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AREAS AND FEATURES OF THE USE OF SPECIAL THREE-PHASE TRANSFOR-

MERS WITH THE SPATIAL STRUCTURE OF THE ELECTROMAGNETIC SYSTEM 
Stavynskyi Rostislav, Koval Sergii, Stavynskyi Alexander 
Admiral Makarov National University of Shipbuilding 
  
Abstract. The research question is formulated, which is aimed at solving the urgent problem of 

developing compact three-phase transformers with reduced specific and technological material 
capacity based on non-traditional symmetrical spatial electromagnetic systems. 

Keywords: three-phase transformer, spatial electromagnetic system, small-sized indicators. 
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Abstract. The design feature of the optical control system for measuring the revolutions period 
and the angular position of the electrical machines rotors is considered in the paper. The method of 
structural synthesis and analysis of device models for autonomous electric power plants was used to 
develop graphic-analytical models of the generator's rotor revolutions period and angular position 
measuring process and the diesel engine speed control system.  

Key words: electrical machine, revolution period, optical control, angular position, graphic-
analytical model 

 
Introduction. The innovations in technologies requires an increase in the accuracy of measuring 

various physical quantities. One of the important tasks in the field of ship power industry is to increase 
energy efficiency. In particular, it is shown in [1, p. 3] that the increase in the energy efficiency of the 
ship's electric power system is possible by increasing the accuracy of power sharing between 
generators during their parallel operation. However, one of the load sharing methods that was 
considered in [2, p. 372] requires the measurement of rotation periods and angular positions of 
generator rotors. This puts forward high demands on the accuracy of the revolutions period and 
angular position sensors of the rotors of electrical machines. 

The purpose of the work is to improve a method for optical control of the revolutions period 
and the angular position of the rotors of electrical machines and to develop the design of the sensor for 
these quantities. 
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The device that implements the method of optical control of the electrical machine rotor 
revolutions period and the angular position is shown in Fig. 1. It contains an electric machine 
(synchronous generator) 1 with a rotor 2, a laser disk 3 with information sectors 4, a laser reading 
system 5. The laser reading system is fixed on one side of the spring 6 on a round plate 7 with an axial 
rod 8 and two consecutive bearings mounted in a stationary frame 10. On the other side of the spring, 
an elastic round rubber plate 11 with an increased coefficient of friction is fixed, which is in contact 
with the end surface of the electric machine rotor. 

 
Fig. 1. The structure of the system for measuring the revolutions period  

and the angular position of an electric machine rotor 
 
Since the spring, which is functionally connected to the laser disk by means of an elastic  

round rubber plate, directly contacts the end of the rotor of the electric machine, therefore, the laser 
disk with information sectors monitors the revolutions of the rotor. As a result, the information 
sectors of the laser disk from the moment the electric machine is started unambiguously correspond to 
the rotation period Тω of the electric machine rotor. The laser reading system generates electrical 
impulses, with which the rotation period Тω of the rotor of the electric machine can be measuredd with 
increased accuracy. At the same time, it should be noted that the use of a spring in the device makes it 
possible to exclude the transmission of oscillatory movements of the rotor of the electric machine to 
the laser disk. 

To obtain graphic-analytical models of the electric machine rotor revoultions period and the 
angular position measurement process, and the diesel engine speed control system, the method 
described in [3, p. 319] has been used. The process of generating informational arguments containing 
information about the rotor «ωRotor» revolutions period (Тω) of a three-phase generator f1-

3(
TorGener±U

φ1-3) and, accordingly, driving diesel unit f1(DrivePower
ω

±∆ω), is described by the graphic-
analytical model shown in Fig. 2. The process of forming the information sector «Information sector 
(Tω

t)» for the activation of optical information arguments (Δhνj
Inform

T
ω) of the revolutions period 

«ωRotor» of the rotor «RotorGener
Drive» is done by the auxiliary disk f1(

InformDiskT
ω), on which continuous 

optical radiation is directed (hν), emitted by a LED f1(n-p↑hν). Optical radiation reflected from the disk 
has a discrete nature of information arguments (Δhνj

Inform
T

ω), and is received by a semiconductor 
structure – a photodiode f1(

↓hνn-p). Further, information arguments of voltage are formed [hνΔUInform
T

ω] 
and applied to the first input port f1(

↓Port) of the microcontroller f1(CoreМК). To the second input port 
f2(

↓Port) of the microcontroller the reference voltage is applied [ΔUj
T

ω]ref to form at the port output 
f1(Port↑) corrective signal [ΔUi

±∆T
ω

±∆ω].  
This signal controls the stepper motor (or DC motor) f1(DriveStep

T
ω) to change the position of the 

fuel rail of the diesel, and, accordingly, the moment (MomRotor
T

ω
±∆ω) on the drive engine shaft– diesel 

unit f1(DrivePower
T

ω
±∆ω). 

As a functional structure of disk f1(
InformDiskT

ω) in this case, it is proposed to use a laser disk 
f1(

LaserDiskInform
ω), on the surface of which there is optical information  [hνΔUj

Inform
T

ω]→[ΔUj
T

ω]ref 
written in advance in one information sector «1Information sector (Tω

t)» or several consecutive 
information sectors «1-3Information sectors (Tω

t)» [+Uj](T
ω

t
Sector

1), [+Uj](T
ω

t
Sector

2) і [+Uj](T
ω

t
Sector

3), 
which corresponds to the voltage information arguments of the rotor «RotorGener

Drive» revolutions 
reference period «Tω

t». Writing the optical information arguments of the reference period «Tref» in the 
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consecutive information sectors «1-3Information sectors (Tω
t)» [+Uj](T

ω
t
Sector

1), [+Uj](T
ω

t
Sector

2)  
і [+Uj](T

ω
t
Sector

3) on the surface of the laser disk f1(
LaserDiskω

Inform
±T

ω
φ1-3) is done inside the  

sector 1200, and on its boundary optical information arguments are written, which correspond to 
information about the phases «φ1», «φ2» and «φ3» of the voltage arguments in the three-phase 
generator f1-3(

TorGener±U
φ1-3). The process of measuring the period and the angular position of the 

rotor, their processing by means of the microcontroller and the formation of a control signal for the 
diesel engine fuel rail is shown in Fig. 3. 

 
Fig. 2. Graphic-analytical model of the measuring process  

of the generator rotor revolutions period and its angular position 
 

 
Fig. 3. Graphic-analytical model of the process of controlling the diesel engine speed 

 
By means of the latch contact structure f1(FixCont) the laser disk f1(

LaserDiskω
Inform

±T
ω) is mounted 

on the rotor f1(Axisω
Rotor) of the drive f1(DrivePower

ω
±∆ω) or the generator f1-3(

TorGener±U
φ1-3) for co-

rotation. At the same time, the functional semiconductor structure f1(n-p↑hν) of optical radiation (↑hν) 
(LED) and functional semiconductor structure f1(

↓hνn-p) of optical radiation reception (photodiode), at 
the output of which the structure of informational arguments is formed [Δhνj

Inform
T

ω], located on one 
side of the laser disc f1(

LaserDiskInform
ω) opposite one of the information sectors «1-3Information sectors 

(Tω
t)» to activate the structure of voltage informational arguments [hνΔUInform

T
ω]. 

Conclusions. The novelty of the obtained results consists in improving the method of optical 
control of the revo;utions period and the angular position of the rotors of electrical machines through 
the use of a laser disk with written information sectors on it in the device that implements this method. 
To improve the accuracy of the sensor, the device is mounted using a spring, which reduces the effect 
of the drive motor shaft speed instability on the measurement results. The considered approach and the 
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proposed technical solution can be used to obtain the necessary information in active load  
sharing systems when generators operate in parallel for a common load, precise positioning systems, 
and others. 
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Розв’язана задача оптимізації системи керування електропривода по швидкодії за 

допомогою нелінійного коректуючого пристрою. Вихідна система має лінійну частину з 
передавальною функцією другого порядку та нелінійний релейний елемент. Результати 
розрахунків представлені у виді графіків.   

Ключові слова: критерій оптимальності,  релейний елемент, нелінійний перетворювач, 
показники якості керування, ступінь близькості до оптимального, регулятор, амплітуда сигналу, 
стала часу.  

Загальною властивістю оптимальних систем є здатність забезпечувати найкращу якість з 
урахуванням реально наявного в системі обмежувача ресурсів керування: споживаної 
потужності, керуючої напруги і т.і. [1,2]. Критерій оптимальності задається у вигляді 
функціоналу :  


T

n dttuuxxFJ
0

211 ),,...;,...(
 

де Т - час керування; х1. . .  хn - фазові координати системи; u1...ur – керуючі на вході 
неізмінної частини системи (об'єкта керування).  

Завданням синтезу оптимального керування є відшукання вектора керування u з 
компонентами u1...ur, який забезпечує екстремум функціоналу. При цьому вектор u повинен 
належати обмеженній області Ωu допустимих керувань. У теоретичному плані для широкого 
класу систем ця задача успішно вирішується за допомогою принципу максимуму [1].  


