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The released statistics of incidents in the world wide fleet reveal a great reduction in the number of casualties of
merchant ships and at the same time confirm that the ship machinery continues to be the major cause of serious
faults, followed by groundings and collisions. Mo;eover in ship accidents which were attributed to weather,
grounding and fire/explosion, the propulsion plant failures may have been a contributory or initiatory factor.
Although the operation of ships in actual seas has received much research attention in recent time covering safety,
economy and performance aspects, the safety of propulsion plant operation within the framework of ship
operation has been considered scarcely.

The problem of propulsion plant safe operation is defined as the operation with minimum risk of accidents or
faults, which can cause the loss of ship propulsion. The operational conditions of a propulsion plant closely
interrelate with those of a propeller disturbed by waves and ship hull transitional motions. Thus the concerned
problem of safe operation of propulsion plant is extended to consideration of an entire ship operation in actual
seas. However the ship navigating in actual seas is a heterogeneous system which consists of various subsystems
and involves two major fields of expertise: naval architecture and marine engineering. In order to systematize the
assessment of propulsion plant safe operation, the Formal Safety Assessment (FSA) methodology, adopted by the
International Maritime Organization (IMO) has been exploited.

In accordance with the FSA methodology at the initial stage, the preliminary identification of events and
propulsion plant elements that may lead to hazardous incidents was performed based on the experience of
propulsion plant operation and using a “brainstorming” technique with the support of Fault Tree Analysis (FTA).
These made it possible to deduce the cause consequence tree of loss of ship propulsion, and to identify the most
hazardous scenarios, i.e. engine slow/shut down protection and turbocharger failure, which can result in the loss
of ship propulsion. In order to quantify these events, the entire ship propulsion plant model consisting of hull,
propeller and engine has been formulated as the deterministic time domain model and as the statistical model in
the domain of stochastic variable.

In the concerned ship propulsion plant model, the sub-model of propeller torque is based on a quasi-steady
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open-water characteristic in which two dominant dynamic effects were introduced: the first is the dynamics of
axial inflow velocity comprising the wave orbital motion and ship hull transitional motions (surge, heave and
pitch); the second is the effect of propeller emergence often referred to as the propeller racing. The propeller and
engine are connected through the propeller shaft rotational dynamics, thus in order to represent the operation of
propulsion engine in part of torque generation, a quasi-steady cycle-mean modeling approach for the engine
thermodynamic processes was adopted in this thesis. Besides modern propulsion engines comprise a speed control
system in which the governor plays a key role. The correctness of the developed statistical model of ship
propulsion plant was confirmed through a comparison with the results obtained by a stochastic simulation in the

time domain, and the model was found acceptable over the wide range of sea states.

The evaluation of complete ship propulsion plant performance over the wide range of sea states shows a dilemma
in the engine speed control. Engine speed governors as a rule are tuned for calm sea condition to keep the engine
speed constant at the expense of change of fuel flow rate. However as the sea condition changes from moderate to
severe, the propeller load demand inevitably rises and the calm sea like control becomes inadmissible due to the
possibility of turbocharger compressor surge, which is an unacceptable risk. The readjustment of the speed
governor can significantly reduce the fluctuation of fuel flow rate but at the expense of increased engine speed
fluctuations which may rich the overspeed limit. Thus the optimal balance between the admissible fluctuation of
fuel flow rate and the engine speed is a necessary condition to ensure the safe operation of propulsion plant in
actual seas, which can be maintained based on the concept of Safety Window introduced in this thesis.

The main conclusions of the present study are:

1. The experts’ judgment and experience of propulsion plant operation made it possible to develop a qualitative
cause-consequence model for the loss of ship propulsion. Moreover the probabilistic formulation of a
complete model of ship operation, connecting three main objects hull-propeller-engine, allowed to establish
interconnection between the ship navigating conditions and the propulsion plant operation and thus made it
possible to calculate the occurrence probability of loss of ship propulsion.

2. The analytical description of propeller torque statistics in terms of the energy density spectrum and
probability density function was obtained by virtue of the statistically linear representation of propeller
racing function and introduction of weight functions for representation of nonlinear interactions between
the components. The proposed method shows good agreement with numerical results.

3. The statistical model of propeller torque clearly shows contribution of various components (i.e. inflow
velocity and propeller racing) to the total fluctuation over the wide range of sea states. Besides it shows the
effect of propeller racing on the wave energy spectrum which consists in the reallocation of frequency
components of that spectrum, thus facilitating the formulation of optimal control system for the propulsion
plant.

4. In order to assess and consequently ensure the safe operation of propulsion plant, the concept of Safety
Window in engine transient operations was introduced based on the engine load diagram and the
turbocharger-engine joined operation. With respect to the latter, a clear insight into the principle of
turbocharger compressor operation allowed defining a stability factor of compressor, and then
interconnection between the stability factor and propulsion engine operation has been found as well.

5. Since the propulsion plant model provides information about two state variables of engine rotational speed
and turbocharger rotational speed and the stability factor of compressor is significantly affected by the
turbocharger rotational speed, consideration of the second state variable is rather important for the
formulation of control action (fuel flow rate) to the engine. Thus, the novel multi-input single-output type of
control system considered in this thesis has shown promising performance with respect to the propulsion
plant safe operation, but there is still room for improvement in this type of control.
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