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STRUCTURAL-FUNCTIONAL MODEL OF A PROACTIVE
CONTROL SYSTEM FOR A SHIP SYNCHRONOUS GENERATOR

CTPYKTYPHO-®@YHKIIOHAJIBHA MOJEJIb CUCTEMHU
YHEPE’)KYIOUOI'O KEPYBAHHA CYJHOBUM
CUHXPOHHUM 'EHEPATOPOM

Ushkarenko O. O. Yuikapenko O. O.

Doctor of Engineering Sciences, 00KMOp mexniuHux HaykK, npogecop,
Professor, npogecop rxagedpu npoecpamosanoi
Professor at the Department eleKMPOHIKU,
of Programmable Electronics, eNeKMPOMexXHIKU | MmeNeKOMYHIKayill
Electrotechnics Hayionanvhuii ynisepcumem
and Telecommunications, KOpabae6yoyeanHs
Admiral Makarov National University imeni aomipana Makapoea

of Shipbuilding M. Muxonais, Ykpaina
Mykolaiv, Ukraine

Direct starting of induction motors in ship electric power systems can
have several negative consequences for both the motors [1, p. 1674; 2, p. 63]
and other consumers. This direct starting process notably causes significant
voltage dips in the ship's network [3, p. 262]. If the magnitude and duration
of these voltage dips exceed the thresholds set by protection systems, it can
trigger these systems and lead to the power plant [4, p. 968] shutting down,
as the situation might be mistakenly identified as a short circuit.

A detailed analysis of the direct starting process of induction motors,
based on simulations, was conducted in [5, p. 144]. However, the results
from [5, p. 147] focus on the starting of unloaded induction motors and do
not address the impact on the electric power source. In ship electric power
systems with limited generated power, direct starting of the motor causes
substantial voltage dips, adversely affecting other consumers connected to
the network. On ships and drilling platforms, induction motors are often
used in pumps, and their power frequently matches that of the generators. To
reduce voltage dips during the direct starting of induction motors, special
soft starter systems are employed.
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To reduce the magnitude of voltage dips, a method of proactive changing
the excitation voltage of ship synchronous generator “U,;.3(wt)ex and output
energy argument of voltage “U,,.ssin(ot)oy Of ship synchronous generator

Power +Aw

when connecting an induction drive f,(Drive™" ;**) to it is proposed.
The functional structure of the main drive fy(Drive™"®,***) corresponds
to the mathematical model shown in Fig. 1.

(ot

5 Power SAGY-,
Drive ®

f1(Cont?*) = f;(Rotor1"e) —
i‘P”Um—> fy(StatorPrive) }
Fig. 1

On the contact system structure f,(Cont®"®) of the rotor f;(Rotor”"?)
?ositive and conditionally negative energy arguments of voltage |*|*"
U(wt)| are supplied. On the functional structure of the stator f,(Stator®"*)
the energy arguments of voltages “*'U;, of three phases (“¢y.5) are supplied,
as a result of which the drive activates the torque energy argument (Mom®,),
which, in accordance with the mathematical model shown in Fig. 2 is fed to
the rotor f,(Rotor®™) of the generator f;(Gener") to activate the output
energy voltage argument “U,,;_ssin(wt)o, and excitation voltage tUgl)1.3(mt)ex.

Mom“’l Y= £, (RotorGener)

}fl (DﬁV ePowermiAm)

n—> fy(StatorPrive)
IS f1(StatorGener)

Tre ( (Dt)ex e

Fig. 2

It is shown in [6] that the current load of the electric power plant may be
represented as one equivalent active-inductive load. In the considered model
such load is represented as functional structure f,(L_R.).

Using the functional structure f;(Core™®) of the microcontroller core, at
the output port f,(Port’) and at the output port fs(Port’) there are energy
arguments for the voltage **'U;, of three phases (“¢..) to change the speed
f,(Drive™"* *A*) and at the output port f,(Port") the start signal |(*Start), is
activated, which is supplied to the first inputs of the functional structure of
the «Three phase breaker» fi[&j;]-1 for connecting energy voltage arguments
“U,1.38in(ot)o, OF the generator fy(Gener”) to external load f,(L_R.). In this
case, the structure of information arguments of voltages [U;]r is supplied to
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the input port f,(*Port) of the functional structure f;(Core™®) of the
microcontroller core, which corresponds to the required period «T“» of the
drive rotor revolutions f,(Drive™",***), and to the input port f,(‘Port) of the
functional structure f,(Core™®) of the microcontroller core is represented by
an information pulse sequence of voltage [Uo. "], which corresponds to
the current value «T(t)» of the rotation period of the drive rotor
fl(DrivePowermiAm).

The axis of the functional structure of the rotor is fixed with the axis of
the laser disk f,(“**'Disk®ntorm) With semiconductor structures of the optical
radiation source f,(n-p',,) and the optical radiation receiver f,(*,,n-p) to
activate information arguments [Uqy ",?]1, which using the functional
structure fy(Core™©) of the microcontroller core in accordance with the
mathematical model in Fig. 3 are supplied to the input port f5(*Port)to adjust
the voltage control arguments i""'3Uct,.T.

«Three phase breaker»

Fig. 3

In this case, the functional connections of the drive f;(Drive™"* ),
asynchronous drive f,(Drive™®,***) and the functional structure of the
generator fi(Gener") are performed in accordance with the mathematical

@ H
f,( StatorPrive) (Mom®g,,,,) fi(statorGener).:

TU . ]

fi(Rotor9en=r) = f) (GenerV)

}—{_ | ;1_3sin(o)tj;qt_:;
L(1start) = T
£3(RotorD) = fi(DrivePOWer, +40) = £(StatorDFi*e)
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It should be noted that the system also uses the functional structure of the
disk of rotation f;(Disk”) with information about the rotation period «T“» of
the drive rotor f1(DriveP°Wer “A2) and semiconductor structures of the optical
radiation source f,(n-p',,) and the optical radiation receiver fy(*,,n-p). In this
case, the rotation disk f1(Diskw) of the drive f;(Drive™"*,***) is made in the
form of a functional structure of a laser disk fi(***Disk®om') With written
optical information «Inform» about the rotation period «T*®», and is fixed on
the functional structure of the rotor f,(Rotor") of drive fl(DrlveP°Wer Aoy,
In this model, the input arguments are formed in accordance with the
analytical expression in Fig. 5.

[Uour 10011 = fy(“Por) i fu(Port!) Bt
) = fa(iPorr)} i MEYs = £ (Port!) = (IStal't)T
f.',..‘;j;l:UoutiT(t)m _" fE(lPUIT) .f fS(POITT) — =L Wi

Fig. 5

As was shown, in addition to the examined methods for reducing voltage
dips caused by induction motors start and localizing their sources, other
control techniques can be utilized. Using the proposed method of proactive
changlng the excitation voltage “U,,;.3(ot)ex and output energy argument of
voltage “U,,ssin(ot)oy Of @ ship synchronous generator f,(Gener”) when
connecting an asynchronous drive f,(Drive™ *2*) to it potentially reduces
voltage dips.

Bibliography:

1. Joaquin Pedra, Luis Sainz, Felipe Corcoles. Effects of symmetrical
voltage sags on squirrel-cage induction motors. Electric Power Systems
Research. 2017. Vol. 77, No. 12. P. 1672-1680.

2. Jerzy Krygier, Tomasz Zargbski. Selected problems of starting
of submersible induction motors. Przeglgd Elektrotechniczny. 2004. No. 1.
P. 62-65.

3. S. Hardi, [et al.]. Effects of Different VVoltage Sag Types on Induction
Motor. Applied Mechanics and Materials. 2015. No. 793. P. 262-266.

4. Al-Suod Mahmoud M., A. Ushkarenko, O. Dorogan. Monitoring
and Automatic Control for Ship Power Plants Based Logical Algorithms.
International Journal of Advanced Computer Research (IJACR). 2014.
Vol. 4, No. 17. P. 966-972.

5. Asadollah Kazemi, Azah Mohamed, Hussain Shareef, Hadi Zayande-
hroodi. Review of Voltage Sag Source Identification Methods for Power
Quality Diagnosis. Przeglqd Elektrotechniczny. 2013. No. 8. P. 143-149.

54



Riga, the Republic of Latvia October 34, 2024

6. Abdullah Eial Awwad, Mahmoud Al-Soud, O. Ushkarenko, Alaa
Al-Quteimat. Simulation-Based Analysis of Dynamics of Autonomous
Electric Power Systems. Mathematical Modelling of Engineering Problems.
2022. Vol. 9, No. 4. P. 887-896.

55



The project was implemented with the support of

‘ CENTER
for Ukrainian and European
\ Scientific Cooperation

The Center for Ukrainian-European Scientific Cooperation is a non-
governmental organization, which was established in 2010 with a view to
ensuring the development of international science and education in Ukraine by
organizing different scientific events for Ukrainian academic community.

The priority guidelines of the Center for Ukrainian-European Scientific
Cooperation

1. International scientific events in the EU

Assistance to Ukrainian scientists in participating in international scientific
events that take place within the territory of the EU countries, in particular,
participation in academic conferences and internships, elaboration of collective
monographs.

2. Scientific analytical research

Implementation of scientific analytical research aimed at studying best practices
of higher education establishments, research institutions, and subjects of public
administration in the sphere of education and science of the EU countries
towards the organization of educational process and scientific activities, as well
as the state certification of academic staff.

3. International institutions study visits

The organisation of institutional visits for domestic students, postgraduates,
young lecturers and scientists to international and European institutes,
government authorities of the European Union countries.

4. International scientific events in Ukraine with the involvement
of EU speakers

The organisation of academic conferences, trainings, workshops, and round
tables in picturesque Ukrainian cities for domestic scholars with the involvement
of leading scholars, coaches, government leaders of domestic and neighbouring
EU countries as main speakers.

Contacts:

Head Office of the Center for Ukrainian-European Scientific Cooperation:
88000, Uzhhorod, 25, Mytraka str.

+38 (099) 733 42 54

info@cuesc.org.ua

WwWWw.cuesc.org.ua



Modern challenges as an impetus for technical innovations

October 34, 2024

Izdevnieciba “Baltija Publishing”
Valdeku iela 62 — 156, Riga, LV-1058
E-mail: office@baltijapublishing.lv

Iespiests tipografija SIA “Izdevnieciba “Baltija Publishing”
Parakstits iespieSanai: 2024. 7. oktobris
Tiraza 100 eks.



