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PS-8 PERFORMANCE DEGRADATION OF PROPULSION

ENGINES DUE TO AGING

Marine Environment & Engine System

1. Introduction

Over recent years, fuel-saving incentives in the shipping
have been spurred by the various strict regulations introduced
by the International Maritime Organization (IMO). The latter
has been primarily driven by the considerable concern in
greenhouse gas emissions reduction. In particular, the Energy
Efficiency Design Index (EEDI) forces gradual improvement
of ships design towards better efficiency with the final goal of
30% reduction of the CO2 emission per transport work for
ships built after 2025. At the same time, an Energy Efficiency
Operational Indicator (EEOI) in tandem with a Ship Energy
Efficiency Management Plan (SEEMP) provides a mechanism

to monitor and improve the performance of a ship in service in

terms of the energy efficiency. Thus it has become essential to #

evaluate and track changes of ship performance in service.
However, the in-service performance is different from that
obtained during commissioning and is characterised by
significant uncertainties attributed to ambient conditions,
weather conditions, fouling of the hull and propeller. Many
pieces of research on the prediction of ship performance in
actual service conditions have been done so far, and which
were focused on not only short-term analysis but also
long-term analysis. Ultimately, the developed theoretical frame
of the prediction methods provide for the analysis under an
equivalent basis to the greatest extent possible. At the same
time, it should also be stressed that the ship propulsive
performance is affected, to some degree, by a change in main
engine performance due to wear out and aging. Though the
identification of characteristic change is hardly possible due to
primarily varying operation profile and uncertainties related to
operating conditions. At the same time, the engines used in
some stationary power generation plants are the same as the
main engines used for ship propulsion. The only the
differences, providing for precise identification the rate of
change, are constant operational profile and negligible
uncertainties from the electrical power generation equipment.
In this report, the performance change of a large-bore
two-stroke low-speed engines is studied from the long-term
operation records of stationary power generating plants.
2. Aged Degradation of Engine

In general, the term degradation refers to an internal

in components of a system, where

process gradual

* Bondarenko, O., Fukuda, T.

performance change takes place due to various circumstances.
With respect to the propulsion engine, the performance
changes can be classified as changes due to the ambient
conditions, which are not defined as degradation though, and
the changes sourced from the degradation of the engine
components. In turn, the performance degradation of engine
classified as deterioration due-to

components can be

mechanical wear-out, fouling and aging occurring over

time-based. Figure 1 illustrates the contribution of various

factors to the engine performance change.

Fig.1 Propulsion Engine Performance Degradation
The deterioration process can be slowed down by the
Thus,

components cleaning allow for a remedy of fouling; worn-out

application of maintenance. filters change and
components can be replaced at regular maintenance intervals;
periodic overhauls provide for performance recovery of major

engine components such as cylinder unit, turbocharger, etc.
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However, there remains an unrecoverable

performance, and it is referred to as aging.
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Fig.2 Propulsion Engine Life Curves
The connections between engine performance in terms of
efficiency, time and maintenance are called life curves as

illustrated in Fg.2. Two extreme envelopes, notably aging and



deterioration, which bound the time-based degradation of the

engine performance can be expressed as follows:
Ne = (1 - €(t))77e0 €Y
where 7, is the engine performance in term of efficiency, and

subscript ‘0’ denotes the initial value (new condition). Since

the degradation is a non-stationary process, it is proposed to

parametrized the degradation function &(t) with an
exponential law in the following form:
) =« (1 - e_%) 2)

where k,7 are the gain and time constants, characterizing the

degradation process.

3. Real Case Studies

The long-term operation records from the two stationary
power plants were subjected for analysis. The engines were
serviced regularly, in accordance with the manufactures
recommendations. The available data allows for the calculation
of engine efficiency which is defined as a ratio of the total
energy produced by the engine to the total energy input with
the fuel through the period of one year. Due to the proprietary
data restriction, the performance change in relative units (r.u) is

used in figures.

3.1 Case of Power Plant A

The first case is the power plant composed of 4 sets of
two-stroke diesel engines of 12KSOMC-C type, each rated
26100 kW at 166.7 rpm running on heavy fuel oil and an
average 8000 running hours per year. Figure 3 illustrates the
generalized life curves of the power plant. The aging envelope
gain coefficient is less than 2% for the considered period of
operation, and the time constant of the aging degradation is 6
years. The period of the major overhaul is clearly evident from
the life curves. Thus, the renovation of air coolers and
turbochargers overhaul took place at the 14™ year of operation
and the performance up to 98.35% of new condition was only

restored.

3.2 Case of Power Plant B

The second case is the power plant composed of a single
two-stroke diesel engine of 12K80MC-GI type, rated 40680
kW at 103.4 rpm running on diesel oil and natural gas and an
average 2000 running hours per year. Figure 4 illustrates the

life curves of the engine.
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As can be seen, the performance degradation characteristic
is similar to the case of power plant A. The aging envelope
demonstrates gain less than 1.5% and the time constant of
degradation is 8 years. This qualitative difference, perhaps,
can be explained primarily by the type of fuel used as well, at
least, adopted technologies of electronic control related to fuel

injection and cylinder lubrication.

4. Conclusion
The aged degradation of the propulsion engine is the
time-based process limited by two extreme envelopes, notably
aging and performance deterioration. The degree of divergence
of these envelopes depends, to a great extent, on operation
If the

characteristics, gain and time constants, of degradation process

conditions and maintenance  policy/quality.
can be identified, the predictive maintenance policy is then can
be applied. This implies on importance of the condition

monitoring system to track the performance degradation.
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