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The Quadmaran vessel is a multi-hull maritime navigation vessel and is expected to be
utilized for high-density water quality observation in aquaculture farms. Quadmaran is a
newly developed concept and has four identical hulls, whose configuration can be changed to
better suit different sailing needs, such as dynamic positioning (DP), docking navigation (DN)
and straight navigation (SN). To assess the feasibility of the Quadmaran vessel, it has been
utilized and tested at aquaculture farms. Sea area tests in 2019 were conducted at an oyster
farm in Nanao Bay, Ishikawa Prefecture, Japan. Ultra-high density automatic water quality
measurements were conducted at 80 points and 5 points each in the water depth direction in
half a day for 400 points. The data collected by the Quadmaran vessel clarified the daily
fluctuations in water temperature that have not been known until now. In cooperation with
the numerical calculations, efforts have begun to increase the accuracy of ultra-high
resolution water quality simulations.

The Quadmaran vessel acquires the required data by arriving at the set location with
sensors. Affected by external turbulence, whether it can accurately maintain the location and
complete relevant actions is essential to the reliability of the obtained data. The Quadmaran
vessel is equipped with four hulls that can operate independently. This hull configuration
allows smooth sailing even on farms with many obstacles. Moreover, it also makes DP
relatively easier, and paves way for the DP control system design to be much more
straightforward than the traditional generalship methods. The DP control system has also
been successfully developed based on providing appropriate thrust to the four thrusters



according to the position information. According to our previous sailing data on the farms, the
vessel performed very well even in weather conditions with winds. The Quadmaran vessel
provides reliable technical support for high-precision water quality monitoring in the
aquaculture industry. The quality and reliability of the collected data depends directly on the
DP system, and therefore studying and understanding the vessel motion during DP becomes
essential for improving precision. There is an urgent need for a mathematical model that can
describe the motion of the Quadmaran vessel during DP.

Research on DP for ships has been conducted for more than 40 years, and great effort has
been put into it. However, most of these are targeted at large general ships, and there are
limited studies on the DP models for small multi-hull vessels such as the Quadmaran vessel.
This study aims to build a motion prediction model to better understand the maneuvering
motion status of the Quadmaran vessel during DP. It aims to seek functional limits, such as
the maximum number of environmental forces that can be withstood, and the required thrust
output to keep the vessel from moving even during meteorological conditions such as strong
winds. With a working prediction model, it also paves way for applications such as on drone
water helipads.

The numerical calculation model in this study is constructed based on the Maneuvering
Modeling Group (MMG), which was first proposed by Ogawa, A et al. in 1978. There is also
much research on ship maneuverability based on this model. However, the research vessel of
this study has a unique hull structure, and the motion during DP is not only slow but also
reciprocates around the target point. It means the sway motion of the vessel is equal to, and
sometimes dominant, the surge motion. There are currently no models available to
understand the motion characteristics of such a multi-hull vessel in DP mode. Therefore, a
computational model is developed to predict the motion of the Quadmaran vessel during DP.
Firstly, based on the assumption of quasi-static motion considering that the average speed
while in DP does not exceed 0.25m/s and the yawing rate is consistently less than 0.026rad/s,
a computational model is established by the basic data just obtained through static PMM
(Planar Motion Mechanism) tests including static drifting and static turning. Meanwhile, the
modeling of wind load on the hulls and the superstructure using the database of wind load
tests is carried out to improve the efficiency of the prediction model. Four cases of the
Propeller Open Test (POT) are also conducted to grasp the propeller performance
characteristics in all four quadrants, under working conditions of different directions of
rotation and inflow. Verification tests are carried out in calm water and actual sea areas to
validate the motion prediction model. Secondly, the power units are being upgraded, and the
vessel also has better performance and faster operating efficiency. As a result, the
assumption of quasi-static motion may no longer be suitable. In addition, it is expected that
an accurate computational model can provide valuable information to improve the
performance of the vessel and aid in the design of control systems. Therefore, a
computational method using the dynamic PMM tests is applied to better understand and
grasp the maneuvering performance of the vessel during DP.

This research advances our understanding of the maneuverability of such a unique
multi-hull with special motion characteristics. It has a good reference value for the future
improvement of the Quadmaran vessel's DP control algorithm. Meanwhile, this study is also
a new attempt at the PMM experimental method. From the results, the universality of the
PMM experimental method has also been well confirmed.

This thesis is organized as follows:



Section 1 describes the status of aquaculture in recent years and the urgent need for
improvement. Based on this background, research and development of various technology has
also been advanced. This thesis lists some technologies being adopted, especially the
development of the Unmanned Surface Vehicles (USVs) industry, and then leads to the
study's research objective and points out its characteristics and unique technical advantages.
Emphasizes the importance of the research object's DP function and surveys similar motion
model precedents for the motion characteristics. Based on this, the author judges that the
research on such unique vessel shapes and movement characteristics still needs to be
improved. There needs to be more than the existing models to deeply understand its
hydrodynamic and maneuverability characteristics, pointing out the necessity and value of
this research.

Section 2 introduces the research object in detail and shows its functional characteristics
and geometric dimensions in various navigation modes. Moreover, some applications for
different water conditions are mentioned, including the propeller guard developed for aquatic
plant problems in shallow sea areas. Moreover, the actual application achievement is listed.
This way, a comprehensive and intuitive feeling of the object vessel is constructed.

Section 3 describes the mathematical model. Moreover, the hydrodynamic force, the
propeller thrust, and the wind load are introduced sequentially. Two models based on
quasi-static assumption and dynamic PMM tests are introduced separately for
hydrodynamics. Then the calculation method of propeller thrust is introduced. Due to the
Quadmaran vessel's shape characteristics, the wind force acting on the vessel is also
considered in this study. A computational model for the entire vessel is established based on
the wind load test results on a single hull and the superstructure. Due to the practical
difficulties of the experimental verification on a whole actual vessel, computational fluid
dynamics (CFD) is adopted to verify the rationality of the computational.

Section 4 describes in detail the experimental methods, conditions, and equipment of the
model tests conducted to reveal the forces (including moment) acting on the hulls and the
propeller thrust. The model tests are carried out based on the assumption of quasi-static
motion, including static drift and static turn tests. Furthermore, dynamic PMM tests with
high accuracy are also conducted. POT in four quadrants is conducted to obtain the propeller
performance curves. Moreover, in order to validate the computational prediction model's
correction, experimental validations are conducted in a calm water area and an actual sea
area.

Section 5 presents the results of the tests described in Section 4. Specifically, the process of
obtaining the hydrodynamic derivatives and the verified results for measured forces in pure
sway, pure yaw, and pure yaw with a constant angle test is shown. It notes that the same
experimental method is also applied in DN and SN modes to explore the hydrodynamic
characteristics in various sailing modes (hull configurations). The performance curve of the
propeller in four quadrants is then plotted. Both the prediction models have also been applied
to simulate and predict navigation trajectories in calm water and actual sea areas. The
results are also added.

Section 6 summarizes the findings of the study.

This thesis utilizes two mathematical model based on the quasi-static motion assumption
and the dynamic PMM tests to establish a motion prediction model for a multi-hull vessel
during DP. The hydrodynamic derivatives in motion equations of the Quadmaran vessel while
in DP are successfully summarized, and the hydrodynamic characteristics are analyzed



through continuous comparison between two models. The validation of the mathematical
prediction models is further carried out by running the Quadmaran vessel in calm water and
actual sea areas. From the results, it can be understood that simple static drift and static
turn tests are somewhat feasible to understand the maneuvering characteristics. However,
the dynamic PMM test method has better accuracy. This new attempt based on dynamic
PMM tests can be highly effective for motion prediction of a slow-moving multi-hull vessel.
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