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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.
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IMPROVEMENT OF THE OPTICAL MEASUREMENT SYSTEM OF THE ELECTRICAL
MACHINES ROTOR ANGULAR POSITION
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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 T, of the electric machine rotor. The laser reading system generates electrical
impulses, with which the rotation period 7, 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 «m"®*» revolutions period (7,,) of a three-phase generator fi.
3(""Gener*",,.3) and, accordingly, driving diesel unit f(Drive’"*,*®), is described by the graphic-
analytical model shown in Fig. 2. The process of forming the information sector «Information sector
(T®)» for the activation of optlcal information arguments (Ahv;"®™®) of the revolutions period
«@®" of the rotor «Rotor™ ™ piyve» is done by the aux111ary disk f,("™*™Disk",,)), on which continuous
optical radiation is directed (hv), emitted by a LED fj(n-p™). Optical radiation reflected from the disk
has a discrete nature of information arguments (Ahv;"™™®), and is received by a semiconductor
structure — a photodiode f;(*™n-p). Further, information arguments of Voltage are formed [™AU™*™]
and applied to the first input port f;(‘Port) of the microcontroller fl(Core %). To the second input port
fz(iPort) of the microcontroller the reference voltage is applied [AUJ olret to form at the port output
fi(Port") corrective signal [AU;™",*"].

This signal controls the stepper motor (or DC motor) fi(Drive ) to change the position of the
fuel rail of the diesel, and, accordingly, the moment (Mom"®°'1®,,,,) on the drive engine shaft— diesel
unit f;(Drive™ ™ 1 10).

As a functional structure of disk fl(I“f"rmDiskTm) in this case, it is proposed to use a laser disk
f,(“"Disk™™,), on the surface of which there is optical information [™AU;"™™ "] =[AU;" o]t
written in advance 1n one information sector «'Information sector (T®)» or several consecutive
information sectors «' “Information sectors (T®)» [UJ(T), ["UI(T %) i [TU(TOS),
which corresponds to the voltage information arguments of the rotor «Rotor “"“pve» revolutions
reference period «T”». Writing the optical information arguments of the reference period «Tyep» in the

Step [0}
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consecutive information sectors « “Information sectors (T®)» [+Uj;(T“’tse°t°r1), [U (T )
i [+Uj](T°°tse°t°r3) on the surface of the laser disk fi("**Disk®morm o’ ) is done inside the
sector 120°, and on its boundary optical information arguments are written, which correspond to
information about the phases «@», «@» and «@3» of the voltage arguments in the three-phase
generator fl_g(TorGeneriU(pl_g). 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.

TEEED-. o) T

TS T T

o« *Information sector (T®) — fj(Axis® Rotor™)» |

by ]>
: ...___1:,_,_,“5_(,_,-
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Fe ) fieph)

Fig. 2. Graphic-analytical model of the measuring process
of the generator rotor revolutions period and its angular position
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Fig. 3. Graphic-analytical model of the process of controlling the diesel engine speed

By means of the latch contact structure £1(Fix“°™) the laser disk f;(**Disk®mform o) is mounted
on the rotor f(Axis®rotor) of the drive f(Drive™" ) or the generator f1_3(T0rGen€I'iU(P1_3) for co-
rotation. At the same time, the functional semiconductor structure fl(n—pThV) of optical radiation ("hv)
(LED) and functional semiconductor structure f;(*™n-p) of optical radiation reception (photodiode), at
the output of which the structure of informational arguments is formed [Ahv;"™™“], located on one
side of the laser disc f;(**"Disk™°™,) opposite one of the information sectors «'>Information sectors
(T®)» to activate the structure of voltage informational arguments [™AU™®™].

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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Po3B’si3ana 3amava onrTumizaiii CHCTEMH KEpPyBaHHS EJIEKTPONPHBOJA IO IIBHAKOMII 3a
JIOTIOMOTOI0 HEJIHIHOr0 KOPEKTYIoUoro MpHUCTpolo. BuxigHa cuctema Mae JiHIMHY 4YacTHHY 3
nepeaaBagbHO0 (DYHKIIEIO JOPyroro MOPSAKY Ta HENHIMHUN peleHnii enemeHT. Pesynmpratn
PO3paxyHKiB IpeACTaBiIeHl y BUI rpadikis.

Kiro4oBi cjioBa: KpuTepii ONTUMAIBLHOCTI, PEJIICWHHUA €IeMEHT, HENHINHUN TepeTBOpIOBaY,
MOKa3HUKH SIKOCTI KEpyBaHHs, CTYIiHb OJM3bKOCTI 10 ONTUMAJIBHOTO, PETYJISATOP, aMIUTITy1a CUTHAITY,
cTajia Jacy.

3arajqpHOIO BJIACTUBICTIO ONTHUMAJIBHUX CHCTEM € 3[aTHICTh 3a0e3redyBaTH HalWKpalry sSKIiCTh 3
ypaxyBaHHSM pEaJbHO HASBHOTO B CHCTeMi OOMEXyBaua pecypciB KepyBaHHS: CIIOKHBAHOI
MOTYKHOCTI, Kepyrodoi Hampyrd 1 T.. [1,2]. Kpurepiii onTuManbHOCTI 3ala€TbCs y BUIIII
(dbyHKIIOHATTY :

T
J = jF(xl yee X U Uy, E)dE
0

ne T - yac kepyBaHHS; Xj. . . Xn - (pa30B1 KOOPAMHATH CHCTEMHU; Uj...U; — KEPYyIOUdl Ha BXOAl
HEI3MIHHOI YaCTUHU CUCTeMH (00'€KTa KepyBaHHS).

3aBaHHSM CHHTE3y OINTHUMAJbHOIO KEpyBaHHSA € BIAUIYKaHHS BEKTOpa KepyBaHHA U 3
KOMIIOHEHTaMH U;...U;, SIKHH 3a0e3nedye ekcTpeMyM QyHKUioHaTy. [Ipu mboMy BEKTOp U MOBHHEH
HaJexaTu oOMekeHHIM obmacti (), HOMyCTUMUX KepyBaHb. Y TEOPETHUHOMY IUIaHI AJS LIMPOKOTO
KJIaCy CHICTEM IIs 33aJjaua YCIIIIHO BUPIIIYETHCS 32 TOTIOMOTOI0 IPUHITUITY Makcumymy [1].
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