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Abstract—The article is devoted to the development of a software and hardware complex for simulating the
operation of ship's electric propulsion systems and for high-quality education, training and scientific
research. A distinctive feature of the proposed simulator is the possibility of using data base from control
and monitoring systems of real ships, followed by intelligent processing of the obtained data to simulate
both nominal and emergency situations. The training complex reproduces most ship’s operating situations,
provides training on monitoring, control and management of low voltage and high-voltage power plants.
The need to apply the training complex allows the formation of the required competence of the engine room
personnel, develop methods and criteria for assessing competence, evaluate and demonstrate the practical
skills obtained, and also provides an opportunity to conduct scientific research work. The proposed
solutions can be used in the training complex for the high-quality training of engine department personnel
in accordance with the requirements and standards of the Standards of Training, Certification and
Watchkeeping Convention.

Index Terms—Intelligent system; electric propulsion simulator; training engine department personnel;
power and propulsion system; power management system; programmable logic controller; frequency

converter; asynchronous motor.
I. INTRODUCTION

Recently, in the marine industry, diesel electric
propulsion vessels have found wide application, this is
associated with great advantages, such as high
reliability, high maneuvering qualities, the power
redundancy and other [1]. For such vessels the electric
propulsion system is the most suitable because of the
specificity of the modes of operation and destination.
Working with those complex ship systems requires
highly qualified and competent engine department
personnel, which should not only implement routine
maintenance of systems, but also immediate actions to
be taken under fault conditions in emergency
situations, to restore the system to working condition
and minimize time for troubleshooting,.

With various operating modes such as
maneuvering, passing through narrows and channels,
operating in difficult ice navigation conditions ship's
systems must be reliable. But emergency situations
occur when one or more of the ship’s systems fail and
the ship’s personnel are primarily responsible for
preventing collisions or other disasters that could lead
to human sacrifices and environmental hazards.

II. REVIEW OF THE LITERATURE

Currently, International Maritime Organization
(IMO) MARPOL regulations have set targets for

reducing the Energy Efficiency Design Index (EEDI)
for new ships and to enforce these advances the IMO
MARPOL impose increasingly stringent restrictions
on ship’s emissions [2], [3].

Since the operational profile of ships became more
diverse, and the fulfillment of numerous tasks leads to
an increase in the power and propulsion plants and the
complexity of performing various marine operations
and this trade-off between efficiency and adaptability
to diverse operating profiles has led to a growing
variety of power and propulsion systems [4], [5].
Figure 1 shows the power and propulsion system,
which can be classified as follows:

— mechanical propulsion, electrical propulsion or
a hybrid combination of both;

— power generation with combustion engines,
fuel cells, energy storage or a hybrid combination;

— alternating current (AC) or direct current (DC)
electrical distribution.

Furthermore, more attention is paid to diesel
electric propulsion vessels with a single or multiply
main switchboards (MSB,) which provides power for
electrical propulsion system and general ship’s
consumers and such systems require highly qualified
personnel.
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Fig. 1. Power and propulsion system classification

According to the International Convention on
Standards  of  Training,  Certification  and
Watchkeeping for Seafarers (STCW) including 2010
Manila Amendments in chapter III describes the
standards and requirements for the competence of the
engine department at the operational and management
levels for the electrical propulsion of the ships [6].
Also, IMO developed a several of recommended
model courses (7.02 [7], 7.04 [8], 7.08 [9], 2.07 [10]),
which describes in detail the principles of training,
methods of demonstration and lists of competencies,
which must fully comply for the engine department
officers. The tables of competences describe the
minimum knowledge, understanding and professional
skills with respect to ship propulsion control systems,
including electric propulsion systems. In accordance
with the methods for demonstrating competence and
the criteria for evaluating competence is necessary
comprehensive training of personnel on the simulator
with the appropriate specialized laboratory
equipment. In this case, the attention of delegates
should be paid to the understanding of the processes in
the operation of the equipment of the propulsion
complex concerning the static and dynamic
characteristics of power plants, the parameters of
operating modes and the nature of transients.

Such training should include theoretical and
practical modules that can be fully implemented
using the ship's multi-functional simulator. This
simulator should realize wide functional and
operational capabilities to the level of physical
reality, according to the tasks and scenarios modeled
on the simulator, that delegates acquire the necessary
knowledge and experience. At the moment, the
training of engine department personnel is not good
enough qualified, due to the small number of training
complexes using real equipment.

The training of specialists on virtual simulators
gives a good theoretical understanding of the
processes taking place, but there is no state of reality
and the practical impossibility of the influence of
physical changes on equipment operation to create
pre-emergency, emergency and rapidly changing
modes of equipment state where fast, accurate and
correct decision making are required.

A variety of virtual simulators are known, such as
TRANSAS [11], KONGSBERG [12], and others,
which are based on wvarious types of vessels,
including electric propulsion vessels. Despite the
wide functionality of virtual simulators, they also
have a number of disadvantages, due to software
binding and the lack of equipment, which limits the
training personnel from real processes at operating
various ship systems.

There are also a number of publications describing
the work of laboratory and training complexes, the
purpose of which is the study of physical processes,
scientific research, theoretical and practical exercises
to improve the level of training engine department
personnel according the requirements of the STCW
Convention.

Training complexes are developed that take into
account the above-mentioned features, which include
both virtual tools and physical components. In
particular in [13] a training complex is described that
allows for experimental studies, as a result of which it
is possible to obtain graphs of transient processes of
acceleration, deceleration and reverse of a propulsion
motor; voltage and current of the propulsion motor
and frequency converter when running in the good
and bad weather conditions, in ice navigation and in
emergency conditions. On computer models, the
following modes of operation of the power and
propulsion systems (PPS) are implemented:

— 1idle operation;

— operation on the screw characteristic in the
established modes (good weather, bad weather and
ice navigation);

— operation on the screw characteristic in the
transient conditions (acceleration, deceleration,
reverse);

— operation in emergency modes (jamming of
the propeller, breakdown of the propeller blade, etc.).

The simulator by changing the layout the
algorithm and the laws of regulation, the load
characteristics of the propeller allows to simulate the
operation of the power and propulsion systems with a
direct transfer of torque to the propeller.

The disadvantage of such a simulator is that a DC
synchronous generator is used as a model of the
electric propulsion, and an asynchronous motor is
used to simulate the propeller.
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Considering the fact that in modern shipbuilding
on diesel electric ships use AC synchronous and
asynchronous motors and electric machines of DC
are practically not used in ship systems due to a
number of disadvantages.

III. PROBLEM STATEMENT

The training of specialists on virtual simulators
gives a good theoretical understanding of the
processes taking place, but there is no state of reality
and the ability to adapt to the operating conditions of
a real ship, which significantly reduces the efficiency
of personnel training.

The relevant objective is to develop a simulator
complex as close as possible to the operating
conditions of modern diesel electric propulsion ships.
Such a simulator should allow to conduct laboratory
tests with modeling of nominal and emergency
modes of operation, where quick and correct decision
making is required.

It is necessary to provide the possibility of
integrating intelligent system into the training
complex which could be trained in all processes and
modes of operation of the simulator in order to
simulate various scenarios that are potentially and
actually possible during the operation of ship's
electric propulsion systems.

IV. SIMULATOR STRUCTURE JUSTIFICATION

For the modeling and subsequent imitation of
operating modes of ship's systems on a simulator,
first of all, it is necessary to analyze information
about their functioning wunder the operating
conditions of a real ship. As an example, a seismic
vessel with the following technical specification is
considered:

— 3D seismic vessel with wide tow for towing
streamers (maximum number 12);

— diesel electric propulsion: 2x4000 kW stern
thrusters, 1x2000 kW bow thruster;

— Power Management System (PMS): Main
engines / Generators 4x3355 kW, single main
switchboard (MSB), separated on starboard side
(STBD) and port side (PS), rated voltage 4160 V and
frequency 60 Hz.

“Hoglund” IAS (Integrated Automation System)
[14] is designed to meet the complete range of
automation and control tasks on-board ship, which
integrates the functions of control, monitoring and
alarm of the following ship automation systems:

— Power Management System (PMS);

— Engine Control and Safety System (ECS);

— Ship Performance Monitor (SPM);

— Power Fault Control (PFC);

— Valve Control System (VCS);

— HVAC Control System (HCS);

— propulsion control system (in the presence of a
dynamic positioning (DP) system);

— Playback and Fast Data Capture and etc.

The system structure consists of several
substations connected to each other through a
redundant, fast and reliable communication protocol.

Also, part of IAS, is a power management and
distribution system that performs the function of
monitoring and control. All signals are stored into a
history file with a storage capacity for up to a year
logging length, depending on disk size.

The major PMS functions are load dependent
start/stop; pre-warning alarm; shut down function;

load reduction; heavy consumers; blackout;
switchboard configuration; active load sharing; alarm
handling.

In Figure 2 shows a system for monitoring and
control of a high voltage power system of a real DP
seismic vessel with electric propulsion in operation
during bad weather and rough sea at 67 points with a
wave height of up to 8 meters.
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Fig. 2. High voltage diesel electric propulsion
seismic vessel

When the vessel is under way at high sea
excitement the propellers are periodically become
bare and this results in suddenly load changes on the
propulsion plants.

This mode of operation can lead to the creation of
an emergency and blackout of STBD of the main
switchboard and all consumers that receive power
and an emergency stop of the power propulsion plant
(Fig. 3). In this case marine personnel have to be fully
competent to restore stopped equipment as soon as
possible, to avoid any possible collision or other
incidents.

To analyze occur incident and take the necessary
actions the stored database allows to troubleshoot
incidents with graphical presentation and carry out
analysis of all the necessary parameters at the time of
the occurrence of emergency or other abnormal
situations.
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Main Switchboard

(propeller). Thereby, the simulator can be used in
different modes, control the rotation speed and the
load on the propulsion motor.

The general overview of software and equipment
communication is shown in Fig. 5.

The main operator panel gives possibility to
control asynchronous motors of the electric
propulsion plant using frequency converters and to

5 simulate operating modes and loads, such as:
HHHH maneuvering, operating at low and high speeds,
) ' steady mode, overload and malfunction. Through
operator panel by the software various operating
mode algorithms are set up with the possibility of
control with auto and manual modes (Fig. 6).
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Fig. 3. Blackout of STBD of main switchboard
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The simulator includes two asynchronous motors
with rigid shafts connection. Each motor is operated
by frequency converter with software, one of the In auto mode have possibility to select of
motor using as propulsion motor and the other is a ready-made options for the operating modes of the
load with the ability to control the torque on the shaft  electric power plant without participation in the

Fig. 6. Multifunction electrical propulsion simulator
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process of a personnel. This is achieved by creating
special software algorithms in the “Zelio Soft 2”
logical software and uploading it to the
Programmable Logic Controller (PLC, Schneider
Electric Zelio SR2B201BD) [15]. In the manual
mode possible to change the settings of certain
factors to adjust the operating modes of the
equipment. The PLC has the ability to connect input
sensors to expand the functionality of the monitoring
system and use the output signals for frequency
converters (to control and monitor motors) and for
protective devices “Sepam” [16] (to control high
voltage vacuum circuit breakers).

VI. RESULT AND DISCUSSION

Using the software “SFT2841” [17] for “Sepam”
can perform special control and monitoring functions
such as: editing logic equations for programming
original functions management and control; creating
personalized alarms for local operation; customization
of the control matrix to match the assignment of
output relays, signal lamps and signal messages.

At the time of the electric propulsion simulator in
various modes of operation, there is a stream
recording of all current processes and the subsequent
saving of these parameters to the database.

[ @ 6@

The “analysis unit” allows analyzing the saved
data for the required period of time, for example, any
pre-emergency and emergency situations, or static
and dynamic modes of operation of the power plant.

Frequency converters are controlled by the
software “So Move” [18], where can perform the
following basic operations:

— setting and editing the parameters of frequency
converters,

— visual display of the status of parameters and
variable drives;

— automation of experimental studies;

— oscillography of the measured coordinates;

— processing the results of experimental studies.

With the simulator various speed and load modes
of operation were implemented with the possibility of
observing and recording all processes as well as
recording parameters and constructing graphical and
screw characteristics of the electric propulsion
complex.

In Figure 7 shows the variable dynamics of torque
(1), voltage (2), alternating current (3) and frequency
(4) during the maneuvering mode of the vessel, when
the speed of propeller has been increased over a
certain period of time, remained steady and
decreased.

Fig. 7. Graphic visualization of parameters

At this simulator studied the steady-state modes:
mechanical characteristics, curves of changes of
frequency, voltage, stator current with different
methods of frequency control. Dynamic modes were
investigated not only at idle, but also at different
values and laws of load variation.

VII. CONCLUSIONS

This simulator complex makes high-quality
training of engine department personnel in
accordance with the requirements and standards of an
international convention (STCW) and 2010 Manila

amendments. The experience and skills gained on a
multifunctional simulator allows seafarers to work on
various equipment of electric propulsion vessels
showing a high level of knowledge and training.

A distinctive feature and the most important
advantage of the proposed software and hardware
complex is a rational combination of both real
hardware systems for controlling ship's electric
propulsion complexes, and virtual components
implemented by software. The possibility of training
the marine crew on real equipment allows delegates
to acquire the necessary skills and competencies,
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while the software simulation of the operating modes
provides sufficient flexibility in modeling workflows
on ships of various types.

The use of an intelligent system in the structure of
a software-hardware complex allows to create and
analyze a date base from real ships modern
monitoring systems. Later on, the simulator modeling
the modes of the propulsion complex operation
appropriate to various normal and emergency
situations.

Prospects for using the database of other vessels
allows intelligent systems to simulate various modes
of operation of vessels of various types, as well as the
result to be used to effectively train machine crew
personnel.
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A. A. IBaHoB, 1O. O. Jledeaenxo, C. O. Poxkkos, I. B. Koiocos. InTejiekTya/ibHa cHCcTeMA SIK YACTHHA CUMYJISITOPa
MPONMYJIbCUBHOI0 KOMILIEKCY CY/IHA 3 €JIEKTPOPYIIiEM

CraTTsi TpuCBSiYEHA PO3POOII  MPOrpaMHO-TEXHIYHOTO KOMIUIEKCY JJIsl MOJENIOBaHHS pPOOOTH  CYTHOBHX
ENIEKTPOCHEPIEeTUYHUX CHCTEM, a TaKOX U SKICHOrO HaBYaHHS, IiJrOTOBKM 1 HayKOBHX JOCII/DKEHb. BiaMiHHOIO
OCOOJIMBICTIO TIPOITOHOBAHOT'O TPEHAXKEPa € MOXKJIMBICTh BUKOPHCTaHHS 0a3u JaHMX CHCTEM YIPaBIiHHS 1 KOHTPOIIO
peaybHUX CYIIB 3 IMOJAJIBIIOI0 1HTENIEKTYaJIbHOK 00pOOKOI0 OTPUMAaHMX JaHHX Ul MOJEIIOBAHHS SIK IITATHHUX, TaK i
aBapiiHKUX cuTyanii. HaByaapbHMIT KOMIUIEKC BiITBOPIOE OUTBIIICTE YMOB €KCILTyaTalii CyaHa, MPOBOAWTH TPEHIHTH 3
MOHITOPUHTY, KOHTPOJIIO Ta YNPAaBIiHHSI HHU3bKOBOJILTHAUMH 1 BHCOKOBOJIBTHUMHM €JEKTpOCTaHLisMHu. HeoOximHicTh
3aCTOCYBaHHS HAaBYAJIBLHOTO KOMIUIEKCY J03BOJsiE c(OpMyBaTH HEOOXiHWI piBEHb KOMIIETEHTHOCTI IEpPCOHATY
MAIIMHHOTO BiJUIUJICHHS, PO3POOUTH METOJM 1 KpUTEpii OLIHKM KOMIIETEHTHOCTI, OLIHUTH 1 HPOJAEMOHCTPYBATH
OTpUMaHi TMPAaKTUYHI HABUYKH, a TAaKOX JAE MOXIIUBICTh TPOBOJIMTH HAaYKOBO-JOCITIIHI pOOOTH. 3aIpOITOHOBaHI
pilIEHHS MOXKYTh OYTH BUKOPUCTaHI B TPEHa)XEPHOMY KOMILIEKCI JUIsi SIKICHOTO HaBYaHHS MEPCOHATY MAIIMHHOTO
BIJUTUTCHHS BiIIOBITHO 10 BUMOT i cranaapTiB Konsennii [TJJHB.

Knarwu4oBi cnoBa: iHTeneKkTyadbHa CHUCTEMa; TPEHA)KEP CUJIOBOI YCTAaHOBKHM;, HaBUaHHS IEPCOHATY MAIIMHHOTO
BiJUIIJICHHS; CHJIOBA IIPOMYJbCHBHA YCTAHOBKA; CHCTEMa YIPABIIHHA JKUBJICHHAM; IPOrPAaMOBAHUMA JIOTIYHHNA
KOHTpOJIep; epEeTBOPIOBaY YaCTOTH; aCHHXPOHHUH JABUTYH.
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CraThsi TIOCBSIICHA pPa3pabOTKEe MPOrpaMMHO-TEXHHYECKOTO KOMIUIEKCA ISl MOICIUPOBAHHMS pPabOThI CYIOBBIX
3JIEKTPOIHEPTETHUSCKUX CHCTEM, a TaKXKe I KaueCTBEHHOrO OOYYEHHs, MOATOTOBKA M HAYYHBIX HMCCIICIOBAHUM.
OTJINYUTENEHOW OCOOCHHOCTBIO IMPEIaraeMoro TPEHaXKepa SBIIACTCS BO3MOXXHOCTH HCIIONb30BaHHMSA 0a3bl JaHHBIX
CHUCTEM YIPAaBICHUSA M KOHTPOJSI PEaTbHBIX CYIAOB C IOCICIYIONICH WHTEUICKTYalbHOH 00pabOTKOM IMOJydCHHBIX
JMAHHBIX JJII MOJICIUPOBAHMSA KaK INTATHBIX, TaK M aBAPUHUHBIX CUTyallMid. YYeOHBIH KOMIUIEKC BOCIPOHU3BOIHUT
OOJIBIIIMHCTBO YCIIOBUM AKCILTyaTallud CYIHA, MPOBOJAWT TPCHUHTH 110 MOHHUTOPHHIY, KOHTPOJIIO W YIIPABJICHHIO
HU3KOBOJIBTHBIMH W BBICOKOBOJIBTHBIMH JJIEKTPOCTAHIUAMHU. HeoOXOMUMOCTh NpHMEHEHHs Y4eOHOro KOMILIEKCa
Mo3BOJIsIET ¢(hOPMHUPOBATH HEOOXOAUMYIO KOMIIETCHTHOCTh TIEPCOHANIA MAIIIMHHOTO OTACIICHHS, pa3padoTaTh METObI U
KPUTEPHUU OICHKM KOMITETCHTHOCTH, OIICHHTh M MPOICMOHCTPHPOBATEH MOJYYCHHBIC MPAKTHUCCKUE HABBIKU, & TAKXKE
JaeT BO3MOXKHOCTh TPOBOIUTH HAYYHO-UCCIENOBATeIbCKUE paldoThl. IIpemyiaraeMmbie peIIeHUS MOTYT OBITH
HCIONB30BaHbl B TPCHAXEPHOM KOMIUIEKCE JUIS KA4eCTBEHHOTO OOydYeHHs IepCOHANa MAIUHHOTO OTHCICHUS B
COOTBETCTBHH ¢ TpeOoBaHMsIMHU U cTanaapramu Konsenmumu I1J]JHB.
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