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The cost of operation must be considered when analyzing reliable support systems for
ship main engines. While respecting the need for safety of ship from machinery risk of
failure, the total cost of ship machinery operation (C7) must also be kept at a minimum.
This is an issue that frequently emerges in the operation of merchant ships as ship
companies make an effort to gain better profits by reducing the expenses during
operation. The determination of minimum Cr is not a simple matter because it includes
some particular considerations such as running cost (C;), maintenance cost (Cr) and
downtime cost (Ca).

One is faced with the difficulty to decide the appropriate length of the
maintenance interval (I») for machinery that yields the minimwm Cr but still respects
reliability. Along with the running time of machinery, the C; increases according to the
degradation of performance and reliability. Maintenance could reduce the C, but this
would cause a Cp, increase. Since maintenance requires a Cy. but also has the benefit of
reducing the C,, an optimization process which endeavors to balance the two to find the
minimum Cr is needed. The optimization of marine machinery operation is 2 more
complex discussion than for onshore machinery because of its maintenance inflexibility,
which sometimes depends on access to shore based facilities or the availability of spare
parts onboard.

This study presents an optimization process that minimizes the Cr by considering
the minimum reliability requirement and the preference time and place of maintenance.
The optimization problem compounds many factors that correlate with each other. The
optimization process utilizes the simulation model, system dynamics (SD), which is
capable of modeling the interrelationship between components of ship machinery
operation e.g. cost component, reliability analysis, and ship voyage pattern. This study
also presents a new development model of risk based maintenance (RBM) implemented
for ship machinery to prevent high levels of risk during ship operation. Development of
RBM resulted in an effective maintenance plan that compared well with the standard of
maintenance published by the machinery’s manufacturer. ’

In order to accommodate the matters explained above, this thesis is constructed as
follows. ’

Chapter 1, introduction which contains background information, purposes, and scope
of research, including proposed work to be done.
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Chapter 2, briefly reviews ship machinery operation and the history of maintenance
strategy, risk based maintenance (RBM) and explains the system dynamics (SD)
simulation. The modeling process of machinery operation and maintenance in SD
simulation is presented in this chapter.

Chapter 3. This chapter proposes new models in system dynamics (SD) simulations to
determine the reliability index (RY) degradation of ship machinery which is installed in
the main engine support systems of ships. The purpose of this study is to minimize the
total operation cost (Cr) of machinery which is comprised of running cost (Cr),
maintenance cost (Cm) and downtime cost (Cd). Reliability analysis is taken into
account based on data from maintenance records. In this chapter, two kinds of
‘optimization models utilizing SD are compared. Model 1, an optimization model
without forecasting, utilizes a value of minimum RI as a decision to obtain the lowest
Cr. The minimum RI is the level of reliability of machinery where maintenance actions
need to be taken. Model 2, an optimization model with forecasting, constructs the
maintenance judgment by forecasting the value of RI to avoid ‘the minimum RI before a
ship arrives at a destination port. Sea water and fresh water cooling pumps are analyzed
as a case study. Model 1 resulted in minimum Cr, while model 2 reached a Cr lower
than the outcome of model 1.

Chapter 4. In this chapter, an SD optimization model is proposed to minimize the Cr by
considering the port'ava.ilability constraint. In this constraint, it is assumed that the
maintenance of the machinery is only possible at one particular available port. The
purpose is to know how the constraint influences the composition of the cost compared
with the results of the study in Chapter 3. In the case study, this chapter discusses the
operation of pumps which are installed in the cooling system of a ship’s main engine.
System dynamics (SD) is used to build two kinds of proposed models of machinery
operation, model 1 without forecasting, and model 2 with forecasting of minimum RIL
The results were similar to the results in Chapter 3, model 1 results in minimum Cr,
while model 2 reaches a Cr lower than that of model 1. Model 2 in this chapter, with
forecasting of minimum RI, resulted in the lowest Cr, much better than the other model.
This shows that the forecasting model implemented in the problem with port availability
constraint has the most significant impact on reducing the cost.
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Chapter 5, considers the risk of machinery failure in the management of operation and
maintenance of ship machinery. This chapter implements risk based maintenance
(RBM) to minimize the frequency and consequences of ship machinery failure. As well
as the common steps of RBM, such as identification of problem, risk assessment, risk
evaluation, and maintenance planning are conducted, we also propose a new model
called ship position estimatjon. First we look at preliminary identification i.e.
identification of failure causes and symptoms as well as the history of failure over time.
In the risk assessment, quantification of the consequences of failure (Cof) considers
system performance loss,- while the probability of failure (Pof) is obtained from the
reliability analysis of the failure time history. Risk evaluation compares the result of the
risk assessment with the risk acceptance criteria in order to determine the level of risk.
The proposed model of ship position estimation recognizes the ship position on the
voyage when the analyzed machinery is at a high level of risk. Maintenance planning is
then carried out to keep the machinery under the risk acceptance level. This paper
utilizes system dynamics simulation (SD) to create each step of the RBM. For our case
study, the parts of the pumps in the main engine cooling system are analyzed. The
output of the study is a proposed maintenance interval which is suitable when compared
with the standard maintenance for the pumps. Additionally, the position, operation hours
and distance covered of the ship are included when a pump reaches a high level of risk.

Chapter 6. Summarizes the studies of the previous chapters and discusses the result
obtained. In this study, the optimum management of operation and maintenance for ship
machinery is clearly presented. This is shown as the optimization of Crby endeavoring
to find the value of the minimimRI. The optimization utilizes SD simulation to build
two models, model 1 without forecasting and mode! 2 with forecasting of the minimum
RI. Model 2 shows the greatest impact on the reduction of Cr, much better than model 1,
especially in the case study on the ship operated under the port availability constraint.
Considering risk management, this study presents a new development in the RBM
method. The beneficial outputs achieved are an improved maintenance plan and the
addition of ship position estimation for ship machinery operation at a high level of risk.
Further, this chapter draws conclusions and discusses other improvements that may be
possible for future research.
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