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PECULIARITIES OF SHIP POWER PLANT DIAGNOSTICS
USING THE ERS-500 TECHSIM TRANSAS MIP LTD SIMULATOR COMPLEX
IN THE PROCESS OF SHIP ENGINEERS' TRAINING

This paper presents an analysis of the results obtained using the ERS 5000 TechSim Engine
Room Simulator software. The software simulates remote control from the ship's central
control station using virtual equipment panels, which are dedicated hardware combined
into a separate console. The simulator covers the main areas of training in accordance
with the International Convention on Standards of Training, Certification and Watchkeep-
ing for Seafarers with the Manila Amendments of 2010 and meets the requirements of IMO
Conventions and Resolutions and IEC standards. The simulator is certified by the Norwe-
gian classification society DNV/GL. Main engine diagnostics are performed using the Cyl-
inder Combustion Quality diagnostic panel and the Indicator Diagram Comparison panel.
Analysis of changes in gas turbine engine parameters and the indicator diagrams them-
selves at different levels of piston ring wear showed a decrease in compression pressure,
mean indicated pressure and maximum combustion pressure, as well as an increase in the
return oil temperature of the piston cooling system and the consumption of lubricating oil
in the cylinder. The advantages of using simulators in the training process include the abil-
ity to perform laboratory work in a frontal method, which significantly improves the learn-
ing experience.
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1.B. Xyoakoe, 1.B. I'puyyk, /[.C. Illozopneuywvkuii, M.Il. Bynzakoe, B.B. Yepnenxo,
M.€. Jlimginoe. Ocobaueocmi 0iazHoOCMyB@aHHA Y0060 eHepzeMUUHOT YCMAHOGKU 3
suxkopucmanuam mpenaxycepnozo komniaexcy ERS-500 TechSim TRANSAS MIP LTD
Yy npoueci niozomosku cyonosux mexauikie. Tpenasicepui cucmemu 3aumaroms 0OUH i3
npiopumemHux Hanpsmie y Hasuauui Oe3asapiinol excniayamayii cy0oeoi enepeemuyHol
yemanosku (CEY). Imimayitino-mpenanicepti KOMIIEKCU, MAKCUMATbHO HAOIUNCEHI 00
PeanbHo20 cyOH08020 MAUUHHO20 8i00iNeHH S, 00380ISI0Mb KYPCAHMAM HAOY8amu npasu-
JILHUX Ma CMIUKUX Hasu4ox. Bpaxoeyrouu sasicnugicmes mpenasicepuoi nio2omoexu y ¢op-
MYBAHHI NPOGHECIIHO BANCTUBUX AKOCMEL, BHECOK ) DE3NeKy eKCniyamayii npu 06ciy2o8y-
BAHHI MAWUHHO20 8I00LNenHs cyOeH — il 3a0e3neuenHs nompeOye KOMIIEKCHO20 Mad CUC-
memMH020 nioxody. Pozeumok i KkoncmpykmueHe YCKIAOHEHHS CheyianbHOi MexHiKU, o
cnocmepieaemuvcs 8 OAHUl 4ac, a MakKodc 30iMbleHHs KilbKOCMI pednizo8anux 8 Hill
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3a60aHb, GUMALAIOMb 8I0 CYOHOBUX THICEHEP-MEXAHIKIE MEXHIUHO020 Npopecionanizmy, 0o-
MPUMAHHSL BCIMAHOGIEHUX NPAsUTL i NOPsIOKY Oill. 3 yiei npuduHu ni02omoska onepamopis
HeMUCTUMA 6e3 GUKOPUCMAHHS IMPEHAICEPHUX 3aC0018, 5KI 00360A510Mb 3A0WANIHCYBAMU
Pecypcu HaguaIbHO20 3aKAA0Y, CKOPOMUMU 8APMICMb HABUAHHS, 3MEHWUMU A8APTUHICY
00p02020 06AAOHAHHS Y NPOYeECT 1020 0CBOEHHS, 8I0NPAYbLOBYsamu il y pasi UHUKHEHHS.
Hecmanoapmuux cumyayin. bByov-axuti mpenasicep € hizuunoio mooennto, nodioHow 00
peanvro2o 00'ekma i3 3a0anum cmynenem mounocmi. Ocobaugicmro mpernadicepa € me,
WO Npu 8NIUBI HABKOIUWIHIX NPUCTIPOi8 Ma OI0KI8 HA Op2aHU NOYYmMmie onepamop ompu-
MY€E I3YaNbHYy, MAKMUILHY, 386YK08Y ma iHuty iHghopmayiro, aKa i Cmeopioe into3iio ynpas-
qinna CEY. Tpenaoicep oxonnoe naugadciugiuii Hanpsamu HAGYAHHA Y NOBHIU 6i0N08IOHO-
cmi 00 8umoe MisxcHapoOHOI KOHBeHYIl nPo NIO2OMOBKY MA OUNIOMYSAHHA MOPSKIE ma
necennst gaxmu STCW 3 maninocoxumu nonpaskamu 6io 2010 poky. Ilpaxmuuna niocomo-
6KA CYOHOBUX [THIICEHEeP-MEeXAHIKI8 HA MPEHANCepax € 3a6epuanbHOI0 CIMadicio meopemu-
yHo20 HaguaHuus. Ilpu pobomi na mpenasicepi ERS 5000 TechSim, inowcenep-mexanix (kyp-
cammy), 3acmMoco8yrouU HAABHI 3HAHHS, OMPUMYE 00C8I0, Oyaice OaU3bKULl 00 podbomu 8 pe-
ANIbHUX YMOBAX, I 0OHOUACHO 1i0e Npoyec YMOYHEeHHA Ma 3aKPInAeHHs 1020 MeopemuyHUX
3HAHb.

Knrouosi cnosa: mpenasicepne oonaonanns, ERS 5000 TechSim, diaenocmuxa, 08u2yH.

Description of the problem. Despite the installation of the latest energy systems and equipment
on ships, improvements in shore services and crew training, the number of ship accidents remains high.
The main cause of this situation is the «human factor».

This mainly concerns the appropriate actions of ship engineers during emergency and abnormal
conditions of ship power systems. In order to prevent such situations, special attention is paid to im-
proving the safety of ship operation through regular diagnosis of the ship's technical equipment.

Simulator systems are one of the priority directions in training for safe operation of marine power
plants. Simulation and training complexes that are as close as possible to the real ship machinery de-
partment allow cadets to acquire correct and stable skills.

Given the significance of simulator training in cultivating crucial professional skills and ensuring
safe operation while servicing the engine room of ships, its provision demands a comprehensive and
systematic approach. The present-day development and construction complexity of specialized equip-
ment, coupled with an increase in the number of tasks performed on it, necessitate technical expertise,
adherence to established protocols and procedures from ship engineers. Consequently, operator training
without the use of simulators is unfeasible. Simulators allow educational institutions to conserve re-
sources, minimize training expenses, reduce equipment damage, and practice actions in emergency sit-
uations such as fire, water ingress, and power plant control system failure.

Analysis of recent research and publications. Simulators can be linked together in a network
to practise interaction skills between several people. In this case, a common simulator computer with
multiple operator interfaces or separate simulator computers with a matching device between them can
be used. Separately, there is a class of simulators that do not use a specific hardware interface. These
are pure computer simulators (hereafter referred to as «computer simulators»). The role of the interface
in these simulators is performed by standard computer input/output devices: keyboard, mouse, monitor.
The use of such simulators is advisable in cases where there is no need to use special equipment in the
simulated objects and situations. An example would be simulators for decision making and developing
behavioural skills that are not directly related to the control of equipment. The following review provides
examples of existing training systems developed around the world. The selection of systems for review
has been made in order to cover the most diverse methods of implementation and areas of application,
as well as to identify the best examples of training systems.

The simulator can be as simple as a personal computer or as complex as a state-of-the-art multi-
processor minicomputer. The simulation computer is connected to the operator interface via an in-
put/output system. The operator interface may consist of control and monitoring panels, video terminals
and a distributed control system serving the video terminals. In most cases, the physical characteristics
of the HMI correspond exactly, or as closely as possible, to the specific process being simulated.

The software models used in the simulation computer realistically represent the interaction of the
components and systems of the simulated process. This is the most important part of the training system;
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the quality of the skills acquired depends on how close the simulation model is to a real object or situa-
tion.

The operator interface allows the learner to manipulate controls in a manner similar or identical
to that used in the actual process. The dynamic response of the simulator should be as close as possible
to the response of the systems and components of the real object.

The instructor interface allows you to control the operation of the simulator, select a training
scenario and the initial state of the simulated process, introduce failures of the simulated process or its
components, or change external factors. Some of the instructor's functions can be performed automati-
cally by the simulation model itself.

Peripherals include printers, alarm panels and any other equipment needed to enhance the realism
of the simulated environment or to document the training process.

Simulators are physical models that resemble real objects to a certain degree of accuracy. What
sets simulators apart is that external devices and blocks stimulate the operator's sensory organs, provid-
ing visual, tactile, and auditory cues, creating an impression of managing the ship's power plant [1, 2].

Scientists from California State University conducted research to investigate how different meth-
ods of information delivery impact the quality of information retention. The findings revealed that learn-
ers retain approximately 10% of what they hear, about 20% of what they read, and roughly 90% of what
they see, hear, and do [3].

The aim of the article is to describe the use of simulators in training for the safe operation of
marine power plants.

Objective is to emphasize the importance of simulator training in cultivating critical job skills and
ensuring safe operation in ship engine room maintenance.

Methods of the study:

1. Conducting a literature review to gather relevant research and papers on the use of simulators
for training in the safe operation of marine power plants.

2. Performing a comprehensive analysis of the Transas ERS 5000 TechSim engine room simula-
tor, including its functionalities and features.

3. Utilizing diagrams and tables to visually present the technical and operational aspects of the
LCC tanker and its propulsion system.

4. Providing a detailed account of the simulator training conducted with the Transas ERS 5000
TechSim engine room simulator, including its methodology and outcomes.

The structure of the study consists of an introduction, research problem statement, analysis of the
obtained results, and conclusions.

Problem Statement: To conduct technical diagnostics of the ship's power plant using training
equipment and software produced by TRANSAS - ERS 5000 TechSim. This version of the simulator is
designed to provide comprehensive and advanced training in normal and emergency situations [4-5].

Presentation of the main material.

Analysis of the obtained results. The software of the ERS 5000 TechSim engine room simulator
simulates remote control from the ship's central control station (CCS) using so-called «virtual equipment
panels» — Dedicated Hardware (DHW panels) combined into a separate DHW console. These panels
simulate equipment and can represent individual touch screens or pages on a monitor screen, such as the
«Propulsion» console or the virtual «Hardware» console, containing all displays for controlling and
monitoring ship systems, units, and mechanisms. The lower part of the simulator screen contains buttons
with page names. The list of items on the selected page will open as a pop-up menu [6].

The simulator covers the most important areas of training in full compliance with the requirements
of the International Convention on Standards of Training, Certification and Watchkeeping for Seafarers
(STCW) with the Manila Amendments of 2010. It meets the requirements of IMO conventions and
resolutions and IEC standards, and is certified by the Norwegian classification society DNV/GL (in
accordance with Standard for Certification of Maritime Simulators No. 214, October 2007) [4-6].

The Transas ERS 5000 TechSim engine room simulator includes 15-20 prototype ship models,
and diagnostics are performed on the LCC tanker model, the short technical and operational character-
istics of which are presented in Table 1.
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Table 1
Technical and operational characteristics of the LCC tanker

Tanker LCC (Large Crude Oil Carrier) (Aframax):

Maximum length 248.92 m
Overall width 43.8m
Draft by summer load line: 14,925 m
Deadweight 115000t

The propulsion system is a six-cylinder, two-stroke, single-acting, low-speed, crosshead-type,
with gas-turbine supercharging, reversible main engine of MAN B&W brand, model 6S60MC-C with
direct drive to the fixed pitch propeller (refer to Table 2).

Table 2
Technical characteristics of the propulsion system of the LCC tanker
Maximum continuous rating, MCR 13736 kW (at n = 105 min™)
Nominal continuous rating, NCR (85% MCR) 12364 KW (at n = 101 min™)
Operational speed of the vessel 155kn

Fig. 1 — General view of LCC tanker (Aframax)

Main engine (ME) diagnostics are performed using a Cylinder Combustion Quality diagnostic
panel (Cylinder Combustion Process tab) (Fig. 2) and an Indicator Diagram Comparison panel (Com-

parison tab) (Fig. 3).
E sk
3 ‘ [D‘

Fig. 2 — Diagnostic panel for fuel combustion process quality in engine cylinder
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Clicking on the Diag\Cylinder Combustion Process menu item opens an interactive ME diagram
that allows the effects of different fuel combustion qualities in the cylinders to be observed. It is also
possible to manipulate the combustion process by making online adjustments or entering disturbances
in real time.

The diagram includes:

* 1 selector switch — to select the required cylinder;

* 2 MAIN ENGINE — ME exhaust gas indicator;

* 3 rotation controllers (sliders) — to set the specified parameter values for introducing faults;

* Digital indicators for displaying the actual response of the ME system parameters;

* 4 CID button — to open the indicator diagram panel in a pop-up window [6].

e 00:00:00 e LELLLEERRRE

COMPARIZON

DAr  wm— INDICATOR DIAGRAM CURVE INJECTOR NEEDLE VALVE LIFT CURVE < COMBUSTION RATE CURVE :

o M
@63 061
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Fig. 3 — Indicator diagram panel

On the cylinder combustion process diagnostic panel for the main engine (ME), we have the ability
to simulate faults such as: ¢ contamination of the air filter for the turbocharger air inlet; contamination
of the gas component of the turbocharger air inlet; « contamination of the air cooler after the turbocharger
air inlet; * contamination from the cooling system; * temperature difference of the high temperature (HT)
cooling circuit; temperature difference of piston cooling; exhaust valve air spring density; damage (burn-
ing) of the exhaust valve; contamination or cracks in the fuel injector nozzle; changes in fuel supply;
changes in fuel injection timing angle; wear of piston rings.

Considering that damaged or worn piston rings in 2-stroke engines are difficult to diagnose based
on indirect parameters, the damage may not be apparent until it becomes serious. This article describes
the diagnosis of this particular fault.

The diagnosis is made using the following algorithm:

Take an indicator diagram of cylinder 1 without wear on the main engine piston rings (Fig. 4) and
store it in the diagnostic panel memory (Fig. 3). Record the engine parameters in the CMS, M/E Over-
view tab (Fig. 5).

Using the Piston Ring Wear Simulator on the Cylinder Combustion Diagnostic Panel (Fig. 2), set
the wear value of the main engine piston rings sequentially to 20%, 40% and 60%. At each piston ring
wear value, take a graph of Cylinder #1 and record the engine parameters in the CMS, M/E Overview
tab and the exhaust gas quality parameters in the Diag / Emission tab.
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Fig. 4 — Taking the indicator diagram in cylinder #1 with no wear on the piston rings in the
main engine
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Fig. 5 — Parameters of the main engine without worn piston rings in cylinder #1

Following the same methodology as described in Fig. 2, the piston ring wear level of the gas
turbine engine is set to 40% and 60%. Subsequently, an indicator diagram is taken at each position, and
the engine parameters are recorded. These indicator diagrams are saved in the diagnostic panel memory
for future reference.

For easier analysis, the ERS 5000 TechSim engine room simulator software provides the feature
of overlaying previously saved diagrams on the indicator diagram panel, as shown in Fig. 6. The numer-
ical values of the engine parameters are also displayed on the same screen and highlighted in the same
color as the graphs, enabling a comprehensive analysis of the engine's performance at different wear
levels of the piston rings.
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Fig. 6 — Indicator diagrams of different states of the main engine

As a result of the analysis of the changes in the gas turbine engine parameters and the indicator

diagrams themselves at different levels of piston ring wear, the following changes were identified, indi-
cating a change in the engine condition:

- A decrease in compression pressure Pc from 119 to 109 bar, CID;

- A decrease in mean indicated pressure Pi from 21.0 to 19.4 bar

- A decrease in maximum combustion pressure Pz from 154 to 147 bar
- An increase in the return oil temperature of the piston cooling system;
- An increase in the consumption of lubricating oil in the cylinder.

The graphs were made with a constant fuel supply.

Conclusions
The main advantages of using simulators in the training process are:
- The possibility of conducting laboratory work in a frontal method (all students perform a task at

the same time), which significantly increases the efficiency of this type of learning;

- The ability to model and safely investigate extreme and emergency modes of equipment opera-

tion;

- Ability to change experimental conditions extensively;
- Intensification of learning without losing the quality of material assimilation.
Practical training of marine engineers on simulators is the final stage of theoretical training. While

working on the ERS 5000 TechSim simulator, mechanical engineers (trainees) apply the acquired
knowledge, gain experience very close to working in real conditions, and at the same time the process
of refining and consolidating their theoretical knowledge is underway.
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JOCIIAKEHHSA ®AKTOPIB PUSUKY IIJIABAHHSA CYJHA
B AKBATOPII MOPCHKOI'O IIOPTY

Memorw cmammi € 6U3HAYEHHS, CUCMEMAMU3ayis ma ananis hakxmopie pusuxie 0is nio-
BUWEeHHs Oe3neKu NIABAHH MAHKEPA 8 aKeamopii MOpcbKko2o nopmy. Y cmammi posensi-
HYMO Memoou OYiHKU PU3UKIE MA YNPAGIIHHA PUSUKAMU NPU NIAHYE8AHHI NIAGAHHSA MAH-
Kepie 6 akeamopii nopmy. 3anpononosana Kiacu@pixayis paxmopie pusuxy niasaHus ma-
HKEpa 6 akeamopii MOPCbKO20 NOPpMYy 3d N ’amovMa KIACAMU. KIAc pU3uKie ujodo cmpykK-
mypu nopmy ma to2o aKeamopii; Kiac pusuxie wooo 2i0pomemeopoioiuHux YUHHUKIG,
K1aC pusuKie o000 Keposanocmi CyOHa, Kiac pu3uKis wooo mexHivHux 3acodié ma memo-
0i8 CYOHONIA8CMEA; KIAC PU3UKI8 U000 cucmemMu ynpasints cyOHONIA8CTNEOM 8 AK8AMO-
pii nopmy. 3anponoHo8ano nposoOUmY KilbKiCHY OYiHKA PUUKIE, W0 ONUCYIOMbCS, 3a 00-
nomoeoio koepiyicumis besnexu. Lli koegpiyicumu be3nexu ompumyromoscs Ha OCHOBI eKC-
NepmMHUX OYIHOK, 5IKI 8i000paANCAIOMb CKAAOHICHb BUKOHAHHS AHANI308AHUX onepayill, o
8I0N06I0AE NPULHAMUM NIOXO0AM Y MOPCOKOMY CYOHONIABCMEL. 3 YPAXYBAHHAM 82iCe PO3-
POOIEHUX NPAKMUKOIO0 MemOo0i6 IHmYyIimusHoi oyinku Hebes3nek, Koepiyicumu besnexu (01
KOXCHO20 (hakmopy pu3uKy) 8UHaAUaomoca uepes cmyninyacmy ynxyiro. Hatibinow cym-
MEBUM HAYKOBUM PE3VAbMAMOM € CIMBOPEHH €0UHO020 Ni0X00y w000 KilbKiCHOI OYiHKU
07151 BCIX BPAX0BAHUX (PaKMOPI8 puzuKky ma nobydosa oepesda (haxmopie pusuxy niasaHHs;
maukepa 8 akeamopii Mopcvko2o nopmy. Lle € ocHo8010 018 HACMYNHO20 emany OYiHKU
Koepiyienma nasicayiiinoi besnexu NiaeanHs 8 aKkeamopii nopmy ma po3pooKu KOMNIEK-
CHOI MoOeni ananizy pusuxis. Taxum YuHoOM, NPOBeOCHUL AHALI3 MONCIUBUX PUUKIG, NOB'-
SA3aHUX 31 BNAUBOM DIZHUX (hakmopie Ha be3neKy Hagieayii maunkepie 6 aKk8amopii Mopco-
Ko2o nopmy. Li pusuxu oxonaooms wiupoke Koo 6NIUBIE, BKAI0OUAIOYY CINPYKINYPY HOPHLY
Ma akeamopito NOPMy, BNIUE 2I0POMEMEOPONOTUHUX PAKMOPI6, XapaKMepUCmuKy cyona
ma 1020 KeposaHicmy, a MAKONC OP2AHI3AYII0 KOHMPOIO MA YAPAGIIHHSA PYXOM CYOeH Y

" 3000y6auxa cmynens Ooxmopa inocoghii, Jepacasnuii ynigepcumem ingpacmpykmypu ma mexmonozii,
m. Kuis, ORCID: 0000-0002-1546-5914
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