, frequency converter
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OPTIMIZATION OF SHIP ELEVATOR CONTROL

I.I. Sapozhnyk Mager Student
V.V. Busher, Dr. of Science, Professor
National UniversiticOdessa Maritime Acaderay

Abstract. The purpose of the work is to improve the method of control of the electric drive of the ele-
vator in accordance with the capalidis of modern asynchronous drives with field orientatiomtrol to
ensure increased positioning accuracy with speed, torque, and torque growth limits. The analysis of possibil-
ities of modern frequency converters allows offering a method of positionarg elévator cab by the for-
mation of the deterministic diagram of speed with restriction of jerk and acceleration that provides linear
shockfree growth of the moment of the engine. Stopping becomes possible at a precisely defined time with
minimal positiming error. An additional increase in accuracy is provided by the PI controller for the error
between the generated and the actual speed of the cab. The implementation of the proposed method on the
basis of an industrial controller using common encodes® ahakes it possible to install end switces at a
precisely defined distance from each stopping point, moving which "turns on" the brake section of the dia-
gram and provides accurate stopping regardless of cab load.

Keywords.Freight and passenger elevatandustrial programmable controller, frequency converter
with vector control, asynchronous electric drive.
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INVESTIGAT ION OF A SHIP FUEL SYSTEM WITH A TENSOMETRIC LIQUID
VITRATOMER

T.Gaur, senior lecturer
O .Zaritskaya, Ph.D.,docent
¢ . L i s h,ardgrgrasidate
V.Tsatskq, Ph.D., senior lecturer
Odessa National Maritime University

Abstract. The application of a straigauge of liquid flow is considered, in which to increase the relia-
bility and accuracy of measurement it was proposed to measure the flow of liquid by the difference of static
pressures in two different sections of the pipe for the fuel loading system simighlt is shown that the in-
stallation of the third strain gage allows to extend the measuring range of flow velocities. The influence of
geometric dimensions and physical properties of the fluid on the magnitude of the error is established. At
low flowrates at a system state close to equilibrium, measurements must be made using expressions describ-
ing the effect of IFO and MGO fuel friction losses.

Keywords:liquid, flow meter, strain gauge, fuel system, error.
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INVESTIGATION OF THE INFLUENCE OF TH E DESIGN OF THE MEASURING
PIPELINE ON THE RESULTS OF MEASUREMENT OF LIQUID FLOWS IN SHIP
SYSTEMS

S. Dranchuk, Ph.D., docent
O. Kochetkov, Ph.D.,docent
|. Mudryonov, undergraduate
V. Tsatsko, Ph.D., senior lecturer
Odessa National Maritime University

Abdract. The influence of the shape of the measuring pipe of the strain gauge of the liquid flow on the
measurement error is investigated. It is established that the hydraulic resistance of the measuring pipeline
does not have a significant effect on thesptee loss. To increase the accuracy of measurements, it is
recommended to use a pipeline with sudden expansion and contraction of the flow. This reduces the effect of
friction on the measurement results and extends the range of flow velocities as corophedradual
expansion and contraction of the flow.

Keywords:liquid, flowmeter, strain gauge, pipeline, error.
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IMPROVEMENT CONTROL SYSTEM OF THE ELECTRIC DRIVE FOR THE
RECIRCULATION FAN OF SHIP'S AUXILIARY BOILER, IN ORDER TO REDUCE THE
NEGATIVE EMISSIONS OF GAS INTO THE ATMOSPHERE

V. Mikhailenko, Ph.D., Associate Professor
P. Yankov, Master Student
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National UniversitycOdessa Maritime Acaderay

Abstract: It is propo®d to reduce the content of NOx and COx in the exhaust gases by controlling the
flue gas recirculation system of the ship auxiliary boiler.
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PROSPECTS FOR USING THE CAPACITOR CONTROL SYSTEM IN A SHIP POWER
PLANT

D. Vyshnevskyi,postgraduate
M. Mukha, Dr. of Technical Sciences, Associate professor
National University "Odessa Maritime Academy"

Abstract: The use of a capacitor control system as part of a ship power plant makes it possible to in-
crease the efficiency of the generator complex, improve the quality of transient processes, and simplify the
voltage regulation system.

Keywords Capactor installation, voltage control system, ship generator complex.
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IMPROVEMENT OF CHARGING SYSTEMS FOR BATTERY SHIPS

S. Rozhkov,Dr. of Science, Professor
Kherson State Maritime Academy
O. Zhuk, Ph.D., Associate Professor
D. Zhuk, Ph.D., Associate Professor
Admiral Makarov National University of Shipbdihg

Abstract: The principles of increasing energy efficiency and stabilization of the contactless charging
system for battery marine vessels when the conditions of inductive coupling change are considered.
Keywords:inductive charging system, magnetiapbng, coupling factor.
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A.S. Lozgachey Master Student
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Abstract.Anand ysi s of technical i mpl ementation of wo
used for monitoring current load and jib position of the deck cargo cranes that are electro and electro hy-
draulic driven was performed. It was established that differexttitey manufacturers such as MITSUBISHI,
MACGREGOR, IHI are using similar design principles in constructing such systems. Algorithms and con-
troll erds code fragments based on the information
when chanipg from electro hydraulic drives, already established, on electric motor based on VFD and
PLC.
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SURFACE WEAR SENSOR CYLINDER-PISTON GROUPS
OF INTERNAL COMBUSTION ENGINES

A. Sandler, docent
A. Kuznetsova docent
National University "Odessa Maritime Academy"

Abstract To build a corprehensive monitoring system for the parameters of the ship's power plant,
it is necessary to effectively monitor the state of the cylipigion group. The existing control systems do
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not fully meet the monitoring tasks in terms of their specificatiahtanhnical characteristics. The capabili-
ties of the existing known systems have limitations on the depth of use and compensation for the influence of
operational factors. A new circuit design of the wear sensor based cofftielements is proposed.

Key words:.cylinder sleeve, wear, light guide
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FIBER OPTICAL CONTROL SENSOR
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Abstract: To build a comprehensive monitoring system for the parameters of a ship's power plant, it
is necessary to effectively monittite state of technical environments. The existing control systems do not
fully meet the monitoring tasks in terms of their specification and technical characteristics. The capabilities
of the existing known systems have limitations in the depth of useampensation for the influence of op-
erational factors. A new circuit design of a turbidimeter based ondittér elements is proposed.
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THE METHOD OF MARINE ELECTRICAL POWER PLANT
PARAMETERS MEASUREMENT SPEED IMPROVEMENT
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Abstract: Ship electrical power system with synchronous generators basic parameters measurement
algorithm and method is offered. The main feature of new solutioasid on the application of advanced
multiplicated data processing method, the primary data is coming from generator current and voltage sen-
sors. Offered method application allows in period of time faster than one sinusoid period to measure: line
voltage,phase current, power factor, current frequency and direction of the power. The predictive calcula-
tion possibility of evaluating variables peak values sampling moments is provided. The algorithm is multi-
purpose because it can eledtricaepaveer nhegsuranckm, gdnteoland monitarn y s
ing systems, it has small measuring errors and simple technical implementation. Application of the offered
algorithm is especially effective in shipniegrsel ect
(high accuracy ship dynamic positioning, fast power factor correction, impact electrical load compensation)
dynamic stabilization and compensation is necessary.

Keywords:ship's electrical power system, measurement, electrical power parameterithahg
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SUGGESTIONS FOR AUTOMATION OF CONTAINERS
UNLOADING OPERATIONS BY THE DECK CRANE

A. ShestakaseniorLecturer
Odessa National Polytechnic University
L. Melnikova, PhD,&s.Professor
National University "Odessa Maritime Acadg"

Abstract: The article presents the algorithms development for the operation of a deck crane with a ro-
tary spreader in a serdutomatic mode in order to optimize loading and unloading operations. On the basis
of boom and spreader position calculatigdhg transformation algorithm containers coordinates to refer-
ences of deck crane boom luffing and slewing drives was proved, developed and offered. This provides: the
elimination of the human factor, reducing the time of the technological process, ingrédas operations
efficiency and decreasing the time vessel handling in the port.

Key words deck crane, spreader, container, algorithm, positioning
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Abstract The integrated use of ships of the future (Soymanned vehies, allows us to solve many
practically significant and important problems inherent in the current economic and mifitditical situa-
tion of World. There is an important task that i s
developmen of the security and defense sector of Ukr a
smallsized SOFs, which are designed to perform specific tasks when in military and civilian use. It is be-
lieved that this task is solved either by the purehafsimported SOFs (for civilian use only), or only if there
is sufficient funding for certain areas of research and the creation of military SOFs which will require signif-
icant resources. A conceptual solution is proposed, which significantly reducestheces needed to cre-
ate a dualpurpose (for civil and military use) SOF. This will use a mixture of hardware, including parts of
the power plant, propulsion system, energy management system, dynamic positioning system from commer-
cial vehicles and will 8 modular in its construction. The basis for the construction of individual modules is a
comprehensive automation of all functions, computerization, implementation of group technology, providing
high flexibility. Functionattechnological structure of theutomated module consists of two components:
functional structure (homenclature of assembled parts, their properties, complex operations, organization of
processes, level of Hiestallation, etc.) and technological structure (control technology, techna@béga-
tures, hierarchy of components, etc.). Central in modular technological processeanstabation, which is
the basis of their efficiency.

Keywords:ships of the future, control algorithms, power plant, propulsion induction electric motor,
frequerty converter, formalization of the physical model, computational fluid dynamics
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1. Introduction

Research marine and industrial technologies and innovations provides an op-
portunity to identify the most significant features of such vessels, adoptingnbest
class solubns that will significantly improve economic results, reliability, opera-
tional safety and environmental protection.

The complex use of diesels with electronic injection, brushless generators,
electric propulsion systems theoretically allow the creatioshops of the future
with high-precision dynamic stabilization at any geographical position in severe hy-
drometeorological conditions. This is a prerequisite for SOF systems and is in fact
no different to the requirements for weapons. The processes of exféoijgnt en-
ergy transfer in the power plants of SOF with combined propulsion complexes
(CPC) are not usually studied [31]. The power plant for ships of the future (PPSoF),
created for specific types of vehicles with Dynamic Positioning (DP) systems, have
special requirements for energy consumption and energy efficiency. The multifunc-
tional capabilities of DP vessels can be used only to a limited extent, because their
efficient operation requires power that significantly exceeds that of modern PPSOFs
with no DP systems. The conceptual development of the PPSOF of such vessels
with DP is important in the creation of specialized CPCs, the use of special types of
electric drives, the use of specialized energy sources and controls.

On the other hand, such a velsshould be part of a single integral decision
support system. It should be created on the basis of combining all onboard devices
and systems into a single integral system.

The rationale for the expediency of this approach to the design of ships of the
future is the complex, muHevel nature of technological processes and objects that
are in constant development. These processes and objects require a systematic sci-
entific approach based on the theory of control and forecasting of nonlinear, multi-
level processes.

Remote diagnostics will become an essential feature of the ships of the future.
This will increase vessel safety and reduce costs by simplifying remote maintenance
of all devices connected to fully integrated navigation, energy management and
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safday systems. Oiline, with early access, it is easy to make small changes that will
help prevent major problems in the future. A necessary condition for the successful
operation of the projects under consideration is the fault tolerance of automation
systens.

More information means a better transition to a higher level of control and
more efficient service planning, which reduces the need for the presence of service
engineers on the ship or reduces the call time, iffaBy34]

Achieving a balance betwedimgh precision dynamic positioning by the vessel
whilst maintaining energy efficiency and stability of the PPSOF CPC can be prob-
lematic. However, there is a contradiction and demand of practm@chieve max-
imum energy efficiency while maintaining thdjectives of safety, ecology and,
most importantlyi the implementation of the main technological task of a SOF.
Even the preliminary analysis [4, 6, 14, 16, 18] shows that the use of special con-
trols and modified CPCs will lead to at least a 30% increéadbe efficiency of
power conversion from energy sources to propellers. But this problem is not solved
by methods of almost uncontrolled counteraction of the force of the propeller thrust
due to the coordinated counterbalance to external perturbation.

The authors analyzed the recommendations for assessing the characteristics of
the CPC PPSOF: calculating the power of the engines and determining their type,
completing the propulsion complexes of various types. These data were obtained on
the basis of empical experience in design and operation, as well as statistical pro-
cessing of information about ships of the future (private jstatk company
"Chernomorsudnoproekt”, Ukraine) [19].

Analysis of the current state of research, approaches and methodolo@¥[23
27, 30], solving problems of improving the efficiency of vessels with DP, PPSOF
CPC for various purposes (international concerns Wartsila, Danfoss) do not allow
us to confidently declare a solution to the problem of reducing efficiency and in-
creasingfailures during normal operation of vessels and in the modes of the DP.
The generalization of the results of studies of the performance characteristics of
ships of the future with CPC and DP system, performed by different authors [4, 23,
26, 27, 31], andheir methods do not allow us, with sufficient accuracy sufficient
accuracy to perform calculations of running and dynamic qualities of ships of the
future for different purposes. Model and field tests of propellers, empirical methods
for determining thea@sistance, as well as the calculation and design of engines of
various types, cause complex, unresolved issues of interaction of propellers with the
hull [14, 16, 23].

An SOF is a free is a freffoating object with six degrees of freedonthree
linear maovements and three rotations about the spatial axes coordinate systems. All
spatial evolutions of SOF in the aquatic environment can be reduced to two main
modes of movemerit global movement from the initial position to the object and
local maneuvering ovehe object. If in in the first mode, translational and relatively
rectilinear movements prevail, in the second there are no preferred movements. In
all six coordinates, the SOF moves equally and there is no advantage of any coordi-
nate. The SOF as a fréleating body perceives numerous power disturbances from
www.femire.onma.edu.ua 87
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the environment and operating equipment. Since the vector disturbances are diffi-
cult to predict, it is almost impossible to hold position of the SOF with one propel-
ler, even with a perfect DP systeWhat is needed is a dynamic positioning system
that works in synergy with a mugropellers CPC, without which SOFs become
observation cameras with extremely limited mission capabilities.

Hydrometeorological factors and uncertainties related to theohmeavigation,
season, fuel prices, oil, crew consistency, etc. have the significant impact on the ef-
ficiency of DP systems, their PPSOF and CPC. Thus [4, 18, 23, 30, 31]:

I the issues of substantiation of the type, determination of the optimal (ration-
al) architecture and main characteristics of the CPC in the implementation of PPSOF
projects are not given enough attention, and most existing methods of assessing the
effectiveness of PPSOF are used outside the systematic approach to design and con
sequently daot always meet modern requirements [4, 18, 31];

I the promising direction in the implementation of work related to improving
the efficiency of DP, PPSOF and CPC systems is the use of modern simulation envi-
ronments and CAD/CAM/CAEystems, which allows us tanalyse random factors
and dynamics of the environment for the operation of DP systems [18, 19, 26];

T relevant for SOF and duake are the issues of increasing the reliability and
efficiency of the CPC PPSOF with guaranteed performance of technoltagkalby
the vessel [26, 27, 30];

T insufficiently covered issues related to the automation of work on the design
and technological preparation of production in projects to improve the efficiency of
the CPC PPSOF SOF.

2. Purpose of work

Research has been agad out on the processes of energy processes of energy
saving dynamic positioning, control, conversion and energy transfer in PPSOF CPC
of SOF vessels with improvement of systems, hardware and software, development
of methods of guaranteed performance écal and basic technological tasks of
SOF under the condition of high energy efficiency of functioning of their PPSOF of
the CPC working in various difficult operational modes.

3. Contents and results of the research

The authors proposed improved methodsl algorithms for monitoring and
control of the moment of the CPC PPSOF
from 10.08.2015, 107006 from 03.06.20
struction the synergistic structure of the control system-[73,815, 20, 25], theoreti-
cally allow us to solve the problem of optimizing the process of controllability of the
DP system while increasing the efficiency of power transmission to the propellers,
increasing reliability and expanding functionality, in particuilaual purpose vessels
(civilian and military).Advanced control algorithms [7, 8, 10, 12, 15, 25] allow this
to be achieved, based on the application of independent input load characteristics, to
generate propeller torques, implement the necessary tseimgnals taking the loca-
tion of active thrusts relative to the hull, quickly reconfigure environmentally de-
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pendent parameters. Using the results of similar of similar research [29], dependences
of crossing of typical situations operational parameters weétained for PPSOF
CPC [9]:

d =0; g =0; j=0; =1,2,...,L;

$k 4,2,..Lip P ,s=1,2,..,S 1)
Y d=1;h.=1;3 = L
wUyg , j=1,2,...,

where:d;, bsand @i auxiliary indicator variables of the iterative process;
pis I s-th sign of the situational factor;
P« T the set of characteristic features of thh Kypical situation factor for the

I-th operating mode identifier;

Ci T set of variables taken into account in the modified task;
Cii an average set of typical situational factors for which @

Based on the obtained dependences [9, 20], the authors alepday¢he re-
duced (1:50) physical model of the multifunctional propulsion configuration with a
DP system (Fig. 1), which will help prove the effectiveness of the proposed solutions.
At the level of technical implementation, in the links of orientaticayikzation, nav-
igation and control, the authors introduce such elements asv&liel gyroscopes
and piezoelectric transducers, which, in contrast to traditionally used devices in DP
systems, can independently measure angles and sp&édl9, 20].

\1 V2 3 & 5

Figureli Physical modeling of a multifunctional propulsion complexeissieering device of the
CRP system; 2 the main electric motor of the CRP systenii; &t steering device; # steering
device with two degrees of freedomi funnel steering device

The study of the principles of synthesis and operation of DP systems equipped
with CPCs reveals the widespread use of typical-&ibBtrollers in different circuits
of the control system, despite the significant shortcomingse complexity of pa-
rameterzation, noise sensitivity, unreasonable energy consumption and others [1, 3,
5, 17].

There is no open access analysis of SOF. It is known [4, 30] that in some DPS1
systems (according to the classification of the American Bureau of Shipping, ABS) it
Is possble to "shut down" the main and auxiliary engines, thrustard the vessel
will keep a position even in difficult weather conditions. Sometimes [14] the opera-
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tion of ships of the future with DP systems (DPS2), where there is a global satellite
navigation system (GNSS) with a FanBeam device and a working autopilot, is re-

duced to the operation of the algorithm DPS1. On sihtbe-art beta versions of K

POS systems (Kongsberg proprietary system) [6, 23, 27], the ships of the future will
be very difficultto steer in some situations. Increasing the speed of the DP system
gives significant technological advantages, but the energy efficiency of such DP sys-
tems is very questionable [4, 14, 18].

Assuming that the service requests of the system's DP sensora Rais&son
nature of the flow of requests and the laws of service, then the flow of events in the
DP system must have three properties: normal, no effect and stationary, and obey the
law of Poisson's propagation [9, 20]:

ROF (&) (2)
where:Py(U ) the probability of occurrence of n homogeneous events in the time in-
terval U;

a1 the constant positive number that defines the average number of events
per unit of time.

Thus, the solution of the problem of improving the energy efficiarfic§OF
with DP: a) providing the necessary, technologically determined, positioning accura-
cy (for example, to ensure the operation of guidance systems); b) taking into account
the action of external disturbances in the open sea, is relevant, has psigtidal
cance and is not conceptually resolved.

Improving the accuracy of dynamic positioning systems of special ships of the
future allows us to use them for SOFs, which can be done through the simultaneous
use of energy efficient management methods pgpastruction the special structure
of PPSOF and CPC, b) using a reale model in the control loop, ¢) appropriate
corrective actions by means of the forecast analysis of mutual influence of operation-
al parameters of separate elements of PPSOF and CPC.

For example, for these DP systems according to formulas (1) and (2), many typical
situational factors will have intersections, which affects the adjustment of the corre-
sponding coefficients of PHbegulators, ie [22, 24]:

w,Nyg=1T, k 1, (3)
i=1,2,...,.L;k, |
where:t; i-the set of situational factors of the operating modle; the subse#;, &k =
1, 2, ..., L, relevant to typical situational factors. All current situations are evaluated
for belonging to a particulasetua -k = 1, 2, ..., L, and the task is replaced by the task
equivalent to the typical situatian;—

According to the results of research, the following are determined: a) criteria
for assessing the quality of power transmission from energy sotrga®pulsion
systems in the CPC PPSOF in different operating conditions; b) methods for forecast-
ing excess power consumption during changes in the operational regime-asdual
vessels; c¢) criteria for assessing the derivation efficiency of CPC engioedear to
improve the energy performance of PPSOF and to develop a methodology for match-
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ing the characteristics of motors of CPC for the projected analysis of power conver-
sion processes in PPSOF.

In particular,taking to formulas (1) and (3), for the sétsituational factorst;—
of the operating mode, we define the corresponding intersections fork =1, 2, ..., L, s
=1, 2, ..., S. Indicator variables of the iterative processés dnd achange arbitrar-
ily within the set of characteristic featuresthe ki the typical situational factor for
the rth identifier of the operational mode Fig. 2). The set of variables of the mod-
ified problem is an intersecting set of typical situational factors for whjitta

From the fig. 2, we can concludieat the determination of the valuetthe
probabilistic coefficients of the disturbing factors applied to dynamic positioning sys-
tems and the formation of the configuration matrix of the compensating forces with
the determination of the place of apptioa is possible based on the corresponding
identification factors. Obtaining correction factors affecting the components of forces
and moments proportional to the size of the model and the real object tied to the orig-
inal geometry is possible by formalmg physical models with the means of identify-
ing disturbing factors on the line of the compensating element.

Diagram 1 Crossings factors Ckj

Figure21 The intersections of the set of situational factekgof the operational
mode fork=1,2,...,L,s=1,2,...,S

Mathematical models have been developed: a) power transfer in the CPC
PPSOF of different types, which will allow us to assess theggnefficiency and
quality of processes in the DP of ships of the future equipped with different types of
electric motors and propulsion and choose the most efficient solution; b) PPSOF of
the CPC, taking random factors, which are caused, firstly, by chamgjee operating
modes of PPSOF and which directly affect the CPC, and secondly, by changes in the
environment that affects the CPC, and indirectly the PPSOF. This allows you to justi-
fy the type and main characteristics of the PPSOF.
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Diagram 2 Spectral characteristics

0.6
0.54 P.(z):
0.4

0.2+
0.1

M(t)

0
Figure31 Mathemaical expectation of the situational factor that will cause the system
to exit from the stable state.

The developed methods are: a) prediction of possible operational reduction of
efficiency of functioning of motors of PPSOF and motors of CPC of theyStera
with allowing for more perfect positioning; b) structural and parametric identification
of PPSOF and CPC based on the results of operational observations using DMI (Data
Mining Index)models in order to achieve maximum energy efficiency of contcls;
automated design of CPC PPSOF, based on the use of modern CAD/CAM/CAE
systems. According to (2) for the DP of the CPC control system, which is under the
influence of nondeterministic loads, the distribution of the intensity of applications
for perturbaibns following one another with an interval less than the average value of
1/ is shown in Fig. 3 [ 9, 20] . The i n«
icant identification factors of process characteristics in CPC and PPSOF during itera-
tive procedures is proportional to the sample size and does not lead to an increase in
variables and coefficients of regression models. Random values of variable perturb-
ing effects are not correlated, which is evidence of the premise of applying the prin-
ciples ofcomposition of regression models according to the results of experimental
studies.

The following are products and systems that combine to create integrated, cus-
tomized solutions to build the ships of tomorrow [35, 36]:

i full integrated automation based the TIA portal (Totally Integrated Au-
tomation Portal), an effective and proven engineering environment that allows you to
optimally design all automation processes for construction, operation, ship mainte-
nance and innovation;

I complete set of propulsicsystems that optimize the operation of the vessel
throughout its full service life. The systems include, in particular, all elements from
generators to propulsion motors from less than 100 kW to 100 MW;

I smart and reliable sensors for measuring pressurgeiature, flow, level,
humidity, leakage set the standard for accuracy and reliability electric propulsion sys-
tems Blue Drive Plus, an innovative holistic solution presented by SIEMENS;

I for power plants of diesallectric ships, increasing safety, redgcwperat-
ing costs, improving life cycle economics, eliminating environmental problems.
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- power plants with azimuth settings that optimize design flexibility, maneu-
verability and ease of maintenance;

I equipping ships with modern stations for receiving coasetricity while
staying in ports;

I optimizing energy management solutions can improve the energy efficiency
and productivity of ships with savings of up to 40%. The technology creates seamless
connections between all systems, including auxiliary syssmhk as heating, cool-
ing, lighting and shutter control, and low voltage distribution.

4. Conclusions and recommendations

1. Using a modified direct torque controller such as Direct Torque Control or a
vector speed controllers [24] (for example, Vector Orie@mtrol) and the like, the
models of which are presented in [23, 26, 27, 30], do not allow us to correlate the co-
ordinates of the electric drives of the CPC in accordance with the operating mode.
Due to the lack of appropriate elements in the structurthede systems, smooth
switching of positioning modes is possible. Therefore we can conclude that the re-
sults obtained by these authors during their modelling is very unique.

2. Further research is planned to compensate for the reduction and change in
direction of thrust of the propellers due to the interaction of the flow from the rudders
with the hull, the impact of the propulsion flow from one engine on the neighbouring
one, the Coanda effect, for which the authors are developing the physical model of
CPC wth microcontroller control system [28].

3. The expected results are consistent with the requirements of the International
Maritime Classification Organizations to the CPC PPSOF of vessels operating for DP
modes. The results of the work can be used in th@uesid construction of main
and auxiliary PPSOF and control systems of modern autonomous ships of the future.
The use of the results of the study aims to fully create opportunities for solving prob-
lems to achieve improvements in reliability, efficiency;sgy of the CPC PPSOF,
and the implementation of special tasks for the world fleet [2, 18].

4. The social and economic effect of the implementation of the survey results
will exceed the costs, as the expected results are aimed at solving the main problems
of Ukrainel providing the state with energy resources and improving its defense ca-
pabilities.

Thus, as a result of the optimization of the components of energy flows, it will
be possible to obtain significant advantages and real benefits throughoutitee en
life of the vessel, name[B82]:

1) increase adaptability to future technologies;

2) optimize environmental compatibility;

3) increase the efficiency of all onboard technological processes;

4) reduce the number of installed elements and minimize skeoll control

equipment;

5) make more informed operational decisions;

6) reduce fuel consumption;

7) improve reliability and safety;
www.femire.onma.edu.ua 93
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8) reduce overall engineering costs;

9) simplify maintenance.

Well-tuned software, planning and system integration alloavrtiodern vessel
to function as a whole to successfully navigate the vessel from concept to handover
and finally to the end of successful operation.
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DEVELOPMENT OF AC PROPULSION ELECTRICAL SYSTEM WITH
CYCLOCONVERTER OF SPECIAL PURPOSE VESSEL

V. Petrushin, Dr. of Science, Professor
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AbstractThe usage of an AC propulsion@igc unit with a cycloconverter in a special purpose vessel
is considered. Several variants of reduction gear and without reduction gear installation are analyzed. The
option that has the best technical and economic indicators is chosen.
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ENERGY EFFICIENCY OF VESSELS AND QUALITY OF ELECTRICITY
IN SHIP ELECTRIC POWER SYSTEM
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Abstract: The main directions of ensuring energy efficiency and qualisieasftricity in ship power
plants with powerful semiconductor converters are considered, methods and means of their realization are
offered.

Keywords:energy efficiency, semiconductor converters, power quality.
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IMPROVING THE QUALITY PARAMETERS OF SHI P6S POWER NETWORK
NONLINEAR LOAD BY USING AN ACTIVE HARMONIC FILTER

Alla Drankova, PhD,&s.Professor
Igor Krasovskyi, PhD student
Andrii Semeniuk, master
Nati onal University ¢Odessa Mariti me

Abstract: Based on the presence ofjher harmonics of voltage and current in the power grid, the
article discusses ways to improve the quality indicators of a ship power grid with a nonlineaf lead.
analysis of the power quality indicators of the power grid was carried out using thecaanpu model s " S
power grid-Nonl i near | oad" a-rAdive"h@rhonip fiter Ngnimeaeload" greaied in
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the MATLAB environment. Showed that the model using an active harmonic filter (AFG) allowed to reduce
the total harmonic distortiomHD of voltage and current to the norms that are determined by marine stand-
ards.

Keywordspower qual ity i ndi c a-linearlsad, hanmonipds®rtiop, pagsve gr i
harmonic filter, active harmonic filter, total harmonic distortion (THD
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SEARCHING AND TROUBLESHOOTING ALGORITHM S OF "ELECTRICAL NOISE"
IN MAIN ENGINE's ELECTRONICAL CONTROL SYSTEM

S.Dudko, Senior lecturer
V. Dubovik, Senior lecturer
National University "Odesa Maritime Academy"
[ . Rak, Ph.D., Associate Professor
Donetsk National Technical University

Abstract. This article is interesting for ship ETOs and Chief Engineers who work on ships that use
electronically controlled engines manufactured by MAN B&W. During the operation of engines, their con-
trol systems periodically generate alarms associated with the presdgnelectrical noise", which leads to
incorrect operation of both the control system itself and the power plant as a whole. The techniques dis-
cussed in this article are help to facilitate the search, localization and troubleshooting.

Keywords.Engines wih electronic control system. Electrical noise. Counter of impulses of noise.
Isometer.
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METHODS FOR CONSTRUCTING MATHEMATICAL MODELS OF HYDRODYNAMIC
FORCES ON THE SHI POS HULL
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National UniversitycOdesa Maritime Acadengy

Abstract: To build mathematical models of hydrodynamic forces on the hull, it is proposed to use mul-
tifactor regression analysidAs factors (regressors), various dimensionless ratios of the geometric parame-
ters of the vessel, such as length, width, draft, and bloeKicient are taken. When choosing these regres-
sion models, the values of the normalizedgRared and the value of standard errors were estimated. The
significance of the models and the significance of all factors (regressors) included in the modas-were
sessed using Fisher's and Student's tests.

Keywords planar motion of a ship, hydrodynamic forces, hydrodynamic characteristics, hydrody-
namic constants
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MATHEMATICAL MODEL OF THE TEMPERATURE MODE OF MARINE DIESEL
GENERATOR PLANTS BASED ON RADIAL -BASIC NEURAL NETWORK

|. Hvozdeva, Dr. of Science, Professor
V. Myrhorod , Dr. of Science, Associate Professor
A. Demirov, Master Student
Nati onal University e&¢Odessa Mariti me

Abstract: An approach to the construction of a mathematical model of the temperature mode of ma-
rine diesel generator sets is proposed and substantiated. Statistical data characterizing the technical condi-
tion of ship diesel generator sets in real operating conditions were collected and systematized. A regression
model of the temperature mode of a marine diesel generator set has been developed and its computer imple-
mentation has been carried out. The obtainesuits make it possible to reduce the level of residual errors
and, thereby, to increase the reliability of the diagnostic conclusions of automated monitoring and diagnos-
tic systems.

Key words diagnostic parameter, diesel generator set, statistical dagression model
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Abstract. The use of higlvoltage frequency converters is one of the most promising areas in modern
high-power electric drives. Among such converters due to the increased reliability, preservation of working
capacity at damage of one or several power modules, a possibility of fast repair thanks to a modular design
the multilevel cascade inverters withliHdges become the most widespread. The paper analyzes the method
of balancing linear voltages and finds the conditions for the most efficient use of-spat@ modulation,
which provides an increase in the voltage of the first harmonic at a limiteatyeadf the power supply.
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MATHEMATICAL SIMULATION OF CONTACT INTERACTION DURING TORSION
OSCILLATIONS

V. Popoy, Dr. of ScienceProfessor
O. Kyrylova, PhD, Associate Professor
Nati onal University ¢Odessa Mariti me

A mathematical model of contact interaction of a finite elastic cylinder conjugated with an elastic
half-space has been created. Torsional vibrations occuhéncylinder and hal§pace due to the torsional
load acting on the cylinder from a rigid plate attached to it. Solving the original boundary value problem
leads to a singular equation for the function associated with stresses in the contact zone.deuraios, a
numerical method has been created that takes into account the real feature of the solution and is based on
special quadrature formulas for singular integrals.
Keywords elasticcylinder, torsional oscillations, fixedingularities,singular integral equations
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FUNDAMENTAL SOLUTIONS FOR A PIECE-HOMOGENEOUS TRANSVERSAL -
ISOTROPIC SPACE

O. Krywyi, Dr. of Science, Professor
National UniversitycOdesa Maritime Acadendy
Yu. Morozov, Candidate oScience Associate professor
Odesa National Polytechnic University

Abstract: Explicit expressions for the components of the fundamental solution vector areedbtsn
well as simple representations for the components of the stress tensor and the displacement vector in the
connection plane of transversely isotropic kegfices, which are under the action of concentrated normal
and tangential forces. The fieldssifesses and displacements in the plane of thespalfes compound are
investigated. In particular, for some combinations of materials, numerical values of the coefficients of the
influence of concentrated forces on stresses and displacements are doeerthé conditions are estab-
lished under which there are no normal displacements in the plane of connection of transversely isotropic
spaces.
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Abstract: The problem about the determirati of stress state in the vicinity of the tunnel rigid
inclusion of the shape &f segments broken linghe plane harmonic waves of the longitudinal shift is prop-
agating in the unlimited medium with this inclusidime problem is reduced to solving a systof singular
integral equations with fixed singularities. For the approximate solution of this system a numerical method is
applied. It takes into account the true asymptotics of unknown functions and uses special quadrature
formulas for singular integria.

Keywords rigid inclusion, harmonic waves of the longitudinal shiftingular integral equations,
fixed singularities.
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National University "Odesa Maritime Academy"

Abstract:the problem of determination the dynamic SIF is solved for crack and inclusion, which begin
of one point. The inclusion is located in an unbounded elastic body, undemitigdans of deformation of
the longitudinal shear, where harmonic oscillations occur due to the shear force applied to the inclusion. The
original problem is reduced to the system of two singular intdidferential equations with the fixed singu-
larity. The numerical method of this system solving which considers real asymptotic unknown function and
special quadrature formulas for singular integrals is proposed.

Key-words stress intensity factors (SIF), singular integlifferential equations, harmonicsoillation,
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FEATURES OF MATHEMATICAL MODELS OF THE PROCESS OF VIBRATION
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Abstract: The pocess of destruction of plant raw materials is considered from the position of fractal
geometry as the formation of a fractiordimensional layer. The article proposes formulas for calculating
the specific energy saturation and specific surface areadi$gersed system using the concepts of fractal
geometry.
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dimension.
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FEATURES OF FUNCTIONING AND DEVELOPMENT OF AN ALGORITHM
FOR MODELING VALVE -INDUCTOR ELECTRIC DRIVES OF SHIP
MECHANISMS AND SYSTEMS

D. I. Vasilets, Lecturer
G. V. Naleva Ph.D., Docent
O. A. Onishchenkq Dr.Tech.Sc., Professor
National Universiy "Odessa Maritime Academy"

Abstract. The aim of the article is to improve the mathematical model ofalveinductor motor on
the basis of which simulation models of automated electric drives of various promising ship mechanisms and
systems are builfThe use of an advanced mathematical model allows to study the behavior of the control
system of ship mechanisms when the load omtitershaft, supply voltage and other parameters, to calcu-
late the dynamic, mechanical and energy characteristics ofi¢latrie drive.

Keywords:valveinductor motor, electric drive, shipechanisms and systemsodeling, control sys-
tem.
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