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AN EXPRESS METHOD OF FORECASTING THE
DEVELOPMENT OF DEGRADATION PROCESSES IN SHIP’S
MECHANISMS USING CURRENT INFORMATION
THROUGH ON-BOARD INSTRUMENTS

K. Bopsak, O. Ienamenko. Excnpec-MeTo] NPOrHO3YBaHHS PO3BUTKY JerpajauiiiHuX mpoueciB B KopadeJbHMX MeXaHi3max 3
BHKOPHCTAHHSIM NOTO4HOI iHdopmanii 3 6opToBux npuaaxiB. [IponoHyeTbesi Ha MOKa3ax BUMIPIOBAIbHHX NPHJIAAIB HaHeni OOpTOBOI
CHCTEMHM YIPABIIHHS Ta KOHTPOJIO SKCIUTyaTaliffHMX IapaMeTpiB eKCIUTyaTallii eHepreTHdHoi yCTAaHOBKHM OOHOBOro KaTepy moOyayBaTH
HOBUH €KCIIPEC-METO ONEPATUBHOI OL[IHKH IIOTOYHOTO TEXHIYHOTO CTaHy 1€l ycTaHOBKU. Excripec-MeTos liarHOCTyBaHHS MPOIOHYEThCS B
SIKOCTI JTOIIOMDKHOTO JpKepelia IIOTOYHOT TeXHIYHOI iH(popManil, sKa HaJaeThesl YWICHAMH EKiaXKy CEepBICHOMY TEXHIYHOMY MEpCOHATY IpU
MOBEPHEHHI B raBaHb. EKchpec-MeToJl He MOXKE 3aMIiHHTH IHCTPYMEHTAJIbHHHA METOJ IiarHOCTYBAaHHS i3 3aCTOCYBaHHSM CEPBICHHMH
IH)KEHEepaMH CIIelialIbHUX TeXHIYHUX NMPUJIAIiB 3 METOI0 OTPHMaHHs KOPHCHOI iH(popMaii, sSIKuil 31iiCHIOEThCsl Ha Oepesi MmiJ 4ac CTOSHKU
Kopabust Ol mpuyaimy, a CKOpIill CIYXHTh JOMOMDKHMM JO HBOrO, i BHKOHYE pOJIb CHIHAIBHOTO 3al00DKHHKA BHHUKHEHHS
HenepeadauyyBaHUX aBapiiHUX CUTYalliil B MOPi B IPOMIDKKY Yacy MiXK CEPBICHMMH IHTEpBaJlaMU TEXHIYHOTO oOcCiyroByBaHHs. [IpoBeneHo
PAI HaTypHHUX EKCIIEPUMEHTIB 3 METOI BH3HAYCHHS HaifOinbmI iHQOPMATHBHMX mMapamerTpiB, Ul ONEPaTHBHOI OIIHKM TEXHIYHOTO CTaHy
CKJIAJIOBHX YaCTHH €HEPreTHYHOI YCTAHOBKH, 3HAYCHHS AKHMX 3MIHIOIOTHCS B Uaci. 3po0ieHo OLiHKY Ta aHaji3 MapaMeTpUYHHUX MOKa3HUKIB,
o BUae OOPTOBA CHCTEMa KOHTPOJIKO TEXHIYHOTO CTaHy, 31 3MILIEHHSIM Nepioy MPOBEJCHHS ONEPaTHBHOIO KOHTPOJIIO HA €Tali MporpiBy
arperary 4Yu MeXaHi3My, 3 BHKOPHCTaHHSAM YJOCKOHAJICHOI METOAMKM JiarHOCTHKHM 33 EMIIPHYHHM KpPHTEPIEM MHIBHAKOCTI 3MiHH
BHU3HAYaJIbHUX TapaMeTpiB y (ikcoBaHmii mepion wacy. OTpHMaHi NPOMiXHI 3HAa4eHHs IIBUJKOCTI 3MiHM TEBHMX GKCIUTyaTalliffHHX
napaMeTpiB Ta BH3HAUCHI LUISIXM OTPUMAHHS IPAHUYHHMX MEX KPUTHYHHX 3HA4YCHb, HAOMMKEHHS N0 SKUX 30UIbIIye IMOBIPHICTH BTpATH
Tpare31aTHOCTI CYI0BOTO AN3EIBHOTO JIBUTYHA T4 PU3HK CIIPOMOKHOCTI KOpabiIs BUKOHYBATH CBO 3aBJIaHH.

Kniouosi cnosa: omnepaTvBHA OI[IHKAa TEXHIYHOTO CTaHy, MOHITOPHMHI €KCIUTyaTalliffHMX IapamMeTpiB, IMIBHAKICTH 3MiHM y daci
napameTpiB, 00pTOBa cUCTEMa KOHTPOIIIO JU3EIbHOTO JBUI'YHA

K. Boriak, O. Ihnatenko. An Express Method of Forecasting the Development of Degradation Processes in Ship’s Mechanisms
Using Current Information through On-Board Instruments. The article proposes a novel express method for the prompt evaluation of the
current technical condition of a combat boat’s powerplant to forecast the development of degradation processes in the assemblies
(mechanisms) of this powerplant during operation in order to prevent the occurrence of unforeseen failures when the boat performs her
combat missions, as well as to adjust the timing of maintenance (repairs) based on the analysis of the monitored values of the determining
parameters. One of the key roles in the method proposed is played by the control panels of the on-board system for monitoring the operating
parameters of the boat’s powerplant. It is supposed that the developed diagnostic express method of will become an auxiliary source of
current technical information that is provided by the ship’s (boat’s) crew members to the maintenance and repair department personnel for
further analysis and decision-making when the boat comes back to the harbor. The article presents the results of full-scale experiments
conducted to determine the most informative parameters for the prompt evaluation of the technical condition of the components of a ship’s
powerplant, the values of which change through time. A detailed analysis of the parametric values generated by the on-board technical
condition monitoring system is shown, taking into account the shift in the period of the prompt evaluation to the stage of heating-up of the
unit (mechanism) using an improved diagnostic technique based on the empirical criterion of the rate of change in the values of the
determining parameters in a fixed period of time. The obtained intermediate values of the rate of change in certain operational parameters are
presented and ways of obtaining the limits of critical values are determined, approaching which increases the probability of loss of
operability of the diesel engine and therefore increases the risk of the ship’s inability to perform her tasks.

Keywords: prompt evaluation of technical condition, monitoring the operational parameters, rate of change in parameters through
time, on-board monitoring system of diesel engine

1. Introduction

The Decree of the President of Ukraine “On the decision of the National Security and Defense
Council of Ukraine” dated July 17, 2024 approved the “Maritime Security Strategy of Ukraine”. This
Strategy is based on certain principles, in particular on the “development principle” — expanding,
strengthening, and enhancing the state’s maritime and river potential with the aim of reliably ensuring
national interests and ensuring maritime security, on the basis of which the priority of tasks was formu-
lated — “Transforming Ukraine into a powerful maritime and river state, expanding the naval potential
sufficient to deter potential aggressors in maritime and river directions, restoring and developing the
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maritime and river potential of Ukraine”. The implementation of this priority is impossible without main-
taining and building up the potential of the naval forces, in particular the ship and boat composition.

Russia’s full-scale aggression against Ukraine, as well as the hybrid components and technologi-
cal nature of modern wars, have forced many design organizations, scientific institutions, and scien-
tists to take a new look at the problem of the trouble-free operation of ship’s technical equipment.

On the one hand, there was a loss of individual ship-repair capacities of the state (as a result of
the seizure of individual territories of Ukraine or partial destruction of ship-repair capacities, as well as
by reason of the impossibility of performing the scheduled maintenance and repair work in the zone of
active combat operations and a high degree of missile danger for existing enterprises), which led to a
change in the conditions and circumstances of performing the scheduled maintenance and repair work.
On the other hand, there was an intensive use of the ship and boat composition in conditions of limita-
tion of logistic chains for the technical operation system of the Navy of the Ukrainian Armed Forces
by reason of a shortage of qualified technical personnel for the maintenance and repair of ship’s tech-
nical equipment. Here we can also add the factors of physical and psycho-emotional exhaustion of
personnel and changes in the requirements for the level of professional training of navy sailors in con-
ditions of uncertainty and rapid change in the combat situation, which ultimately increases the risk of
accidents and breakdowns of technical equipment associated with errors by the crew or defense indus-
try workers.

Thus, the search for ways to further improve the processes of technical operation of ship’s tech-
nical equipment (including boats) of the Ukrainian Navy under the conditions of the martial law legal
regime, in particular, improving solutions to the problems of monitoring the current technical condi-
tion, forecasting, and preventing possible failures of ship’s technical equipment including marine die-
sel engines, is an extremely urgent problem.

2. Analysis of Published Data and Statement of the Problem

The development of the theory and the preparation of methods and tools for diagnostic monitor-
ing are directly related to the complexity of the processes occurring in the units and mechanisms of the
ship’s powerplant (including marine diesel engines), as well as the influence of other factors on their
operability — namely, physical wear of parts and mechanisms as a result of the impact of natural pro-
cesses associated with friction, corrosion, and other physical and chemical processes; loss of initial
properties of materials (metal fatigue, reduction of elastic properties of rubber products, etc.); violation
of the mating of individual elements and assemblies (inconsistency of the parameters of the mutual
arrangement of the shafts of the mechanisms standardized by the operating documentation, etc.); hu-
man error (insufficient professional training, physical and psycho-emotional fatigue, etc.).

An important factor in the creation and operation of vital products and objects, components, and struc-
tures is the evaluation of their reliability using nondestructive methods. Today, at least ten different types of
nondestructive evaluation of the technical condition of an object are known: acoustic, vibroacoustic, eddy-
current, magnetic, optical, with penetrants, radiative, thermal, electrical, radio-wave [1]. Each of the listed
methods has its own area of application and inherent disadvantages, which means that there is no univer-
sal method of nondestructive evaluation of the technical condition of an object.

Currently, in the theory of diagnostic monitoring of technical equipment, three groups of methods are
most widely used: the diagnostic methods by the parameters of working processes, the diagnostic methods
by the parameters of accompanying processes, the diagnostic methods by the structural (geometric) param-
eters that directly characterize the state of the units and assemblies of the powerplant [2, 3].

The diagnostic methods by the parameters of working processes (1st group) are based on deter-
mining the technical condition of a mechanism through observing the dynamics of changes in its oper-
ating parameters, such as the temperature of exhaust gases or coolant under various operating modes,
pressure values, and oil quality. The use of these parameters directly characterizes the state of units
and mechanisms, which is an advantage of such methods. In the methods of this group, the simulation
of fast and load modes of operation of technical equipment, determination of initial parameters under
given conditions and subsequent comparison of their values with reference ones are applied. At the
same time, despite a certain simplicity of technical implementation of these diagnostic methods and
the facility of measuring the parameters controlled, their general disadvantage is the analysis of only
individual processes occurring in a diesel engine — namely, processes occurring in plain bearings and
combustion processes of the fuel-air mixture, which does not fully allow evaluating the actual state of
the entire engine.
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The 2nd group of diagnostic methods by the parameters of accompanying processes expands the
possibilities of the methods of the 1st group at the expense of the analysis of indices (by thermal field,
noise, vibroacoustic processes, etc.) that indirectly affect the operation of technical equipment, in par-
ticular units and assemblies of a marine diesel engine and thereby they form the subset of internal pro-
cesses. These methods have become a certain symbiosis of several separate subcategories of nonde-
structive evaluation — namely, diagnostic methods for the tightness of work objects; thermal methods;
diagnostic methods for units and systems by the parameters of oscillatory processes; methods that al-
low evaluating the condition of units and assemblies by the physical and chemical composition of ex-
haust gases and materials used. Each of the listed components of these methods involves monitoring a
specific unit or assembly, in particular the cylinder-piston groups of internal combustion engines, the
fuel injection equipment of diesel engines, the lubrication system of internal combustion engines, etc.
The main advantage of these methods is the evaluation of the condition of not only individual units
and assemblies, but also the analysis of the processes occurring in them by the corresponding parame-
ters. From the point of view of the universality of the diagnostic system based on these methods and
its adaptability to monitoring the actual state of diesel engines, it is not universal for diesel engines of
all types (low-speed, medium-speed and high-speed). And from the point of view of technical imple-
mentation, such a diagnostic system for a single diesel engine, in particular a marine engine has a large
number of sensors that differ in their operating principle and design, which in turn requires a solution
to the issue of the reliability of such a system and the elimination of errors.

The 3rd group of methods is based on the evaluation of objective geometric parameters (gap, slack-
ness, free play, offset, etc.) which directly character the state of the unit or mechanism. Despite the sim-
plicity of such methods, the diagnostic operations used in them suppose the consideration of certain de-
sign features of technical equipment, which are associated with solving the problem of accessibility and
ease of conducting the direct measurements on certain assemblies subject to diagnostics.

The choice of one or another method of diagnostics of the technical condition of ship’s mecha-
nisms and equipment depends primarily on the tasks of diagnostics, measuring means, and ways of
measuring parameters controlled, as well as the physical nature of the processes on which the opera-
tion of the assemblies controlled is based. In addition, determining the technical condition of both the
engine as a whole and its individual systems and mechanisms requires a significant number of diag-
nostic operations, which leads to significant losses of time and is unacceptable from the point of view
of diagnostics efficiency.

The capability to conduct an operational evaluation of the technical condition of both a complex
diagnostics system (diesel engine, gearbox, generator, etc.) and simple objects (injector, bearing,
valve, etc.) makes possible warning about highly probable failures during their operation. In order to
increase operational time and prevent unexpected breakdowns within complex systems associated with
fault detection and diagnosis, some enterprises have implemented application of so-called deep learn-
ing models [4]. To implement a so-called smart factory at the Industry 4.0 level, in many countries,
predictive maintenance systems are introduced into production [5, 6], and in China, for example, sci-
entists have attempted to create standard databases for fault diagnostics to avoid repeating studies [7].

The author of dissertation [8] investigated diagnostic methods based on measuring and analyzing
those parameters, the changes of which characterize the engine condition to the greatest extent. The
essence of such methods is that in order to check the performance of a diesel engine, it is necessary to
control only two parameters — temperature and smoke content of exhaust gases. Then the author de-
termined that the most advanced method for diagnosing wheeled vehicles under operating conditions
is the method based on the dependence of the speed of sound on the temperature of gases. In this case,
the dependence is instantaneous in nature and acoustic temperature sensors are most suitable for its
determination, which allow recording instantaneous values of the exhaust gas temperature at the outlet
section of the exhaust pipe.

The authors of paper [9] showed that the solution to the scientific and practical problem of complex
diagnostics of marine diesel engines can be realized through the use of modern high-performance micro-
controllers with wireless interfaces and built-in analog-to-digital converters with low overall power con-
sumption, which makes it possible to develop a portable parametric diagnostics system for marine en-
gines that operates in real time. Such a system is based on the use of modern devices with Android or
iOS mobile platforms, which receive information from sensors via Bluetooth system, and then perform
the necessary calculations and display current data and diagrams. In addition, this real-time diagnostic
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system makes it possible to conduct the optimal adjustment of the relevant mechanisms and control of
the result of their adjustment during operation. In the working principle of such a system, a combination
of a gas pressure sensor in the working cylinder and a vibroacoustic sensor is applied, which expands the
diagnostic capabilities of marine diesel engines under operating conditions.

After studying various diagnostic methods, we came to the conclusion that the most practical so-
lution for constructing an express method for diagnosing diesel engines of high-speed floating plat-
forms is a parametric diagnostic method by the parameters of accompanying processes.

The authors of paper [10] proposed a method of passive thermal control for the prompt evalua-
tion of the technical condition of rolling bearings, which is based on studying the heating rate of the
bearing. The advantage of this approach is the assessment of the technical condition of friction assem-
blies by the empirical criterion of the heating rate and the shift of the period of the prompt evaluation
when starting the unit or mechanism as an indirect criterion of the operability of bearing by its thermal
state [11].

However, despite the improvement of the diagnostic method by the parameters of accompanying
processes based on the empirical criterion of heating rate and the shift in the period of prompt evalua-
tion during the start-up of a unit or mechanism, it does not allow obtaining complete information on
the actual state of a marine diesel engine during start-up as the most unfavorable operating mode of the
engine, since in conditions of intensive use of diesel engines of the ship and boat composition of the
Ukrainian Navy (often under conditions of extreme loads), active counteraction by the enemy, as well
as physical and psycho-emaotional exhaustion of the crew, it is necessary to find a reliable design solu-
tion for the problem of creating the system for prompt evaluation of the actual state of the operating
engine [12]. Such a solution should be relatively inexpensive and easy to use, as well as take into ac-
count the advantages and disadvantages of existing diagnostic methods and their design solutions.

An analysis of the latest published researches has shown that the task of predicting the develop-
ment of degradation processes in the main ship’s diesel plant using standard on-board information sys-
tems remains insufficiently studied and disclosed from the point of view of prompt evaluation of the
operating parameters of the engine and its servicing systems, especially during the most unfavorable
transient operating modes.

3. The Purpose and Tasks of the Research

The purpose of the research is to forecast and study the dynamics of the development of degrada-
tion processes in a marine diesel engine during its operation as part of a ship’s powerplant, which will
allow reducing the probability of its failure during the performance of a combat mission by a ship
(boat) and subsequent loss of her operability, as well as to lay the foundation for the implementation of
a strategy of predictive maintenance by the actual current condition in the maintenance and repair sys-
tem departments of the Ukrainian Navy.

One of the most important prerequisites for ensuring the no-failure operation of the main and
auxiliary mechanisms of ship’s powerplants (including boat’s ones), especially when they perform
combat and special missions, is monitoring and technical evaluation of the determining operating pa-
rameters. Availability of information on the current values of the defining parameters of ship’s mecha-
nisms during operation allows the crew to promptly respond to changes in the technical condition of
the powerplant, track the emergence of hidden defects and monitor the progress of degradation pro-
cesses, as well as timely notify technical maintenance and repair departments about any technical
problems identified.

Based on operational technical information provided by the ship’s crew, specialists from the
technical maintenance and repair department conduct unscheduled (before the scheduled maintenance
date) instrumental diagnostics of the mechanisms and, after analyzing the results of measuring the de-
termining parameters, make a decision on the need for conducting the maintenance or repair of a spe-
cific unit in the ship’s powerplant. The availability and application of such an express method of fore-
casting in practice will allow avoiding unpredictable emergency situations when ships are in the open
sea. Since the ship’s crew members have free access only to information from on-board digital panels,
which is transmitted from measuring instruments, it becomes logical to build this express method us-
ing the available data through the panel of on-board information systems for monitoring and control-
ling the ship. To achieve this, it is necessary to develop appropriate algorithmic support and a formal-
ized description of degradation phenomena during technical diagnostics of a powerplant. In addition,
there is a need for a conditioned formulation of the tasks to be performed, formalization of diagnostic
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procedures, as well as optimization of the choice of determining parameters and standardization of the
readings of the critical technical condition of the powerplant by direct or indirect methods of their
measurement.

To develop the express method of forecasting based on the prompt evaluation and analysis of
parametric values generated by the on-board technical condition monitoring system (with a shift in the
period of prompt evaluation to the stage of heating up the unit or mechanism), as well as an improved
diagnostic technique by the empirical criterion of the rate of change of determining parameters in a
certain period of time, the following set of research tasks to be performed was singled out:

— Studying the interdependence of the readings on the on-board display panels of the measuring
instruments of operational parameters with each other, choosing the determining parameters that are
traced by the dynamics of changes through time, linking these changes with the degradation processes
monitored (preferably with the specification of the main assemblies of the ship’s powerplant).

— Determining the critical limit values, approaching which increases the probability of loss of op-
erability of the ship’s diesel engine and the risk of the ship’s inability to perform her missions.

— Conducting full-scale experiments with the aim of confirming and refining the critical values of
the operability of mechanisms by the criterion of the rate of their change in fixed time intervals with
the involvement of specialists from the maintenance and repair department of the ship’s powerplant
for the possibility of introducing the developed express method into the practice of current monitoring
of the technical condition as an auxiliary source of technical information during the interim period be-
fore conducting the scheduled maintenance.

4. Materials and Methods of the Research

Modern combat ships (boats) are equipped with on-board information systems for controlling and
monitoring the technical equipment. The values of operational parameters that reflect the technical
condition of the participating mechanisms of the powerplant during operation are generated on the
screens of digital displays of the ship or boat’s control and monitoring panel (see Fig. 1).
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Fig. 1. Digital displays of the control and monitoring panel of the powerplant,
which are installed on modern high-speed combat boats

The powerplant of the small armored artillery boat of project No. 58155 with two main diesel en-
gines of the CAT 18 ACERT type from Caterpillar Co. was chosen as the object of the scientific re-
search. To control and monitor the powerplant, the ship (boat) is equipped with an on-board integrated
information system.

The main component of the system is the electronic engine control module (ECM) with a hard-
ware and software complex for conducting the technical diagnostics of engines. This module conducts
the evaluation of the technically sound functioning of the components of the main powerplant (MPP) —
namely, main engines, diesel generators, auxiliary mechanisms and systems, gearboxes; performs
monitoring of the technical condition of the object by a binary indication (direct and indirect); solves
the problem of recording violations of the normal operation of the MPP. Subsequently, based on the
results of the evaluation of all the information tracked, specialists from the maintenance and repair
department develop recommendations for the prolongation of operation or perform the control actions
to change the operating modes of the MPP.

The disadvantage of such a monitoring system is that the maintenance and repair department per-
sonnel gain access to information about the state of the mechanisms only after the ship returns to her
base, and in the open sea the ship’s (or boat’s) crew is not sufficiently knowledgeable in the analysis
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and interpretation of the coded results of monitoring from the ECM, which is very important when
performing a combat mission. In addition, in the practice of applying scheduled maintenance to ships,
the maintenance and repair department takes information from the ECM at fairly long intervals: usual-
ly between the time intervals established by the regulations or when an emergency situation occurs
(i.e., without taking into account the scheduled maintenance or repair). The introduction of the pro-
posed express method is aimed at preventing and excluding the occurrence of such an emergency situ-
ation in the open sea and proposed as an auxiliary source of technical information, which is provided
by the crew members of the combat ship to the personnel of the maintenance and repair department for
further analysis and decision-making. At the same time, it should be noted that the express method is
not able to replace the instrumental technical diagnostics of professional specialists of the maintenance
and repair department, but only warns first of all the ship’s crew, and then the specialists of the
maintenance and repair department about the need for conducting the unscheduled maintenance of the
mechanisms. In a sense, the express method can become a kind of “safety device” against unpredicta-
ble emergency situations in the open sea, which would work in time and warn of the danger of further
operation and the approaching threat of failure of technical equipment.

Monitoring of the operating parameters of the engines controlled by the ECM occurs in real time
with the ability to reflect their current values on digital displays of the control and monitoring panels
on each of the two on-board autonomous groups: two multifunctional panels with color display for
generating information within the main command post and two control panels with digital display for
the boat’s engines in the engine room (see Fig. 2).

Fig. 2. On-board system for monitoring the operating parameters of the boat’s powerplant: (a) multifunctional
panel with color display; (b) control panel with digital display for the boat’s engine

Both displays can reflect information in the format of sensor image and also in the digital or
graphic format. In addition, the on-board integrated information system for controlling and monitoring
the ship’s equipment can be programmed by the maintenance and repair department for recording the
operating parameters and accumulating the recorded information.

The most informative data related to determining the operability of the main powerplant turned out to
be the data transmitted from the ECM to the boat’s engine control panel in the engine room. This panel
allows conducting not only remote control of the actuators for starting and stopping the engine, but also
carefully monitoring the engine operation data together with the gearbox taking into account providing the
operator with information about their current state, recording and notifying the deviations of parameters
from standardized logbook values (in digital, color and sound formats), generating diagnostic messages and
registering them. In addition, this control panel has the capability to preset engine operating time intervals
to warn and notify about the need for conducting the maintenance work.

It should be added to the aforesaid that Caterpillar Co. diesel engines with electronic control sys-
tems are equipped with a self-diagnostic system. For example, when an “active” abnormal condition is
detected in the system at a certain moment, a visual notification is transmitted to the personnel servic-
ing the powerplant by lighting up the diagnostic indicator. In this case, the information or nature of the
abnormal situation is not displayed on the screen, but is recorded in the permanent memory of the
ECM in the form of diagnostic codes, which can only be read using specialized computer equipment
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in Caterpillar Co. maintenance and repair departments (Caterpillar Electronic Technician Software).
Thus, based on the aforesaid, it follows that the capabilities of the combat boat’s crew to quickly eval-
uate the technical condition of the engine and prevent failures are very limited and are reduced to visu-
ally monitoring the operating parameters of the mechanism. But this does not always help prevent any
emergency situation, especially when it concerns high-speed combat boats while they are performing
combat or special missions.

Within the scope of this research and the task of determining the numerical values of parameters
that change their values during the operation of the powerplant, a series of test measurements of the
current operating indices of the main engine of the CAT 18 ACERT type in maximum power mode
were carried out with a measurement interval of 3 minutes (see Table 1).

Table 1
Results of measurements of the current operating indices of the main engine
of the CAT 18 ACERT type in the maximum power mode
Description of index Test 1 Test 2 Test 3 Test 4 Note
Power, kW 823.62 850.41 854.07 853.02 Engine Load
Rotation frequency, rpm 2350.58 2300.88 2251.01 2199.90 Engine Speed
Fuel consumption, g/min 3109.126 3120.72 3086.06 3074.85 Fuel Rate
Fuel inlet temperature, °C 29.82 30.36 29.70 29.23 Fuel Temp
Coolant inlet temperature, °C 75.80 75.43 75.04 74.88 Coolant Temp
Coolant outlet temperature, °C 80.12 80.04 79.69 79.62 Coolant Temp
Exhaust manifold gas temperature, °C| 270.01 270.01 270.01 270.01 Manifold Temp
Oil pressure, kPa 459.36 455.54 453.42 452.26 Oil Pres
Charged air pressure, kPa 266.00 265.50 265.50 268.00 Charge air Pres

Preliminary analysis of the obtained results showed that the most informative parameters for the
prompt evaluation of the technical condition of the components of the powerplant are the parameters whose
values change through time. Such parameters include: coolant temperature (Coolant Temp), diesel oil pres-
sure (Oil Pres), charged air pressure (Charge air Pres), and fuel consumption (Fuel Rate), which can be
conditionally considered as determining parameters for the development of the express method.

To perform the set tasks, a series of full-scale experimental studies were conducted on two boats
of project No. 58155 with identical CAT 18 ACERT (Caterpillar) diesel engines with different work-
ing life (the working life of the main diesel engines of boat No. 1 was 76.6% before the 1st scheduled
maintenance (repair), and the working life of the main diesel engines of boat No. 2 was 54.1%, respec-
tively). Measurements of the chosen operating parameters were carried out in a certain initial operating
mode of the diesel engines with an interval between measurements of 1 minute by photographically
recording numerical values characterizing the current technical condition of the units and assemblies
of the above-mentioned diesel engine.

When analyzing the obtained values and evaluating their practical significance for further re-
search, the most informative parameters were finally determined and singled out, the values of which
change through time and which can be used as diagnostic criteria for the for the prompt evaluation of
the technical condition of the components of the powerplant. Such determining parameters include:
coolant temperature (Coolant Temp), diesel oil pressure (Oil Pres) and fuel consumption (Fuel Rate).

Based on the data obtained, graphical dependencies were constructed by the criterion of the rate
of change in the obtained values of the determining parameters of the operation of diesel engines
through time (one main starboard diesel engine on each boat), which are presented in Figure 3 (the
colors of the jogged lines and their numerical values correspond to the number of tests performed).

The investigation of the operating modes of the boats’ diesel engines has shown that, with identi-
cal constant loads and rotation speeds, the technical condition of the mechanisms is characterized by
the regularities of change in their operating parameters, and especially the thermal index (since the rate
of change in oil pressure directly depends on its temperature). At the same time, during the operation
of diesel engines, three time phases of their thermal stress can be distinguished, which are matched
with the uneven mode, regular mode, and stabilized mode of engine heating-up with a corresponding
change in values of the most informative parameters determined above.
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Fig. 3. Graphic dependencies by the criterion of the rate of change in the values of the determining parameters of
the operation of diesel engines through time: (a), (b) characteristics of the starboard diesel engine of boat No. 1;
(c), (d) characteristics of the starboard diesel engine of boat No. 2

METPOJIOI'A, CTAHAAPTU3ALIA I CEPTUDIKALLA



ISSN 2076-2429 (print) 139

ISSN 2223-3814 (online) Proceedings of Odessa Polytechnic University, Issue 2(70), 2024

Having analyzed the graphical dependencies of the determining parameters from the moment of
starting the diesel engine in the heating-up mode (i.e., from the moment of starting the engine until
some stabilization of its operating parameters has been achieved), it was established that the main
changes in the values of the parameters occur before the beginning of the 11™ minute of the engine
operation period in idle mode, and this makes it possible to forecast the occurrence of a breakdown
(emergency) with sufficient probability and quickness, and also to check the technical condition of the
mechanism at the initial stage of its operation.

In addition, it was ascertained that after starting the engine, in the interval from the 1st to the 4"
minute of its operation, an uneven change in the values of all operating parameters is observed, which
is characterized by instability of the modes of thermal and mechanical load on the engine. The time
interval between the 4™ and 11™ minutes of operation is characterized by regular jumps and changes in
the values of operating parameters with characteristic peak zones, which corresponds to the transient
mode in the process of growing the values of operating parameters and is the most informative phase
during engine operation. The last phase, which occurs at the 11" minute, differs by continuity of in-
creasing in the values of operating parameters and characterizes the process of stabilized operating
process of the diesel engine.

5. Results of Physical Analysis

When comparing the graphical dependencies by the rate of change in the values of the oil pres-
sure and coolant temperature parameters for the engines of boats No. 1 and No. 2 with different work-
ing life before the 1st scheduled maintenance (repair), the following can be stated (see Fig. 3a, 3c).

In the time interval from the 4™ to the 11™ minute, which corresponds to the phase of regularity
of the change in the determining parameter, the rate of change in the oil pressure values within the
main diesel engine on the starboard side of boat No. 1 (see Fig. 3a) with a working life of 76.6% be-
fore the scheduled maintenance (repair) decreases from 30 to 10 kPa/min. In the same time interval
from the 4™ to the 11™ minute, the rate of change in the oil pressure values within the main diesel en-
gine on the starboard side of boat No. 2 (see Fig. 3c) with a working life of 54.1% before scheduled
maintenance (repair) fluctuates within the range of 15...5 kPa/min, which is 2 times less than that of
the engine of boat No. 1.

It can be assumed that this difference in the change in the values of the determining parameter
(oil pressure) within the main engine of a third-party boat with a working life close to 99.9% before
scheduled maintenance (repair) will be even greater in the time interval from the 4th to the 11" mi-
nute, more than 30 kPa/min, and using interpolation (linear interpolation with respect to the values of
the working life of the main engines 76.6% : 54.1% =1.42), it can be stated that this value will not be
lower than 42 kPa/min. In addition, it can be seen from the image (see Fig. 3a, 3c) that such a depend-
ence of values doesn’t has the linear nature, therefore it can be stated with a high degree of probability
that this value will even exceed the value of 42 kPa/min (taken as the estimated one). To confirm the
aforesaid, it is necessary to conduct additional similar full-scale measurements within the main diesel
engine of a third-party boat with a working life close to 99.9% before scheduled maintenance (repair).

The obtained maximum value of the rate of change in oil pressure within the main engine in the
time interval from the 4™ to the 11™ minute can be taken as standardized one for the express method of
diagnosing technically sound main engines by crew members in the open sea, and accordingly all oth-
er values of the determining parameter (rate of change in oil pressure), which exceed the established
standardized value, are quite appropriate to consider as critical ones for the main engines, which is
associated with the acceleration of degradation processes in the intermediate period of time between
the conducting of scheduled maintenances (repairs).

To confirm the conclusions made regarding the criticality or non-criticality of changes in the pa-
rameters within the ship’s main diesel engine during monitoring of its technical condition using the
available measuring instruments on the on-board control panel, it is quite reasonable to study another
determining parameter when conducting diagnostics, therefore an analysis of the graphical dependen-
cies of the change in coolant temperature through time was made in the same time intervals as in the
case of the oil pressure parameter (see Fig. 3b, 3d).

In the time interval from the 4y, to the 11™ minute, which corresponds to the phase of regularity
of the change in the determining parameter, the rate of change in the coolant temperature values within
the main diesel engine on the starboard side of boat No. 1 (see Fig. 3b) with a working life of 76.6%
before the scheduled maintenance (repair) decreases from 3 to 1 °C/min. In the same time interval
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from the 4™ to the 11" minute, the rate of change in the coolant temperature values within the main
diesel engine on the starboard side of boat No. 2 (see Fig. 3c) with a working life of 54.1% before
scheduled maintenance (repair) fluctuates within the range of 2...1° C/min, which is 1.5 times less than
that of the engine of boat No. 1.

By analogy with the line of reasoning on the oil pressure parameter, it can also be assumed here
that this difference in the change in the values of the second determining parameter (coolant tempera-
ture) within the main engine of a third-party boat with a working life close to 99.9% before scheduled
maintenance (repair) will be even greater in the time interval from the 4™ to the 11" minute, more than
3 °C/min, and taking into account the conducted interpolation with respect to the values of the work-
ing life of the main engines (76.6%:54.1% =1.42), it can be stated that this value will not be lower
than 4 °C/min. To confirm the aforesaid, as in the case of the first determining parameter (oil pres-
sure), it is necessary to conduct additional similar full-scale measurements within the main diesel en-
gine of a third-party boat with a working life close to 99.9% before scheduled maintenance (repair).

Here we have come to a similar conclusion and formulated it as follows. The obtained maximum
value of the rate of change in coolant temperature within the main engine in the time interval from the
4" to the 11™ minute can be taken as standardized one for the express method of diagnosing technical-
ly sound main engines by crew members in the open sea, and accordingly all other values of the de-
termining parameter (rate of change in coolant temperature), which exceed the established standard-
ized value, are quite appropriate to consider as critical ones for the main engines, which is associated
with the acceleration of degradation processes in the intermediate period of time between the conduct-
ing of scheduled maintenances (repairs).

6. Conclusions

The detection of critical values of the determining parameters by crew members in the time inter-
val from the 4™ to the 11" minute of operation of the main engines is a clear reason to contact special-
ists of the maintenance and repair department to conduct an unscheduled instrumental check of the
operation of the main engines by them in order to ascertain a defective assembly and to formulate fur-
ther actions to restore the working life of such an assembly at the expense of conducting unscheduled
maintenance (repair) during the ship’s stay at the berth, and thus to prevent and fully exclude the prob-
ability of the occurrence of an emergency situation because of a malfunction of this assembly in the
open sea.

Since the quality properties (characteristics) of the oil (or coolant) may become excessively dete-
riorated in the course of engine operation, and then a need to perform unscheduled maintenance will
be generated (which was not previously established by the schedule), during which the oil (or coolant)
will be replaced in the main engines, taking into account a specific type of oil (or coolant) for a specif-
ic type of engine. Such a case may indicate both a discrepancy in the quality of the oil (or coolant) on
the part of the supplier and on the part of the maintenance and repair department during preliminary
scheduled maintenance, and which subsequently led to premature failure of the mechanical assembly
and became the reason for the unscheduled repair of engine. Such a combination of circumstances is a
reason for appointing an official investigation into the causes of unscheduled financial costs associated
with the conducting of one or another unscheduled maintenance (repair).

However, the main practical achievement of the conducted research is that the application of the
proposed diagnostic express method by the ship’s crew for independently tracking the onset of critical
changes in the operation of the main engines will allow early warning and thus preventing emergency
situations associated with an engine breakdown in the open sea while the ship is performing her com-
bat mission. In addition, this is directly related to the increased responsibility of the maintenance and
repair department when its specialists perform the scheduled maintenance work in the future, which in
turn will increase the ship’s combat readiness to perform her missions on the open sea.
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