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Abstract — Quality of a marine 4-stroke diesel generator engine oil is
crucial for ensuring the reliable operation of these engines, which are
essential for marine transportation and industry. Traditional methods of
oil quality diagnostics can be time-consuming and require manual labour,
which can lead to inaccuracies and delays. This work presents an analysis
of ways of automatically diagnosing the quality of a marine 4-stroke diesel
generator engine oil. The approaches involve using different algorithms to
analyse data from various sensors and indicators in the engine, and to give
engine operator suggestions if needed for necessary action. Data from a
marine 4-stroke diesel generator engine is being collected under different
operating conditions, and is being used to draw a conclusion regarding the
current condition of the oil. Automatic diagnostic approach is accurate
and efficient, and can provide real-time diagnostics of the engine oil
quality. By utilizing automatic diagnostic one can potentially save time and
reduce costs for engine operators and manufacturers, while also
improving the overall reliability and safety of marine transportation and
industry.

Pesztome — Axicmb macna 013 4OMupumakmmuoz2o ou3enb- 2eHepamopa
MOPCHKUX CYOEH € 8UPiUIanbHOI0 014 3a0e3neuenns HadiliHol podomu yux
06uU2yHi8, AKI € HeoOXiOHUMU 0711 MOPCbKO2Z0 MPAHCHOpmMY ma
npomucnosocmi. Tpaduyinini memoou OiacHocmuku AKocmi macaa
Moxcymb 3abupamu Oazamo uacy ma nompedyeamu pyuyHoi npauyi
6AXM06020 MeXaHIKa, Wi0 MOdce npu3eecmu 00 HemouHocmeil ma
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3ampuUMOK, He Kaxcyuu npo me, wjo 4acmoma npoeedeH s maxKux mecmie
€ HEOOCIMAMHBOIO 07151 MO20, WO ONEPAMUBHO GUSHAYUMU WIBUOKY IMIHY
AKocmi macaa uepe3 3adpyonennsa. lla poboma npesenmye auaniz
Memooie  agmomMamuyHoi  Oi@ZHOCMUKU  AKOCHMI  macaa 0
YOMUPUMAKMHO20 OU3ETbHO20 2eHepamopa mopcskozo cyona. Ilioxoou
nonsAzaiomey y 6UKOPUCMAHHI PDI3HUX AI20PUMMIE 015 AHANI3Y OAHUX 3
Di3HUX 0amuuKie ma iHOUKamaopie ¢ 06uU2yHi, ma 6 HAOAHHI peKOMeHOauill
0 HeoO0XiOHuX Oill onepamopy 08UZYHA, AKWLO Ue nompiono. /lani 3
YOMUPUMAKMHO20 OU3eNIb-2eHEPAmOopa MOPCbKO20 CyOHA 30uparomoca 6
Di3HUX  yMoeax  eKkcnayamauii ma  GUKOPUCHOBYIOMbCA 01
6CMAHOGNEHHA HNOMOYH020 cmany macaa. ITioxio aemomamuunoi
OlaZHOCMUKU € MOYHUM Ma epheKmueHuUM, ma moyce 3ade3neyyeamu
GUAGNEHHA AKOCMi Mmacia 6 peanbHomy uaci. Buxopucmauns
aemomMamuyHoi OlaZHOCMUKU MOXCce NOMEHUIIIHO 3a0uaoumu yac ma
3MeHwumu eumpamu 01 Onepamopie ma GUPOOHUKIE OBUZYHIE,
NOKpaAuw{yI04u 3a2aa1bHy HAOIIIHICIb ma 6e3neKy MopCcbKo20 Mpancnopmy
ma npoMucio6ocmi.
DOI: 10.31653/1819-3293-2023-1-28-106-120

Marine diesel generators are crucial components of ships, providing
electrical power for onboard systems and propulsion. The lubricating oil
used in these generators plays a critical role in maintaining their performance
and reliability [2]. However, over time, the oil can deteriorate due to factors
such as oxidation, contamination, and wear.
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Fig. 1. Trend of iron concentration in oil [1]

Monitoring the condition of the oil is essential to prevent engine failures
and downtime [1]. While manual oil analysis is a common practice, it can be
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time-consuming and expensive. Automatic diagnostic systems offer a
potential solution to this problem, providing real-time monitoring and
diagnosis of lubricating oil condition.

The use of automatic diagnostic systems for marine diesel generator
lubricating oil condition monitoring offers several benefits over manual oil
analysis [5]. Real-time monitoring and diagnosis can help prevent engine
failures and reduce downtime, resulting in improved reliability and
efficiency. Additionally, these systems can reduce the need for manual
labour and equipment, leading to cost savings. However, there are challenges
to implementing these systems, such as sensor malfunction and data
processing requirements [3]. Advancements in technology have made
automatic diagnostic systems increasingly viable, but further research is
needed to validate these systems in real-world conditions. Overall, this
article aims to contribute to the understanding of automatic diagnostic
systems for lubricating oil condition monitoring in marine diesel generators,
with the goal of improving the reliability and efficiency of these critical
systems.

Physical methods such as measuring parameters like viscosity, density,
particle size etc. have been used to monitor lubricating oil condition.
Chemical methods involve analysing the chemical composition of the oil,
while spectroscopic methods use light absorption or emission to determine
the presence of specific molecules. While each method has its advantages
and disadvantages, automatic diagnostic systems can integrate multiple
techniques to provide a more comprehensive assessment of oil condition.

Periodic off-line oil analysis provides significant value within reliability
programs, but often it is not a sufficient tool on its own for meeting the
program’s reliability goals. Online oil quality monitoring systems have
proven to be critical, cost saving tools, providing the data necessary to make
optimal maintenance decisions [5]. Poseidon Systems’ Trident is a real-time,
in-line sensing technology for monitoring the health state of lubricating
fluids. Technology provides continuous insight to oil health, promoting
condition-based maintenance practices such as optimized fluid drain
intervals and reduced dependence on offline analysis. Technology utilizes
electrochemical impedance spectroscopy (EIS) to measure a fluid’s
impedance spectrum and track its health. The impedance spectrum provides
multiple condition indicators which can be used to assess the lubricant’s
additive package health, monitor breakdown, and identify the presence of
contaminants which helps to make maintenance decisions based on real-time
information [5].
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Fig. 2. Sensing method based on analyzing a fluid’s electrical properties
across a range of frequencies [5]

Sensor technology has played a critical role in the development of
automatic diagnostic systems for lubricating oil condition monitoring. In [4]
authors provide methodology for rapid analysis using Fourier-transformed
infrared spectroscopy and the subsequent multivariate data analysis.
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Fig. 3. Exemplary FTIR spectra of the frersh engine oil and used engine oil
sample [4]

In [6] a continuous on-board diagnostic lubricant monitoring system

evaluates lubricant quality and detects incipient lubricant failure due to
contamination by measuring physical characteristics of the lubricant itself.
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The sensors preferably include permittivity sensor, a viscosity sensor and a
temperature sensor. Diagnostic testing based on the measurements can be
carried out on-board via a controller running selected algorithms. A time to
condemning limit for the lubricant, i.e., time until the lubricant has degraded
to given quality level, is calculated based on permittivity data received by
the controller. Implemented algorithm, apart from other, calculates the
change in slope for the measured variables. In this way controller can give
engine operator not only information about gradual oil deterioration but also
quickly inform about rapid changed e.g., in permittivity, which gives
information about some major malfunction (coolant contamination,
excessive engine wear etc.). Patent also provides specific implementation of
such system (fig. 4).
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Fig. 4. Specific implementation of on-line diesel-engine lubricating oil
monitoring system according to [6]

In patent [7] oil quality and contamination sensing system include a
capacitive dielectric sensor and pressure sensing arrangements for measuring
the dielectric constant of the oil and the pressure of the oil, respectively, with
these variables being indicative of oil viscosity and contamination. The
sensors take measurements as oil flows through an internal combustion
engine and provide an indication of the cause of a problem with oil in an
engine.
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Fig. 5. A cross-sectional side view of the combined oil quality and
viscosity sensing system, showing the various components of the system,
including the high- and low-pressure ports, the restricted paths, the pressure
sensing arrangement, the capacitive dielectric sensor and temperature
sensor according to [7]

In [8] a method of detecting soot in engine oil using microwaves is
described. The relative permittivity of the oil is measured in the microwave
region (fig. 6).
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Fig. 6. Relative permittivity versus frequency for several crankcase oils at
different levels of soot content [§8]
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In [9] a degree of deterioration of lubrication oil used in engine is
detected by measuring the dielectric constantof the oil with a pair of spaced
sensor capacitor electrodes placed in the oil. A voltage source of 50 —
500 kHz is a part of measuring system.
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Fig. 7. Graph of variations in the impedance and capacity of the sensor
capacitor as a function of lubricating oil deterioration [9]

Patent [10] describes a wear debris sensor which monitors the operation
of a lubricated mechanical system. Pattern of debris concentration data
indicative of damage to the mechanical system.
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Fig. 8. Chart of the 24-hour average wear concentration and the observed
cumulative wear mass over an 8-day period [10]
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Fig. 9. Chart representing the 24-hour average wear concentration values
for three lubrication systems over a 4-day period illustrating the effect of
implementing a derating strategy on one of three systems with similar wear
generation rates [10]

In [11] a sensor for measuring multiple porperties of an oil, including
level, temperature, water contamination and dielectric properties where the
sensing elements include two or more interdigitated electrodes, a capacitive
relative humidity sensor and a temperature sensing element.

Fig. 10. Circuit diagram for use with the disclosed sensor [11]

In [12] a method and system for estimating the remaining useful life of a
filter in a lubrication system includes an inductive wear debris sensor.

In [13] multi-modal fluid condition sensor platform and system are
described. Real-time, simultaneous, integrated, multi-modal sensor system
has been developed for early warning malfunction notification. System
include temperature, magnetic, inductive, electrical impedance and optical
absorption sensors.
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Fig. 11. A representation of an exemplary real-time multi-modal fluid
sensing system described in patent [13]

Fig. 12. A representative framework of discrete wavelengths for the various
optical properties detection [13]

A Rolls-Royce Corporation patent [14] describes lubricating oil quality
sensing system which applies a laser beam to the debris and detects a light
signature generated by the debris in response to application of the laser beam.

A Caterpillar company patent [15] describes a system and method for
activating on a user interface an indicator of a condition of a lubricant in an
engine. The controller may be configured to receive a plurality of lubricant
characteristics and determine a change in slope. If the change in slope
exceeds a threshold — operator is being notified.
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Fig. 13. Illustration exemplary related to patent [15]

In fig. 13 graphs 400, 410 and 420. Graph 400 shows the plotted Iubricant
characteristics 402 and the plotted slope 406 of the associated adjusted
lubricant characteristics over time. The exemplary graph 420 illustrates the
plotted change in slope 424 over time for the plotted slope 406. Graph 410
illustrates exemplary detection points over time associated with the change
in slope 424 of graph 420 exceeding a threshold 422.

While these experimental studies have shown promising results,
implementing automatic diagnostic systems for lubricating oil condition
monitoring in real-world maritime environment conditions presents several
challenges. The variability of engine operating conditions and oil properties
can affect the accuracy and reliability of these systems.

Implementing automatic diagnostic systems for marine diesel generator
lubricating oil condition monitoring requires careful consideration of various
factors, such as sensor selection, data collection and processing, and
choosing diagnostic algorithms.

The selection of sensors depends on several factors, such as the specific
condition being monitored and the cost of the sensors. In general, a
combination of sensors is used to provide a more comprehensive assessment
of oil condition.

Automatic diagnostic systems collect data from the sensors in real-time
and process the data using specific algorithms. The data collected includes
various parameters such as viscosity, acidity, permittivity and oxidation
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products. Machine learning algorithms can analyze these parameters and
provide real-time predictions of oil condition.

Data processing is a crucial aspect of automatic diagnostic systems. The
data must be filtered and processed to remove noise and irrelevant
information. Additionally, the algorithms must be trained on a large dataset
of oil condition data to provide accurate predictions.

Various machine learning algorithms can be used to analyze the data
collected from the sensors. Some of the commonly used algorithms include
neural networks, support vector machines, and decision trees. These
algorithms can be trained using supervised or unsupervised learning
methods.

The selection of machine learning algorithms depends on several factors,
such as the size of the dataset and the specific condition being monitored.
Neural networks are commonly used for large datasets, while decision trees
are useful for smaller datasets.

Implementing automatic diagnostic systems for marine diesel generator
lubricating oil condition monitoring faces several challenges and limitations.
Sensor malfunction and data processing requirements can pose challenges to
these systems. Additionally, the accuracy of the predictions can be affected
by the variability in the oil properties and the complexity of the engine
components.

Moreover, the cost of implementing automatic diagnostic systems can be
a limiting factor, especially for small-scale operators. The complexity of
these systems can also require specialized knowledge and training, making
them difficult to implement without proper expertise.

The implementation of automatic diagnostic systems for marine diesel
generator lubricating oil condition monitoring offers significant benefits for
the reliability and efficiency of these critical systems. The selection of
sensors, data collection and processing, and machine learning algorithms are
crucial aspects of implementing these systems. Despite the challenges and
limitations, advancements in technology have made automatic diagnostic
systems increasingly viable.

Future research directions

Potential applications of automatic diagnostic systems for marine diesel
generator lubricating oil condition monitoring extend beyond the maritime
industry. These systems can also be used in other industrial applications
where lubricating oil is used. Future research could focus on improving the
accuracy and reliability of these systems by incorporating more advanced
machine learning and artificial intelligence algorithms. Additionally,
investigating the potential of using these systems for predictive maintenance
could lead to significant cost savings.
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Conclusion

The use of automatic diagnostic systems is becoming increasingly
important in the marine industry, particularly for monitoring the condition
of lubricating oil in diesel generators. These systems provide a range of
benefits, including early detection of faults and lubricating oil degradation,
lower maintenance costs, and improved operational efficiency.

One of the most significant advantages of these systems is their ability to
detect potential issues before they become major problems. By identifying
problems early on, operators can take corrective action before they escalate,
minimizing downtime and costly repairs.

In addition, automatic diagnostic systems can help reduce maintenance
costs. By monitoring the condition of lubricating oil, these systems can
identify when oil needs to be changed, ensuring that maintenance is
performed only when it is necessary. This can lead to significant cost
savings, as maintenance and oil changes can be expensive.

Moreover, automatic diagnostic systems can improve operational
efficiency. By monitoring the condition of lubricating oil, these systems can
help ensure that diesel generators are running at peak performance, reducing
fuel consumption and improving overall efficiency. This can lead to lower
operating costs and a smaller environmental footprint.

However, it is important to note that there are some limitations to the
implementation of automatic diagnostic systems. For example, these systems
may not be able to detect all types of faults or issues, and their accuracy may
be affected by factors such as environmental conditions and the quality of
the data used.

To ensure that these systems are accurate and reliable, it is important to
carry out thorough evaluations and validations. This involves data
validation, model validation, model optimization, and real-world testing. By
following these steps, operators can ensure that their automatic diagnostic
systems are providing accurate and reliable results.

Automatic diagnostic systems are an essential tool for marine operators
and owners looking to monitor the condition of lubricating oil in diesel
generators. By providing early detection of faults, reducing maintenance
costs, and improving operational efficiency, these systems offer significant
benefits to the industry. While there are some limitations to their
implementation, advancements in technology are making it increasingly
possible to overcome these challenges. As such, automatic diagnostic
systems are a worthwhile investment for any marine operator or owner
looking to improve the reliability and efficiency of their equipment.

117



ABTOMaTH3aIis CyAHOBUX TEXHIYHHUX 3ac00iB Bunyck Ne 28

REFERENCES

1. Kaleli Hakan, and Yildirim Elifnaz. Determination of Oil Drain Period
in Naval Ship Diesel Engine. //Tribology in Industry 30. 2008. — Ne 3. — P.
21 -30.

2. Stoliaryk Tymur. Analysis of the Operation of Marine Diesel Engines
when using Engine Oils with Different Structural Characteristics.
//Technology Audit and Production Reserves 5. —2022. — Ne 1(67). — P. 22
-32.

3. Sagin Sergii and Solodovnikov Valerii. Estimation of Operational
Properties of Lubricant Coolant Liquids by Optical Methods. /International
Journal of Applied Engineering Research 12. — 2017. — Ne 19. — P. 8380 —
8391.

4. Nagy Andras Lajos, Agocs Adam, Ronai Bettina, Raffai Péter, Rohde-
Brandenburger Jan, Besser Charlotte and Dorr Nicole. Rapid Fleet Condition
Analysis through Correlating Basic Vehicle Tracking Data with Engine Oil
FT-IR Spectra. //Lubricants 9. —2021. — Ne 12. —P. 114 — 133.

5. Steen Stephen Why online oil quality monitoring is a best practice for
reliability programs. //Uptime. — 2019. - Ne 26. — P. 26 — 29.

6. Van Mullekom, J. H., Melnyk, M. C., Dayal, B. S. Continuous on-
board diagnostic lubricant monitoring system and method. — U.S. Patent No.
6,463,796 B1, 2002. — 20 p.

7. Park K. M. and Nassar M. A. Combined oil quality and viscosity
sensing system. — U.S. Patent No. 6,553,812 B2, 2003. — 7 p.

8. Nagy L., Myers. J. Method of detecting soot in engine oil using
microwaves. — U.S. Patent No. 4345202., 1982. — 6 p.

9. Yasuhara, S., Hiroshi, K., Kita, T., Saito, H. Oil deterioration detector
method and apparatus. U.S. Patent No. 4646070., 1987. -9 p.

10. Redding M. L., Brewer R. C., Steen S. N. System and method for
utilizing wear debris sensor to reduce damage and extend remaining useful
life of gearboxes. — U.S. Patent No. 11300106B2., 2022. — 17 p.

11. Brewer, R. C., Allen, Z. M., Marvin, T. R., Anauo, M. Capacitive
fringe field oil level sensor with integrated humidity and temperature
sensing. — U.S. Patent No. 2020/0319011A1., 2020. — 14 p.

12. Pelkey Alexander T., Marvin Timothy R., Brewer Ryan C. System
and method for condition-based filter changes, — U.S. Patent No.
2022/0072456. -7 p.

13. Brian Von Herzen, Fleet Steven Van (2018) “Multi-modal fluid
condition sensor platform and system therefor. — AU Patent No.
2013270490B2, 2018. — 26 p.

118



ABTOMaTH3aIis CyAHOBUX TEXHIYHHUX 3ac00iB Bunyck Ne 28

14. Dawn K. Andrus, Elliott Michael, Costello John, Fulford Anthony
and Gebhard John (2019) On-wing component wear analysis with fluid
quality sensing. — U.S. Patent No. 10180075B1, 2019. — 11 p.

15. Yanchai Zhang, Venkata Dandibhotla, Brent Kyle and Krone John
(2019) Lubricant health detection system. — U.S. Patent No. 10473008B2,
2019. - 13 p.

Abstract — Quality of a marine 4-stroke diesel generator engine oil is
crucial for ensuring the reliable operation of these engines, which are
essential for marine transportation and industry. Traditional methods of oil
quality diagnostics can be time-consuming and require manual labour,
which can lead to inaccuracies and delays. This work presents an analysis
of ways of automatically diagnosing the quality of a marine 4-stroke diesel
generator engine oil. The approaches involve using different algorithms to
analyse data from various sensors and indicators in the engine, and to give
engine operator suggestions if needed for necessary action. Data from a
marine 4-stroke diesel generator engine is being collected under different
operating conditions, and is being used to draw a conclusion regarding the
current condition of the oil. Automatic diagnostic approach is accurate and
efficient, and can provide real-time diagnostics of the engine oil quality. By
utilizing automatic diagnostic one can potentially save time and reduce costs
for engine operators and manufacturers, while also improving the overall
reliability and safety of marine transportation and industry.

Anomayis — Hxicms macna 015 HOMUPUMaKmHuo2o OUuseib-eeHepamopa
MOPCHKUX CYOeH € UPIUAIbHOI0 OJis 3a0e3neden s HAdiliHoi pobomu yux
08USYHIG, AKI € HeoOXIOHUMU 0Nl MOPCbKO20 MPAHCnopmy ma
npomucaosocmi. Tpaduyitini memoou OlaeHOCMUKU AIKOCMI MACIA MOJICYMb
3abupamu bacamo uacy ma nompebyeamu pyuHOi npayi 6axmoeoco
MeXaHika, wo Moodice npuzsecmu 00 HemouyHocHmel ma 3AMmpumox, He
Kaoicydu  mpo  me, WO HACMOMA NpOGeOeHHsi MAKUX mecmis €
HedoCmamuvor 0Jii Mo20, Wob ONepamuéHO GUIHAYUMU WEUOKY 3MIHY
sKocmi macaa uepes 3a6pyouenns. L{s poboma npesenmye ananiz memoois
aABMoOMaAmuyHoi  OlaeHOCMUKU  AKOCMI  Macia O1si  YOMUPUNAKIMHOZO
OU3eIbHO20 2eHepamopa MOpPCbKo2o CcyOHa. Ilioxoou nonsieaioms  y
BUKOPUCMAHHI PI3HUX AI2OPUMMIG OJ151 AHAZY OAHUX 3 PIZHUX OAMYUKIE MA
IHOUKamopis 8 08UcYHI, MA 8 HAOAHHI PeKOMeHOayill 01 HeOOXIOHUX Oill
8AXMOBOMY MEXAHIKY, AKWO Ye ROMPIOHO. [{ani 3 4Omupumaxmuo2o ouszeib-
2eHepamopa Mopcbkoz2o CyOHa 30Uparomocst 8 pisHUX YMOBAX eKCHIyamayii
ma GUKOPUCMOBYIOMbCA OISl 6CIMAHOGIEHHST NOMOYHO20 CHIAHY MACd.
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ITioxio aemomamuunoi diaeHOCMUKYU € MOYHUM MA eheKMUBHUM, M MOJCE
3abe3neyysamu UAGIEHHS AKOCMI MACIA 8 peabHOMY Yaci. Bukopucmanus
asmoMamuyrol OIlA2HOCMUKU MOXCe NOMEHYIHO 3a0Wadumu 4ac ma
3MeHwumy  eumpamu Ol Onepamopie ma BUPOOHUKIE — OBUSYHIS,
HOKpAaWyiouu 3a2a1bHy HAOIUHICMb ma Oe3neKy MopCbKo20 MpaHCHopmy ma
npomucnosocmi. Posensnymi 6 pobomi nioxoou 6basyromecs Ha
BUKOPUCMAHHI THMENIEKMYAIbHUX AN20PUMMIE, WO 00360J8€ OMPUMATIU
docmogipui  pezyabmamu  Oe3  empyuanna moounu. Kpim  moeo,
NePCNeKmMuUSHUMU HANPAMKAMU MOJICYIMb OVMU GUKOPUCHIAHHS CYYACHUX
MeXHON02Il IHMepHemy peyell Mma XMAPHUX MeXHOA02IU Ol MOHIMOPUH2Y
sxocmi macna. Lfi mexnonoeii moxcyms donomozmu eupiwumu npoonemy
0OMednCceHOl KibKOCMi OaHux ma 0036015Mb GI00AIEHO MOHIMOPUmuU
AKICMb MACA 8 pedcumi peanvHozo yacy. Aemomamuuna odiacnocmuxa
SAKOCMIE MACAA 051 HOMUPUMAKMHO20 OU3e/b-2eHEPAMOPA MOPCHKUX CYOeH
Modice 0onomozmu  NOKpawumu Oe3nexy ma HAOIHICMb MOPCbKO2O
mpancnopmy ma HPOMUCNIO80CMI.  3ACMOCYSAHHA — IHMENEKMYANTbHUX
ANROPUMMIE A CYYACHUX MEXHON02IU MOJice NOKPAWUNYU epeKmusHicmy
MOHIMOPUHZY AKOCMI MAcaa ma 003601UmMb onepamopam 3abesneuysamu
HaodiliHy poOOmy OBUSYHIE NpU MIHIMAIbHUX GUMPAMAX HA MEXHIYHe
00C1y208Y8aHHS.
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