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Development of an Experimental Methodology for a Self-Propulsion Test with a
Marine Diesel Engine Simulator and a Controllable Pitch Propeller
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The controllable pitch propeller (CPP) is added to the experimental methodology for the self-propulsion model test in
waves with the MDES (Marine Diesel Engine Simulator). The MDES is a real-time control system of the propeller rotating
speed, reflecting the characteristics of a marine diesel engine. By using this methodology, we can measure not only a ship’s
motion responses, but also the realistic dynamic responses of a ship’s propulsion system in waves, such as the propeller load,
the rotating speed fluctuation, and the fuel supply rate of the main engine, etc. As one of the additional functions of this
methodology, we developed a model of a controllable pitch propeller (CPP), which is driven by the MDES. The transient
response of the engine to the variation of the propeller pitch angle can be reproduced. By using this model CPP and the MDES,
we conducted a self-propulsion model test in waves at the Actual Sea Model Basin at the National Maritime Research Institute
(NMRI). This paper introduces the outline of the model CPP and the results of the experiment.

INTRODUCTION

The reduction of CO2 emissions from oceangoing ships is a social
responsibility; therefore, effective countermeasures are argued for by
the Marine Environment Protection Committee of the International
Maritime Organization. The Energy Efficiency Design Index (EEDI)
is one of the countermeasures that accelerate the development of
energy-saving ships. EEDI Phase 0 was put into effect on January
1st, 2013. The present reduction factor of the EEDI is still 0%.
However, it will be increased to 10% in 2015 (Phase 1), 20% in
2020 (Phase 2), and 30% in 2025 (Phase 3). According to this
schedule, ship builders have the duty to reduce CO2 emissions from
newly built ships. To achieve the final level, ordinary approaches
such as hull form refinement and the application of energy-saving
devices are considered to be insufficient, and more drastic design
changes will be absolutely necessary.

We are developing new experimental methodologies to support
the drastic design changes. One important factor is the main engine.
Not many studies have been conducted on ship performance in
waves considering main engine response. Tasaki (1957) studied
the characteristics of the driving machine in a self-propulsion test
in waves. He introduced the transfer function of driving motor
and simulated its responses with the propeller and the surge
motion of the ship. Ikegami and Imaizumi (1978) developed a
self-propulsion apparatus that has three modes (rotation number
control, torque control, and power control) and studied nominal
speed loss of a ship in waves by model experiment. In those days,
microcomputers were not available and realistic simulation of the
main engine was very difficult. Naito et al. (1979) studied an
estimation method of ship speed reduction in waves. In their study,
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main engine characteristics were considered by introducing two
linear coefficients, EQN and EQA, representing the derivatives
of engine torque with respect to rotation number and fuel input.
Kim et al. (1985) studied the propulsive performance of a low-
speed ship in seaway. The linear coefficients EQN and EQA
were also used in this study to simulate engine responses, and
operational ability of the main engine in seaway was discussed.
Tanizawa et al. (2012) introduced a self-propulsion system, the
Marine Diesel Engine Simulator (MDES), for a model ship, and
presented an experimental methodology to evaluate the ship’s
propulsion performance in waves with the realistic response of the
propeller rotation coupled with the main diesel engine. The MDES
is composed of a servomotor, speed controller, dynamometer, and
PC. The marine diesel engine simulation program is installed on
the PC. Based on a mathematical modeling of the engine, this
program simulates the fuel supply control by the governor, the
torque generation by combustion, and the shafting system rotation.
The inputs are the measured propeller rotation and torque, and the
output is the target speed of the speed controller of the servomotor.
This is a real-time control system of the propeller rotating speed,
which reflects the characteristics of the marine diesel engine. The
Bondarenko model (Bondarenko et al., 2009) is adopted as the
mathematical model of the marine diesel engine. This system can
be applied to the selection of the best-matching engine and the
optimization of the electronic governor for saving energy.

The propeller is also an important factor in the ship’s performance.
Nowadays, the controllable pitch propeller (CPP) is popularly
used to give higher propulsion efficiency over a broad range of
speed and load conditions. Ships equipped with the CPP have
the capability of easy control of ship speed, and usually have an
automatic load control (ALC) function for engine protection from
torque-rich conditions in rough weather. However, the propeller
pitch control algorithm is quasi-steady, and the pitch angle responds
only to mean load. We consider that the CPP has the potential to
reduce energy consumption much more in waves if the pitch angle
can be controlled by the appropriate algorithm in real time, thereby
catching up with the frequency of wave encounter. In order to study
the modern application of the CPP to the development of energy-
efficient ships by using a tank experiment, we developed a model




