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Introduction. The marine fleet provides most of the
transportation for the global market of goods and raw ma-
terials.  Reducing  energy  costs  per  unit  of  cargo  by  in-
creasing the energy efficiency of marine vessels allows,

on the one hand, lowering the cost of shipping, and on the
other hand, prevents air pollution from ships and provides
to reduce the amount of emissions into the atmosphere.
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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-
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ЕКСПЕРИМЕНТАЛЬНА УСТАНОВКА ДЛЯ ВИВЧЕННЯ І ДОСЛІДЖЕННЯ 
ЕНЕРГОЕФЕКТИВНИХ РЕЖИМІВ ЕЛЕКТРОМЕХАНІЧНИХ СИСТЕМ

Сучасний частотно-регульований привод (ЧРП) стає невід'ємною частиною суднових систем і комплексів, де широко використовуються
енергозберігаючі  та  ресурсозберігаючі  технології.  Тому вивчення і  дослідження таких електроприводів різного призначення з типовим
навантаженням суднових механізмів є актуальним завданням. У даній роботі представлена експериментальна установка, яка призначена для
вивчення і тестування методів і  законів управління ЧРП, оцінки показників якості електроенергії та енергоефективних режимів роботи
електромеханічних систем з типовим судновий навантаженням. Використовуваний блок вимірювання параметрів (124 параметри) електро-
енергії ME96SS ver. А, через MODBUS® RTU і відповідне ПО для збору даних EMU4-SW1 дозволяє в режимі реального часу відображати і
записувати дані, а потім представляти результати у вигляді таблиць, графіків і т.п. ПО параметрування і налагодження частотних перетворю-
вачів FR-Configurator 2 дозволяє досліджувати різні закони управління судновими механізмами і комплексами. Типовий характер наванта -
жень для досліджуваного асинхронного двигуна для таких механізмів імітується навантажувальним генератором постійного струму, в які-
рному колі якого комутуються ступені резисторів в функції частоти обертання (сигналу датчика швидкості) за допомогою програмованого
контролера. Запропонована експериментальна установка, наявні апаратно-програмні засоби тестування, налагодження та діагностики до-
зволяють розробляти і впроваджувати енергозберігаючі технології в суднові електромеханічні системи, удосконалювати методи їх технічної
експлуатації на основі аналізу технічного стану. Використовувані експериментальні методи досліджень, сучасні енергозберігаючих техноло-
ги мають велике значення для навчального процесу.

Ключові слова: експериментальна установка, електромеханічна система, вивчення і тестування енергозберігаючих режимів, часто-
тно-регульований при-вод, апаратно-програмні засоби.
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ЭКСПЕРИМЕНТАЛЬНАЯ УСТАНОВКА ДЛЯ ИЗУЧЕНИЯ И ИССЛЕДОВАНИЯ 
ЭНЕРГОЭФФЕКТИВНЫХ РЕЖИМОВ ЭЛЕКТРОМЕХАНИЧЕСКИХ СИСТЕМ

Современный частотно-регулируемый привод (ЧРП) становится неотъемлемой частью судовых систем и комплексов, где широко использу-
ются энергосберегающие и ресурсосберегающие технологии. Поэтому изучение и исследование таких электроприводов различного назна -
чения с типичной нагрузкой судовых механизмов является актуальной задачей. В данной работе представлена экспериментальная установ -
ка, предназначенная для изучения и тестирования методов и законов управления ЧРП, оценки показателей качества электроэнергии и энер-
гоэффективных режимов работы электромеханических систем с типовой судовой нагрузкой. Используемый блок измерения параметров
(124 параметра) электроэнергии ME96SS ver. А, через MODBUS® RTU и соответствующее ПО для сбора данных EMU4-SW1 позволяет в
режиме реального времени отображать и записывать данные, а затем представлять результаты в виде таблиц, графиков и т.п. ПО параметри-
рования и наладки частотных преобразователей FR-Configurator 2 позволяет исследовать различные законы управления судовыми механиз-
мами и комплексами. Типовой характер нагрузок для исследуемого АД для таких механизмов имитируется нагрузочным генератором посто-
янного тока, в якорной цепи которого коммутируются ступени резисторов в функции частоты вращения (сигнала датчика скорости) с помо-
щью программируемого контроллера. Предложенная экспериментальная установка, имеющиеся аппаратно-программные средства тестиро-
вания, наладки и диагностики позволяют разрабатывать и внедрять энергосберегающие технологи в судовые электромеханические системы,
совершенствовать методы их технической эксплуатации на основе анализа технического состояния. Используемые экспериментальные ме -
тоды исследований, современные энергосберегающих технологи имеют большое значение для учебного процесса.

Ключевые слова: экспериментальная установка, электромеханическая система, изучение и исследование энергосберегающих режи-
мов, частотно-регулируемый привод, аппаратно-программные средства.
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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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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 ME96SSRA-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) ±0.2%

Demand Current (DA)

Voltage (V) ±0.2%

Active Power (W) ±0.5%

Reactive Power (var) ±0.5%

Apparent Power (VA) ±0.5%

Power Factor (PF) ±0.5%

Frequency (Hz) ±0.1%

Active Energy (Wh)
(IEC62053-21,22)

Class 0.5S
(Import/Export)

Reactive Energy (varh) Class1S

Apparent Energy (VAh) ±2.0%

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. 2 - Functional diagram an experimental installation of the electromechanical system with VFD
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Fig. 3. The connection diagram of the ME96SSRA-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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