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THE EXPERIMENTAL INSTALLATION FOR THE STUDY AND RESEARCH OF
ELECTROMECHANICAL SYSTEMS ENERGY-EFFICIENT MODES

A modern variable frequency drive (VFD) is becoming an integral part of ship systems and complexes, where energy-efficient and resource-saving
technologies are widely used. Therefore, the study and research of such electric drives for various applications with a typical load of ship mecha-
nisms is an actual task. This paper presents an experimental setup designed to study and test methods and laws of VFD control, evaluate power qual -
ity indicators and energy-efficient modes of an electromechanical systems operation with a typical ship load. Used unit for measuring parame-ters
(124 parameters) of electricity ME96SS ver. A, through MODBUS® RTU and the corresponding software for data collection, EMU4-SW1 allows
you to display and record data in real time, and then present the results in the form of tables, graphs, etc. FR-Configurator 2 software of parameteri-
zation and adjustment allows to explore the various laws of controlling of ship mechanisms and systems. The typical nature of the loads for the stud -
ied motor for such mechanisms is simulated by a load DC generator, in the anchor circuit of which the steps of the resistors are switched as a function
of speed (speed sensor signal) using a programmable controller. The proposed experimental setup, the available hardware and software testing, com-
missioning and diagnostics tools allow to develop and implement energy-saving technologists in ship's electromechanical systems, improve the meth -
ods of their technical operation based on the analysis of the technical condition. Used experimental research methods, modern energy-saving technol -
ogists are of great importance for the educational process.

Keywords: experimental installation, electromechanical system, study and research of energy-saving modes, variable frequency drive, hard-
ware and software tools.
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EKCIIEPUMEHTAJIBHA YCTAHOBKA /I BUBYEHHA 1 JOC/IIJOKEHHSA
EHEPTOE®EKTUBHUX PEXXUMIB EJIEKTPOMEXAHIYHUX CUCTEM

CyyacHul 4acTOTHO-peryaboBaHuid rpuBog, (YPII) cTae HeBii'eMHOIO UAaCTMHONO CY/JHOBMX CHCTEM i KOMIUIEKCIB, /ie IIMPOKO BUKOPHUCTOBYOTHCS
enepro3bepiratoui Ta pecypco3bepiratoui TexHosorii. ToMy BHBUEHHS i [OC/iZPKEHHS] TAKUX €TeKTPOIPUBOAIB Pi3HOrO TPU3HAUEHHS 3 THIIOBHM
HaBaHTa)KeHHSIM CyJHOBHX MeXaHi3MiB € akTya/JbHHIM 3aBZjaHHsM. Y flaHiii poboTi rpe/icTaBeHa eKcriepuMeHTalbHa YCTAaHOBKA, sIKa IIPU3HaueHa s
BHBUEHHS i TeCTyBaHHsS MeTOZiB i 3akoHiB yripaesiHHs YPII, OLiHKM MOKa3HUKIB SKOCTi eJIeKTpOeHeprii Ta eHeproedeKTUBHUX PEXUMIB pobOTH
€/IeKTPOMEXaHIUHHUX CHCTEM 3 THUIIOBMM CyJHOBUI HaBaHTa)KeHHSIM. BUKOPHCTOBYBaHUii 610K BUMiproBaHHs mapametpiB (124 mapameTpu) enekTpo-
eneprii ME96SS ver. A, uepe3 MODBUS® RTU i Bignoigte 1O gnst 360py ganux EMU4-SW1 fo3Bosisie B pexkumi peasbHOTo yacy Bifobpaxkar i
3aMyCyBaTH JaHi, a OTiM TPeACTaB/ISTH Pe3y/IbTaTH Y BUIsiAi Tabuip, rpadikis i T.i. 1O mapameTpyBaHHS i Ha/laro[pkKeHHs1 YaCTOTHUX TIEPETBOPIO -
BauiB FR-Configurator 2 go3Bosisie A0C/TipKyBaTH pi3Hi 3aKOHU YIIPaB/IiHHS CYJHOBUMM MeXaHi3MaMu i KoMruiekcamu. TUNOBUMIA XapakTep HaBaHTa -
JKeHb ISl I0CTiKyBaHOTO aCHHXPOHHOTO [IBUTYHA /15l TAKAX MeXaHi3MiB iMIiTy€eThCsl HaBaHTa)KyBa/IbHIM I'€HepaTopoM ITOCTiHHOrO CTPyMY, B sIKi-
PHOMY KOJTi SIKOTO KOMYTYIOThCSI CTyIeHi pe3ucTopiB B (yHKIil 4acTOTH obepTaHHs (CHUrHasTy [jaTyMKa IIBH/KOCTI) 3a ZI0NIOMOTrOI IPOrpaMOBAHOTO
KOHTpOJiepa. 3arporoHOBaHa eKCIIepHMeHTalbHa yCTAHOBKA, HasiBHI arapaTHO-NIPOrpamHi 3acobu TecTyBaHHS, HAa/arofpkeHHs Ta [iarHOCTHKM [i0-
3BOJISIFOTH PO3POOJISITH i BIPOBaZ)KyBaTH eHepro3bepiraroui TeXHOJIOTil B CyAHOBI e/leKTpOMeXaHiUHi CHCTeMH, Y/I0CKOHA/IFOBAaTH METOAU IX TeXHIUHOI
eKCIUTyaTaLjii Ha OCHOBI aHaTi3y TeXHIYHOTO CTaHy. BUKOPHUCTOBYBaHi eKCriepuMeHTalbHi MEeTOAU [I0CTi/PKeHb, CyJacHi eHepro36epiratounx TexHOJO-
T'¥ MaloTh BeJIMKe 3HaueHHs! [JIs1 HaBUa/IbHOTO IIPOLIeCy.

KnrouoBi c/10Ba: ekcriepyMeHTalbHa yCTAaHOBKA, e/eKTPOMeXaHiuHa CHCTeMa, BUBUEHHS i TeCTyBaHHSI eHepro30epirarounx peXUMiB, 4acTo-
THO-PETY/IbOBaHUH TPH-BOJ, ariapaTHO-NPOrpamHi 3aco6u.

H. H. MYXA, A. O. JPAHKOBA, H. H. KPACOBCKHH

3KCIIEPMMEHTAJIBHASA YCTAHOBKA /11 U3YYEHNA 1 UCCJ/IEJOBAHUA
SHEPI'O93®PEKTUBHBIX PEXXMMOB 3J/IEKTPOMEXAHUYECKNX CUCTEM

CoBpeMeHHbIH 4acTOTHO-pery/mpyemslii npusof, (UPIT) cTaHOBUTCS HEOTbeM/IEMOH UacThIO CY/IOBBIX CUCTEM M KOMIUIEKCOB, I7je IINPOKO MCIIONb3Y -
10TCst SHeprocOeperaroiye 1 pecypcocbeperaroryie TexHomoruu. [103ToMy H3yueHHe U MCCIe0BaHUe TaKUX 3TeKTPOIPUBOZOB Pa3/IMYHOTO Ha3Ha -
YeHUsl C TUIIMYHOM HAarpy3KOoH CyZJOBBIX MeXaHHW3MOB sIB/ISIETCSI aKTya/IbHOM 3a/jaueil. B jaHHOI paboTe mpezicTaBneHa SKCrepUMeHTalbHasl YCTaHOB -
Ka, NpeJjHa3HaYeHHas [JIs1 U3yUeHHsl ¥ TeCTUPOBAHUsI MeTOZ|0B U 3aKOHOB yrpasseHust YPII, orjeHKH MoKasaresieli KauecTBa 3/1eKTPOSHEPTUM U SHep-
ro3¢(eKTUBHBIX PEKMMOB paboThl 3/1eKTPOMeXaHMYeCKUX CHCTEM C THIIOBOW Cyfj0BOM Harpyskoil. Vcriosmb3yemslii 610K M3MepeHHs TapaMeTpoB
(124 nmapameTpa) anekTpo3Hepruut ME96SS ver. A, uepes MODBUS® RTU u cootBerctByotee 10 ps cbopa ganHbix EMU4-SW1 mo3BosisieT B
PEXIMe peabHOr0 BpeMeHH 0TOOpaXkaThb 1 3aliChIBaTh JaHHbIe, a 3aTeM IPe/CTaB/IsTh Pe3y/ibTaTsl B Bue Tabmmiy, rpadukos u T.1. [10 napamerpu-
POBaHMs ¥ Ha/laJK1 4acTOTHBIX Tpeobpasosaresneii FR-Configurator 2 rmo3possieT UcciiefioBaTh pa3iiuyHbIe 3aKOHBI YIIPaB/IeHHs CyLOBBIMH MeXaHH3-
MaMH U KoMIleKcamy. TUIoBol XapakTep Harpysok A/t ucciefyemoro A/l /s TakKUX MexaHU3MOB UMUTHUDPYeTCs Harpy304HbIM FeHepaTopoM I0CTO-
SIHHOTO TOKQ, B SIKOPHOH 1IN KOTOPOT0 KOMMYTHPYIOTCSI CTYTIeHH Pe3UCTOPOB B (DYHKI[MM YacTOTHI BpalljeHus (CUrHala JATIhKa CKOPOCTH) C IIOMO-
LIBI0 TIPOrpaMMUpyeMoro KoHTposiepa. I1pesioxkeHHast 5KCriepUMeHTa/IbHasl yCTaHOBKA, MMEIOLIMecs] arrapaTHO-NIporpaMMHbIe CpeJiCTBa TeCTUPO-
BaHWsl, Ha/IaZK! Y IMarHOCTUKY MO3BOJISFOT pPa3pabarbiBaTh Y BHePSTh SHeprocbeperaroljye TeXHOJIOTH B CyAOBbIe 3/1eKTPOMeXaHUUeCKHe CUCTEMBI,
COBEpIIeHCTBOBATh METO/[bl X TeXHUUEeCKOM JKCIUTyaTaljiy Ha OCHOBe aHa/IM3a TeXHUUEeCKOTO COCTOSIHUS. VICromnb3yeMble SKCIIepUMEeHTa/IbHBIE Me -
TOZIbI MICCTIEI0BAHMI, COBpEMEHHbIe SHeprocbeperaromiux TeXHOIOTH MMeroT 60rblIIoe 3HaueHue Ji1s yueGHOro nporjecca.

KiroueBble c/10Ba: 3KCIIepUMeHTa/bHAs YCTAHOBKA, 37eKTPOMeXaHWYecKasl CUCTeMa, M3yueHHe U MCCle[loBaHie SHeprocheperaroiiix pexxu-
MOB, YaCTOTHO-Dery/IMpyeMblii IIPUBOJ, arliaparHo-TIPorpaMMHbIe CPeZICTBa.

Introduction. The marine fleet provides most of the  on the one hand, lowering the cost of shipping, and on the
transportation for the global market of goods and raw ma-  other hand, prevents air pollution from ships and provides
terials. Reducing energy costs per unit of cargo by in- to reduce the amount of emissions into the atmosphere.
creasing the energy efficiency of marine vessels allows,
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Reducing operating costs is one of the main con-
cerns of the shipping industry today. The requirement that
vessels must obtain an international certificate of energy
efficiency establishes new rules for managing the vessel’s
energy efficiency and ways to reduce energy consumption
on water transport.

Therefore, the development of an energy-efficient
strategy for the operation of sea and river transport is a
priority and relevant investigation. In our opinion, the ef-
fectiveness of the vessel should be a part of the design
and construction criteria for ships.

Problem analysis. At Present in the ship's complex
"generation - consumption of electricity” the potential for
improving energy efficiency was used only to a small ex-
tent. The specificity of improving energy efficiency in this
complex is the significant saving of primary fuel re-
sources by reducing power consumption.

One of the ways to increase the energy efficiency of
ship operation and reduce energy consumption is to de-
velop methods for managing electricity flows. Unwanted
losses occur in the generation, distribution, transformation
and use of electricity in a ship's autonomous electricity
system.

In addition, ship consumers of electricity are mainly
active-inductive load, i.e. the total current of generators,
transformers and cable lines should increase in relation to
the required active load by a value that is inversely pro-
portional to the value of the power factor, which is pro-
portionally to the increase electrical consumers. There-
fore, generating installations must provide additional jet
power, which in turn reduces their efficiency due to the
increased fuel consumption of the prime move drives.

Thus, as mentioned earlier, one of the ways to in-
crease the energy efficiency of the ship's operation and re-
duce the power consumption along with improving the
operation modes of the ship's propulsion and optimizing
the operation of an auxiliary equipment and mechanisms
is a develop rational methods of managing electrical en-
ergy flows of the shipboard power plant.

In our opinion, there are two ways to solve this prob-
lem. This determines two areas of research into this prob-
lem: 1) optimal control of the electrical energy flow at the
stage of its generation and distribution; 2) optimization of
energy flows at the consumption stage, i.e. at the stage of
electromechanical electricity conversion. The main re-
search results associated with the 1-st area presented in
our papers [1, 2]. The biggest benefit of designing a new-
build in a more energy efficient way is the potential for
reducing the size of the shipboard power plant, which can
operate with power factor close to unity.

The problem of increasing the energy efficiency of
ship generation systems is urgent and rather complicated
due to the restrictions due to the laws of physics.

Based on the given values of the generating plants
efficiency [3], we can conclude that saving one unit of
electricity at the consumption stage allows saving up to
five units of conventional primary fuel.

Therefore, in our opinion, the 2-nd strategic direc-
tion of research, which is associated with a more efficient
use of electrical energy, is reasonably arguable.

Moreover, if you keep in mind that the component of
the total generated energy, which converted using vessel’s
electromechanical systems, is more than 90%.

Thus, the introduction of energy-efficient electro-
mechanical systems has the potential to reduce electricity
consumption by more than 10-15% of the total generated
and is one of the priority areas for increasing the vessel’s
energy efficiency.

A modern variable frequency drive (VFD) is becom-
ing an integral part of ship systems and complexes [4],
where energy-efficient and resource-saving technologies
are widely used. Therefore, the study and research of such
electric drives for various applications with a typical load
of ship mechanisms is an actual task.

The aim of this work is to create a laboratory in-
stallation for studying and testing a control laws, evaluat-
ing the energy parameters of an adjustable electric drive
of ship's electromechanical systems with a typical load.

Research materials. In Fig.1 presented the labora-
tory setup for the study and research of control laws, indi-
cators of the electric energy quality and assessment an en-
ergy efficiency of asynchronous electric drives with fre-
quency converters FR-F840, FR-A740 and voltage con-
verter (soft starter) of type RVS-DN-8-400.

Fig. 1 — Voltage and frequency converters with asynchronous
motors aggregate: 1 — Digital Voltage Soft Starter;

2 — Electronic Multimeasuring Instrument ME96SSRA-MB;
3 — Frequency Converter FR-A740; 4 — Frequency Converter
FR-F840; 5 — Current Transformers; 6 — Two-machine
Aggregate with 1.5 kW Asynchronous Machines
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Fig. 2 - Functional diagram an experimental installation of the electromechanical system with VFD

The functional diagram of the VFD research com-
plex shown in Fig. 2. The measuring equipment of the
laboratory complex is a good tool for research work, and
the available software provides convenient opportunities
for receiving and presenting research results.

The MMI block consists with an electronic multi-
measuring instrument ME96SSRA-MB (ME96SS - A
Ver.) and an oscilloscope ExtechMS420, which measure
and record electrical energy parameters, power quality in-
dicators and their time and phase dependencies. We are
used this Energy Measuring Unit ME96SS Ver. A series
unit with MODBUS® RTU (using RS-485 - USB conver-
sion adapter) and corresponding Data Acquisition Soft-
ware EMU4-SW1 for remote real-time monitoring system
of an electrical energy parameters.

Data acquisition function can acquire the data from
measuring terminals at constant intervals: 1 minute or 1
hour. In the “Report output” function, is create, for exam-
ple, a detailed report by pasting the data measured at any
constant interval to the master file (Excel file). Measured
parameter's values are updated one-second intervals at
shortest and save it as CSV file. The result file of data ac-
quisition is stored in the user folder.

Data Sheet for ME96SSRA-MB is shown in table
below. In Fig. 3 is shown the connection diagram of the
device ME96SSRA-MB for measuring the electricity pa-
rameters. Using the MES6SSRA-MB instrument it is pos-
sible to measure the input power source parameters of the
converter and the load parameters [11, 12] (at the con-
verter output) by entering the measured values from the
secondary windings of voltage transformers and current
transformers and display the values of these measure-
ments. Measuring type: instantaneous or integration
value. Measuring elements are phase or linear currents,
phase or linear voltages, active power, reactive power, ap-
parent power, power factor and frequency.

In addition, it can measure harmonics (current and
voltage) [10] and count active energy (imported and ex-
ported) and reactive energy (imported lag, imported lead

Measuring Items ME96SSRA-MB
Current (A) 10.2%
Demand Current (DA)
Voltage (V) +0.2%
Active Power (W) +0.5%
Reactive Power (var) +0.5%
Apparent Power (VA) 1+0.5%
Power Factor (PF) +0.5%
Frequency (Hz) 10.1%
Active Energy (Wh) Class 0.5S
(IEC62053-21,22) (Import/Export)
Reactive Energy (varh) Class1S
Apparent Energy (VAh) 12.0%
Harmonics Current (HI) Max.19th,+1.0%
Harmonics Voltage (HV) Max.19th,+1.0%

angle, exported lag, exported lead angle).

It can expand the remote input/output function to the
ModBus RTU communication, that is provide for visual-
ization on HMI (GOT). This allow to efficiently operate,
monitor and control of an investigational processes. GOTs
can be seamlessly integrated to other Mitsubishi Electric
devices like PLCs, inverters, or motion systems for a total
automation and studying solution [5-7].

Simulation of the typical load of asynchronous elec-
tric drives was performed with the help of load-type di-
rect-current (DC) generators, which are connected by a
coupling with an asynchronous electric motor. The load of
the generators, in turn, varies or discretely from idling to
1.25 of the generators rated current with a constant excita-
tion of the generator or smoothly while regulating the ex-
citation voltage of the generator (see Fig. 2).
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Fig. 3. The connection diagram of the MES6SSRA-MB device

The law of the load torque changing on the motor
shaft can be formed by means a PLC in automatic mode
as a function of changing the speed of the motor shaft
(analog feedback signal from the speed sensor, which is
fed to the PLC input, see fig. 2). Typical mechanical char-
acteristics of ship mechanisms (fans, centrifugal pumps,
lifting mechanisms, conveyors, etc.) are preprogramed for
the PLC. These laws are determining an algorithm for
connecting the corresponding resistors to the armature cir-
cuit of the generator.

Schematic diagram of the speed sensor for the auto-
matic mode of the load torque formation of typical ship
mechanisms is shown in Fig. 4.
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Fig. 4. Speed sensor for PLC-controlled load

Conclusions.

The developed experimental setup allows us to study
and test various operation modes of the shipboard electro-
mechanical systems based on a frequency-controlled elec-
tric drive [3]. VFD control laws, indicators of the electric
energy quality and assessed the modes an energy-effi-
ciently electromechanical systems with typical ship's load
can be investigated with the help of mentioned equip-
ment.

A short list of the main tasks which can be solved
with the help of laboratory equipment:

Development and implementation of energy-saving
technologies in the control system of a marine electric
drive based on diagnostics and determination of their en-
ergy characteristics [8, 12] using the theory of instant
power.

Development of monitoring and evaluation systems
for the operational life of electrical machines.

Development of methods for the technical operation
of ship electromechanical systems based on an analysis of
their technical condition.

The use of modern energy-saving technologies used
on ships, on the examples of frequency-controlled electric
drives of various ship mechanisms and systems for educa-
tional process.

In finally, it should be noted that modern higher edu-
cation should be aimed at teaching students in accordance
with the constantly updated technical base and with the
growing needs of employers. In order to meet these objec-
tives, it is necessary to introduce new technologies in the
process of education and training of specialists, which not
only helps to increase the level of training, but also to ori-
ent the educational process to the real problems of main-
tenance, parameterization of modern shipboard electro-
mechanical systems with PLC control.
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