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Objectives of Education and Research

Contents of Education and Research

   Effective utilization of ocean space, especially development of transportation systems, utilization of 
artificial land space on the sea and sustainable marine resources development, is an important 
challenge.
   It is imperative to develop new-generation systems that are able to integrate land, coastal and ocean 
transportation. Coastal transportation systems are viewed as a potential solution for supplementing 
saturated land transportation. Intelligent access procedures are required for efficiently developed 
waterfront communities. Planning and construction methods are needed for the utilization of artificial 
land space on the sea, the construction of infrastructures (offshore floating airports and power plants, 
etc.) and the facilities for leisure activities (passenger cruise ships, marine leisure complexes, etc.). In 
addition, the development of peripheral technologies for the exploration and mining of marine 
resources, such as subsea transportation and machine operation, is in high demand. Amongst other 
technologies required for ocean development, naval architecture is particularly important.
   To provide useful solutions for these social demands, the Department of Marine Systems Engineering  
is offering students the opportunity to study marine utilities and naval architecture, including marine 
transportation systems, biological and mineral resource development technologies and the planning of 
ocean spaces. The objectives of our courses are to be leaders in the frontiers of marine technologies 
and naval architecture as well as to educate students to become engineers and researchers with broad 
vision who can make important contributions in the new age of the marine development industry.

   To study the broad range of technologies required for marine technologies and naval architecture, 
students must acquire fundamental engineering knowledge as well as organizational skills based on a 
wider vision than simply marine technologies and naval architecture. This course of study combines 
structural, fluid, heat, materials, and control engineering in a curriculum designed to develop system 
engineering skills which can be practically applied in the design or construction of ships, and marine 
and offshore structures. In addition, lectures and seminars related to numerical skills, e.g. computer 
programming languages, numerical analyses and simulations, are provided as these numerical skills 
have an important role in the design and production of marine technologies.
   This course of study consists of the following seven areas of education and research: 1) Planning of 
Marine Systems, 2) Marine Hydrodynamics, 3) Marine Dynamics and Control, 4) Functional Design of 
Marine Systems, 5) Structural Design of Marine Systems, 6) Fatigue, Fracture, Welding mechanics and 
Production Systems, 7) Ship Design and Maritime Intelligent Technology, 8) Ocean Energy Resources.
   Our department is responsible for the education of three majors shown below with respect to graduate 
education, 1) Maritime Engineering, 2) Urban and Environmental Engineering and 3) Civil and 
Structural Engineering. Graduate students belong to one of the three majors supervisor is responsible, 
but our division will strongly ensure, that the students are educated about the Naval Architects and 
Ocean Engineers.
  Some of the representative research subjects include: computer aided design using meta heuristic 
algorithms; the development of optimization methods for the hydrodynamic performance of hulls and 
propellers; the development of automatic vessel navigation systems; the conceptual design of floating 
container terminals and other infrastructures; final buckling strength of hull structures; response 
analysis of Very Large Floating Structures (VLFS); development of fatigue life evaluation methods 
based on numerical fracture mechanics; Establishment of a database for long-term wave statistics 
based on satellite information; Utilization of marine renewable energy and deep-sea energy resources. 
Research facilities including a circulating water channel, a seakeeping and manoeuvring basin, 
hydraulic fatigue testing machines and an impact loading test rig, are available.
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 Career Paths after Graduation
   Because this graduate school is widely recognized, job application opportunities always exceed the 
number of graduates. While some students acquire career opportunities at companies or research 
institutions of their choice, many proceed to the School’s Master’s and Doctoral programs to further 
pursue their education and research.

Major Places of Employment for Recent Graduates
[Shipyards]
Imabari Shipbuilding Co.,Ltd., Japan Marine United Corporation, Kawasaki Heavy Industries, Ltd., 
Mitsubishi Heavy Industries, Ltd., Mitsui E&S Shipbuilding Co., Ltd., Namura Shipbuilding Co., Ltd., 
Onomich Dockyard Co., Ltd., Oshima Shipbuilding Co., Ltd., Sanoyas Shipbuilding Corporation, 
Sasebo Heavy Industries Co., Ltd., Shin Kurushima Dockyard Co., Ltd., Sumitomo Heavy 
Industries Marine & Engineering Co., Ltd., Tsuneishi Shipbuilding Company, Fukuoka Shipbuilding 
Co., Ltd., Miho Shipbuliding Co., Ltd.
Daewoo Shipbuilding & Marine Engineering Co., Ltd., Samsung Heavy Industries Co., Ltd.

[Classification societies, Offshore technology and Marine transportation]
Nippon Kaiji Kyokai (ClassNK), ABS (American Bureau of Shipping), BV (Bureau Veritas), DNV GL 
AS, LR (Lloyds Register of Shipping)
MODEC, JDC(Japan Drilling Company)
NYK Line (Nippon Yusen Kaisha, Ltd.), K Line (Kawasaki Kisen Kaisha, Ltd.), MOL (Mitsui O.S.K 
Lines)

[Government, Independent Administrative Institutions and the Academic field]
Ministry of Land, Infrastructure and Transport, Ministry of Defense, National Maritime Research 
Institute, Various universities

[Automotive Companies]
Toyota Motor Corporation，Nissan Motor Co., Ltd., Mazda Motor Corporation, Mitsubishi Motors 
Corporation, Suzuki Motor Corporation, Daihatsu Motor Co., Ltd.

[Other Industries]
Nippon Steel & Sumitomo Metal Corporation, Kobe Steel Ltd.
Hitachi, Ltd., Toshiba Corporation, IHI Corporation
Denso Corporation, Toyota Industries Corporation
Toyo Engineering Corporation, Chiyoda Corporation, NOK CORPORATIO

Brazil-Japan Collaborative Education Program -- Special Course on Ocean Development --
  In order to educate key persons in the field of ocean development, our department offers a 
curriculum course in master degree program, ‘Special Course on Ocean Development’. This is 
based on the Brazil-Japan Collaborative Education Program on Naval Architecture and Offshore 
Engineering which will be launched in April, 2016, together with 5 Brazilian universities (University 
of Sao Paulo, Federal University of Rio de Janeiro, University of Campinas, Federal University of 
Pernambuco, and Federal University of St. Catarina) and 4 Japanese universities (University of 
Tokyo, Kyushu University, Yokohama National University and Nihon University) using a remote 
lecture system, with the support of Re-Inventing Japan Project “Support for the formation of 
Collaborative Programs with Universities in Latin America” of the MEXT.  
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Seakeeping and Manoeuvring basin Seakeeping and Manoeuvring Basin 

High Speed Circulating Water Channel 

Experimental Facilities 

The circulating water channel is our experimental facility for measuring forces acting on model ships 
and other objects and observing water flow patterns around them. This facility looks like a closed duct 
line placed horizontally. The test section with its opening is located on the top of the closed duct line. 
Flow is generated by two impellers that circulate water through the facility. 

We can perform not only experiments on ship propulsive performance relating to fuel consumption, 
but also various fluid experiments. This facility assists education and the understanding of fluid 
phenomena because it is easy to observe flow around model ships and other objects. 

The facility is about 21 m long, 3 m wide and 7 m high. The test section is 6 m long, 2 m wide and 
1 m high. The facility is designed to achieve a maximum current speed of 3.3 m/s to study high-speed 
ships. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

The Seakeeping and Manoeuvring Basin is an experimental facility designed to investigate the 
dynamic characteristics of ships and floating bodies. The basin is 38.8 m long, 24.4 m wide and 2.0 m 
deep. Water depth can be changed from 0.1 m to 2.0 m. A computerized planer motion carriage 
(CPMC) and plunger type wave maker are installed in the basin. We can perform captive model tests 
and free running model tests in both calm water and waves. 

The CPMC consists of a numerically controlled main carriage, a sub carriage and a turntable. The 
maximum speed of both towing carriages is 1.2 m/s and the maximum angular velocity of the turntable 
is 30 deg/s. The wave maker consists of 32 plungers. By controlling these plungers individually, 
regular and irregular waves can be generated in arbitrary directions. The maximum wave height is 
0.3 m and the range for the wave period is 0.5 to 4.0 seconds. 

One of the excellent features of the basin is the flatness of the bottom. The deviation of the level of 
the basin bottom is less than ±2 mm over the whole basin area. This enables highly accurate 
measurements of the shallow water effect on a ship’s motion or the hydrodynamic forces acting on a 
ship. 

Test Section of High Speed Circulating
Water Channel  

Model Ship Test 

Marine Environmental Simulation Laboratory 

CPMC in the Seakeeping and Manoeuvring
Basin  

Waves generated by the wave maker 

The Marine Environmental Simulation Laboratory is an experimental facility for the development of 
various underwater vehicles used in ocean observations. It is equipped with a two-dimensional water 
channel for model experiments of an underwater vehicle, a shallow tank for manoeuvrability tests of 
underwater robots, and some machine tools. 

Many types of motion mechanisms for underwater vehicles are researched in this laboratory. One of 
the vehicles we are developing at present is an underwater gliding vehicle. The buoyancy and center 
of gravity control unit was developed for the vehicle. The motion control system for a fish type robot 
which realizes various swimming motions, mimicking real fish swimming, can be investigated using the 
two-dimensional water channel and the shallow tank. 

     Two-dimensional water channel and shallow tank        Motion control of fish type robot 
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1. Pendulum impact testing system 
 Maximum impact speed of 3.7 m/s, Striking mass weight of 510 kg 
 Reaction wall: Maximum allowable static/dynamic weight of 2,000/6,000 kN 

2. Fatigue and fracture testing machine with automatic fatigue crack growth test control 
system based on the unloading elastic compliance method 
 Maximum load/stroke of 50 kN/110 mm (Testing machine No.1) and 100 kN/110 mm 

(Testing machine No.2) 
3. Comprehensive Dynamic and Static Material Testing System 

 Maximum load/stroke of 100 kN/100 mm (Actuator 1) and 200 kN/100 mm 
(Actuator 2) 

4. Vibration testing system 
 Maximum vibration range/stroke speed of 5,000 Hz/1.8 m/s. 

5. Welding test system for large welded built-up structures 
 Weld length for flat position of welding: 5,000mm 
 Type of welding: Laser-arc hybrid welding (20kW fiber laser) and conventional 

automatic arc welding. 

Pendulum impact testing system 

Fatigue and fracture testing machines  

(Left: Machine No.1, Right: Machine No.2) 

Vibration testing system Comprehensive Dynamic and 
Static Material Testing System 

Welding Test System 

Structural and Production Engineering Laboratory
The main activities in the structural and production engineering laboratory are the testing of 

structures, structural components and materials. Typical problems involve impact testing, ultimate 
strength and collapse testing, fatigue and fracture testing and vibration testing. The main installations 
are as follows: 

Systems Planning Laboratory 

Laboratory of Artificial Environment and Functional Systems Engineering 

 For the feasibility studies of a wide variety of projects proposed in marine systems engineering, we 
have developed a marine system simulator, as shown in the left hand photograph, based on the 
concept of HILS (Hardware In the Loop Simulation). The width of the screen is 6 m. The facility shown 
in the photograph on the right is a water tank 1.2 m deep with a circulating water channel 0.2 m deep 
at the top for the purpose of controlling the reentry of a flexible pipe. 

The laboratory of artificial environment and functional 
systems engineering is a space for multipurpose 
experimentation on ship equipment. This space provides an 
artificial environment such as thermal conditioning regulation, 
ventilation regulation and light regulation to support the many 
experimental needs for the shipbuilding sector and maritime 
activities. 

The photograph shows the sketch of an experiment to 
improve occupational safety in the shipyard. This experiment is 
performed in a walking mock-up with controls on the walking 
conditions under the feet such as the slipperiness, the ceiling 
height and the inclination of the walking way, which are typically 
found in a shipyard. The characteristics of a human's walking 
motion are measured through motion capture technology and 
the development of measuring instruments for floor reaction 
forces. Furthermore, these captured measurements are 
analyzed by modeling human body motion and applied chaos 
theory. 

 

Marine System Simulator Reentry Control Experimental Setup 

Skech of experimentation of
walking environment  
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Study on Ship Propulsive Performance 

Marine Hydrodynamics Laboratory 
Prof. Jun ANDO, Associate Prof. Takashi KANEMARU, Assistant Prof. Akira YOSHITAKE 

To decide from a hydrodynamic perspective the optimum form for high technology ships, high speed 

ships and very large floating structures that will appear in the near future, and to establish 

hydrodynamic performance predictions and evaluation methods, we must analyze them using specific 

hydrodynamics for individual targets as well as general hydrodynamics. 

For example, we need ship hydrodynamics to estimate the resistive and propulsive forces on a ship. 

We also need the mechanics of multi-phase flow to deal with cavitation on the propulsor. In addition, 

Computational Fluid Dynamics (CFD) that analyzes various hydrodynamic phenomena numerically is 

used widely due to the development of the computer. 

In this laboratory, we study flow around ships and floating structures based on these various 

hydrodynamics by theoretical calculation using personal computers, and model test in a high speed 

circulating water channel. 

Some basic research examples in this laboratory are shown as follows. 

When we know the resistance acting on a ship’s hull at a given speed, we tend to think that the ship 

can cruise at the same speed if the propeller generates thrust equal to the ship’s hull resistance. 

However, in fact about 20 % more thrust than the ship’s hull resistance is necessary to achieve the 

given speed. One of the main purposes of experiments in a towing tank and circulating water channel 

is to estimate the propeller thrust at a given speed. The difference between the ship’s hull resistance 

and the actual propeller thrust results from the hydrodynamic interaction between the hull, propeller 

and rudder. A major factor is the increase in hull resistance caused by the accelerated flow of propeller 

action behind the hull. However, the increase of rudder drag by propeller action is not negligible. 

In this laboratory, we have developed a theoretical calculation method to predict the propulsive 

performance of a ship. This is done by expressing the ship’s hull, propeller and rudder in terms of 

hydrodynamic singularities, and obtaining the self-propulsive conditions when considering these 

interactions. We confirmed the validity of the method by comparing with experimental data. 

For example, the theoretical calculation method can accurately predict the rudder drag behind the 

acting propeller. We show the rudder drag variations 

versus the distance between propeller and rudder, ℓ/ D  

for three different thickness rudders. Here D  means 

the propeller diameter and ℓ means the distance 

between the propeller disk and the leading edge of the 

rudder. The calculated results agree well with 

experimental data. We can see that rudder drag behind 

the acting propeller is also affected by rudder thickness 

and notice the interesting phenomenon that the thrust 

acts on the thin rudder. Variation of Rudder Drag behind 
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Numerical Calculation of Ship’s Waves 

Numerical Calculation of Lifting Flow by Simplified Panel Method SQCM 

The wave pattern generated by an advancing ship is beautiful but it is not so acceptable from a naval 

architectural perspective, because a ship 

generating waves consumes energy and 

the wave-making resistance acts on the 

ship’s hull. 

Ship designers attempt to make the 

wave-making resistance as small as 

possible at the design stage. Recently 

various analyses of a ship’s waves were 

performed by numerical calculation 

methods using a computer. In this 

laboratory, we calculate the ships’ waves by a numerical calculation method called the Rankine source 

method.

The Rankine source method is categorized as the indirect boundary element method. Rankine 

source means a simple source in hydrodynamic singularities. The hull surface and still water surface 

are divided into panels and Rankine sources are distributed on each panel. Source strengths on each 

panel are determined by the hull surface condition, free surface condition on a still water surface and 

radiation condition. After obtaining the source distributions, the pressure distribution on the hull surface 

and the wave height are calculated. 

We use the Rankine source method for studying hull form optimization and the wave-making 

resistance of a multi-hull ship. 

Lifting flows exist around marine propellers, hydrofoils, advancing ships with a drift angle, and 

turning ships. The panel method, which can express the wing shape accurately, has been widely used 

in recent years to deal with lifting flows using numerical calculation. 

In this laboratory, we have developed an original panel 

method “SQCM”. To validate the accuracy of SQCM, the 

pressure distribution on a 2-dimentional wing calculated 

by SQCM was compared with an analytical solution, and 

they agreed well. 

Using SQCM, we can accurately calculate the 

characteristics of a marine propeller, the flow around a 

cavitating hydrofoil, and the hydrodynamic force acting 

on an advancing ship with drift angle or a turning ship. 

SQCM is also used for propeller and wing optimization 

problems. 

Bird’s-eye View of a Ship’s Waves (Numerical Calculation) 

Comparison of Pressure Distribution on a Wing 
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Research on the Prediction of Ship Manoeuvrability 

Marine Dynamics and Control Laboratory 
Prof. Yoshitaka FURUKAWA, Assistant Prof. Hiroshi IBARAGI 

Understanding the dynamic characteristics of 

ships is very important for safe navigation or 

operation at sea. The dynamics change 

remarkably depending on the type of ship or 

environmental conditions. Predicting the motion of 

a ship or the hydrodynamic forces acting on it 

based on numerical simulation, is one of the 

effective methods for evaluating the performance 

of ships in various conditions. Furthermore, the 

development of navigation support systems or 

automatically navigated ships will be achieved by 

investigating the dynamic characteristics of ships 

in detail. Our laboratory mainly covers the dynamics and control of ships and floating bodies. 

 

It is well known that ship manoeuvrability 

changes considerably with hull forms, and the 

manoeuvring characteristics are different 

depending on loading conditions or depth of water. 

The figure on the right shows the change in 

turning ability due to water depth. Furthermore, 

ships sailing at sea are under the influence of 

external disturbances such as wind, wave and 

current. In 2002, the IMO (International Maritime 

Organization) adopted Standards for Ship 

Manoeuvrability from the viewpoint of safe 

navigation at sea. The standards provide criteria 

for performance indices. Consequently it is 

required to predict a ship’s manoeuvring 

performance at the design stage. To predict ship manoeuvrability precisely, it is important to estimate 

the hydrodynamic forces acting on ships with high accuracy. 

We are doing research on the prediction method of ship manoeuvring motion both experimentally 

and theoretically. Captive model tests and free running model tests can be conducted at the 

seakeeping and manoeuvring  basin (38.8 m long × 24.4 m wide × 2.0 m deep). Our approximate 

formulae for hydrodynamic derivatives based on the principal particulars, and some parameters which 

describe the aft hull shape, are useful at the initial design stage. 

 

The difference of turning ability by water depth
conditions  

 
Ships of various kinds 

Development of an Automatic Navigation System for Ships 

Research on the Prediction of Hydrodynamic Forces Acting on a Ship 

We are applying our simulation technique for ship 

manoeuvring motion to automatic navigation 

systems for ships. We have developed an 

algorithm for automatic collision avoidance. The 

collision risk between own ship and surrounding 

ships is evaluated using certain parameters such 

as distance, ship speed and so on. A suitable 

rudder angle is determined by using fuzzy 

inference. 

Initially the fundamental performance of the 

automatic collision avoidance systems is checked 

by numerical simulations with various scenarios. 

Then the effectiveness of the system under the 

influence of external disturbances is confirmed by 

model experiments as shown in the figure on the 

right. To conduct the model experiment, we also 

developed the experimental system. The position 

of a model ship is obtained using real time 

kinematic GPS, while the rudder is controlled by a PC loaded on the model. 

 

The hydrodynamic forces such as the lateral force and yawing moment acting on ship’s hull have a 

great influence on manoeuvring performance. 

Generally speaking, fine ships such as container 

carriers or passenger ships have excellent course 

stability but poor turning ability. On the other hand, 

full ships such as oil tankers, course stability tends 

to become worse while they have good turning 

ability. In particular, the form of a ship’s stern has a 

big influence on the hydrodynamic forces. It is well 

known that ship manoeuvrability will change a great 

deal with a slight change in the aft frame lines. 

We are now developing a calculation code for the 

prediction of hydrodynamic forces acting on a ship’s 

hull, using the three-dimensional discrete vortex 

method to take the slight change of hull form into account. 
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Research on the Prediction of Ship Manoeuvrability 

Marine Dynamics and Control Laboratory 
Prof. Yoshitaka FURUKAWA, Assistant Prof. Hiroshi IBARAGI 
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 Functional Systems Engineering Laboratory
Prof. Takeshi SHINODA, Associate Prof. Takashi TANAKA

Study diagram on functional design for marine systems 

   Position finding and improved position keeping performance, quality preservation of cargos and cargo 
handling, better steerage, safety and other functional elements and systems, are all key items of 
equipment for ships, offshore structures and instruments for ocean systems.
   To realize these functional capabilities for ocean systems, it is important to develop appropriate 
functional design technology. This functional design technology is based on fundamental engineering 
technologies including thermal engineering, fluid dynamics, analytical dynamics, design engineering 
and many other engineering technology fields. To keep complete systems well balanced, optimized 
and harmonized, the functional design is taken through a design cycle of mixing and matching many 
design elements, satisfying design conditions and evaluating performance.
   Another important aspect of functional design, often subjected to ambiguously defined regulations, is 
the aesthetic design for cruise ships and ocean sites such as residential areas, infrastructures and 
comfortable working spaces properly equipped with prevention systems to avoid accidents and 
disasters. Besides, it is necessary to take into consideration the establishment of a new paradigm for 
human centered design, shifting from conventional machine centered design. These new paradigm 
subjects should contribute to human life and society as outlined in the figure below.
   Our educational subjects and research objectives can be described in terms of the three key areas of 
improved safety in maritime affairs, preservation of the environment, and value improvement in 
physical distribution, and these are summarized as follows:

1) Development of equipment for ballast water treatment 
2) Risk assessment for occupational safety improvement in shipyards
3) Risk assessment for collisions between fishing vessels and cargo ships
4) Preservation of the marine environment and evaluation of environmental values
5) Functional design of container terminals and functional assessment of container handling
6) Application of applied mathematics to ship equipment design

Some of our projects are introduced in the next section.

Development of Equipment for Ballast Water Treatment

Development of Risk Analysis Methods and Their Application

Filtration treatment equipment for BWM

 
 
 
 
 
 
 
 
 

Recurrence plot analysis of
human motion

Mock-up experimentation
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   The trend in major treatment equipment for ballast 
water management system is chemical treatment, but 
there is concern that chemically treated ballast water 
will damage the marine environment. In response to 
these new obligations, treatment equipment under 
development in our research laboratories uses new 
effective filtration technologies, and the treated water 
satisfies the IMO requirements for ballast water and 
sediments.

Development of Analytical System for Container Handling
   For the purpose of reduce of energy consumption in 
container terminal, our research laboratories develop 
analytical system for container handling in container 
terminal. This system combines data such as 
geometrical information, specification of container 
handling gears and their motion, and it can analyze 
the actual operation.

   In the production or operation stages of large scale structures such as ships and marine structures, 
it is important to consider safety management. Preliminary design risk assessment at the start of a 
project is of growing importance in the design stage of ships, and marine structures and systems. 
Therefore, we are developing risk analysis methods and are applying them to safety problems. The 
photographs below show an example of an application to occupational safety management, and the 
analytical methodology for human motion that has been developed using chaos theory in the field of 
complex systems science and the modeling of human body motion.
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there is concern that chemically treated ballast water 
will damage the marine environment. In response to 
these new obligations, treatment equipment under 
development in our research laboratories uses new 
effective filtration technologies, and the treated water 
satisfies the IMO requirements for ballast water and 
sediments.
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   For the purpose of reduce of energy consumption in 
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analytical system for container handling in container 
terminal. This system combines data such as 
geometrical information, specification of container 
handling gears and their motion, and it can analyze 
the actual operation.

   In the production or operation stages of large scale structures such as ships and marine structures, 
it is important to consider safety management. Preliminary design risk assessment at the start of a 
project is of growing importance in the design stage of ships, and marine structures and systems. 
Therefore, we are developing risk analysis methods and are applying them to safety problems. The 
photographs below show an example of an application to occupational safety management, and the 
analytical methodology for human motion that has been developed using chaos theory in the field of 
complex systems science and the modeling of human body motion.
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 Structural Systems Laboratory
Associate Prof. Daisuke YANAGIHARA

Study on the Strength Analysis of Structure

Collapse mode of hybrid structure 
with different core density

 

General buckling mode of ring stiffened cylinder 
under external pressure

 

　Ships and offshore structures will be undergone the various loads, such as wave load, wind load, 

cargo load and self weight load, and these loads will fluctuate dynamically with structural motion and 

deformation. To assure the safe operation of ships and offshore structures, static and dynamic 

behavior of structures must be clarified under various loadings. Moreover, in these structures which are 

constructed by welding, the defects and residual deformations and stresses will be remained due to 

welding, and residual deformation by collision, cracks by fatigue, and reduction of plate thickness by 

corrosion will take place. Therefore, the structural safety must be evaluated considering the above 

factors. 

　In Structural Systems Laboratory, in order to confirm and improve the structural safety, the numerical 

and experimental techniques have been developed.

　To assure the safety of passenger, crew, and cargo, it is important to improve the structural strength 

with considering economical efficiency. For the above purpose, we have been investigating following 

items.

1) Study on the crashworthiness of vehicle

・Damage prediction technique in collision utilizing 

numerical simulation

・Development of energy absorption Elements 

(hybrid structure) to reduce the damage

2) Study on the buckling und ultimate strength of 

plate and shell structure

・Evaluation of ultimate strength of hull girder under 

considering of lateral load and initial imperfection.

・Buckling and ultimate strength of sphere, 

cylinder, and ellipsoidal sphere with imperfections

・Evaluation of residual strength after collision of 

vehicle 

3) Development of new structural member with 

enough strength, light weight, and low cost

・Hybrid structure (alternatives to stiffened panel)

4) Development of new numerical simulation 

technique

・Coupling analysis between structure and fluid/

ore particle(see next page)

・Structural optimization procedure with utilizing genetic algorithm and neural network.

Study on Coupling analysis between structure and fluid or ore particles

Study on Improvement of Nondestructive Inspection Procedure

Calculation result of ore pressure in 
inclined condition by distinct element method 

 

defect 

sencer

 

Ｓｔｅｅｌ 

Simulation results of wave propagation behavior 
in ultrasonic inspection 

Image of divided sound point 
for angle beam ultrasonic testing in SPM

 
 

 

 

 

　Ship structure will be undergone the static and 

dynamic loads from the surrounding water and 

cargoes. To evaluate the structural strength, it is 

important to estimate accurately the magnitude and 

time history of applied loads.

Because the impact load such as bow flare slamming 

loads and ore pressure will variate due to the 

deformation of structure, it is necessary to establish 

the calculation procedure of load considering the 

coupling effect between structure and fluid or ore 

particles.

In this laboratory, the time history of bow flare slamming load is simulated and the structural response 

is calculated considering the coupling effect between structure and water including air cushion effect by 

utilizing explicit FE software, LS-DYNA. And also, the ore pressure is calculated by coupling analysis 

between the structure, modeled by FEM ,and the ore particles, modeled by Distinct Element Method.

　It is important to inspect the size, shape and location of defects in weld metal and HAZ (heat effected 

zone) to verify the soundness of welded structure and remove the defect. Among many inspection 

procedures such as X-ray testing and magnetic flaw testing, ultrasonic testing (UT) is an useful 

procedure with high precision, safety for inspector and low cost. Therefore, new techniques of 

ultrasonic inspection, such as TOFD (time of flight diffraction) and phased array, have been developed 

in these days. With the aim of improving accuracy of ultrasonic inspection, we have been investigation 

the following items.

1. Clarification of ultrasonic wave propagation behavior by numerical simulation utilizing FEM

2. Development of new calculation procedure（SPM ; Superposition method）for calculating reflected 

waveform from defect. SPM is based on the superposing of waves from the single sound sources 

and it is able to calculate 500-1000 times faster than FEM.

3. Development of identification procedure of defects 

by utilizing neural network

Lab. Info. 
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Fatigue, Fracture, Welding Mechanics and Production Systems
Prof.  Koji GOTOH

 

Derailment accident caused by fatigue damage in steel 
wheel (http://en.wikipedia.org/wiki/File:Ice_eschede_1.jpg) 

 
Fatigue damage occurred highway bridge column 
(Photo credit: Metropolitan Highway Company Ltd.) 

 
Fatigue crack found on the upper deck of crude oil tanker
(http://www.imo.org/Safety/mainframe.asp?topic_id=746) 

   In the construction of large metal structures such as 
ships, offshore structures, bridges, buildings, 
airplanes and power plants, efforts to reduce 
production costs while maintaining the structural 
integrities are essential. To establish an efficient 
production system, optimization based on a thorough 
understanding of the characteristics of the various 
construction processes such as placement, cutting, 
welding and assembly is necessary. Furthermore, 
research related to fracture control at the design 
stage and inservice conditions is imperative.
   Education and research areas in our laboratoryinclude: 
1) the construction and production systems of large 
structures; 2) the evaluation of the integrity of structures 
and materials based on strength of materials, elasticity, 
plasticity, fracture mechanics, reliability analysis and 
evaluation of material deterioration that occurs in 
processing and inservice conditions.
   Our laboratory focuses on developing the concept of 
Fracture Control Design by Analysis. Fracture Control 
Design is applied in the design of various structures. 
By combining it with the methodology of Design by 
Analysis, we are proposing a next generation design 
method named Fracture Control Design by Analysis. 
Unlike conventional methods of current damage 
allowance design, we aim to develop a design 
method that will allow analytical prediction of the 
entire process of fatigue crack nucleation and 
propagation, as well as the limits of unstable fracture 
occurrence. The design method will be applicable to 
various structures and will take into account the 
production process. If the development of this method 
is accomplished, not only will it be possible to predict 
fracture occurrences quantitatively at the design 
stage and reasonably plan for maintenance 
inspections, but large-scale rationalization of the 
production line will also be made possible. 
Furthermore, in the case of structures that are in service, the assessment of remaining life and 
maintenance checks will be more accurate; and in the case of new structures, the assessment of their 
resistance to fracture will be markedly more accurate.
  To achieve this goal, it is necessary to solve several individual problems and we are presently 
conducting research into the following three areas:

Wear Performance of Mooring Chain

Numerical Simulation of Fatigue Crack Growth 

Application of Laser - Arc Hybrid Welding to hull constructions

Inter-link wear test machine

Lab. Info. 

An example of fatigue crack growth analysis
under superimposed loading history.

Laser–Arc hybrid welding

Estimation of residual stress distribution by
 the inherent stress method

  Fatigue crack growth simulation based on the strip yield model 
considering the loading histories, residual stress and mean stress 
effect is performed for in-service structures. Fatigue crack closure 
and fatigue crack initiation modelsdeveloped by our lab are 
incorporated into the simulation code.Further challenges for this 
field include: 1) The consideration of work hardening effects of 
materials in simulations, 2) The application to embedded or 
surface crack problems, 3) The biaxial loading effect of fatigue 
crack growth, 4) The development of finite element analysis based 
on fatigue crack growth simulation.
  Some of research projects are funded by the Grant-in-Aid for 
Young Scientists (S)(No.21676007) by Japan Society for the 
Promotion of Science from FY2009 to FY2013.

Establishment of a quantitative wear evaluation method for 
mooring chains is important to develop the floating wind turbine 
power plant in the deep sea area.

An experimental facility to reproduce the wear caused by sliding 
between links at the scale of an actual floating wind turbine has 
been developed to investigate the wear performance in dry and 
seawater mist conditions. In addition, nonlinear finite element 
analysis has been improving to estimate the behaviour of wear 
between links. This project is conducted as the joint research 
project with Ocean Energy Resources Laboratory in our department.

   Laser - Arc hybridwelding offer many advantages over traditional 
arc welding processes, e.g. MAG welding, due to their higher 
energy power density. The advantages include high-speed seam 
welding, low welding deformation, single pass welding of thick 
plate by I-shaped groove. On the other hand, high-precision 
groove preparations are required to apply this welding. 
  We are studying for expanding the applicable plate thickness 
range of the hybrid welding without special supporting and groove 
preparation facilities. Besides, the new welded structures to take 
advantage of the hybrid welding are investigating.
 In connection with this study, the practical estimation of 
deformations and residual stress distributions caused by welding, 
thermal cutting and flame line heating for forming areinvestigated.
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considering the loading histories, residual stress and mean stress 
effect is performed for in-service structures. Fatigue crack closure 
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incorporated into the simulation code.Further challenges for this 
field include: 1) The consideration of work hardening effects of 
materials in simulations, 2) The application to embedded or 
surface crack problems, 3) The biaxial loading effect of fatigue 
crack growth, 4) The development of finite element analysis based 
on fatigue crack growth simulation.
  Some of research projects are funded by the Grant-in-Aid for 
Young Scientists (S)(No.21676007) by Japan Society for the 
Promotion of Science from FY2009 to FY2013.

Establishment of a quantitative wear evaluation method for 
mooring chains is important to develop the floating wind turbine 
power plant in the deep sea area.

An experimental facility to reproduce the wear caused by sliding 
between links at the scale of an actual floating wind turbine has 
been developed to investigate the wear performance in dry and 
seawater mist conditions. In addition, nonlinear finite element 
analysis has been improving to estimate the behaviour of wear 
between links. This project is conducted as the joint research 
project with Ocean Energy Resources Laboratory in our department.

   Laser - Arc hybridwelding offer many advantages over traditional 
arc welding processes, e.g. MAG welding, due to their higher 
energy power density. The advantages include high-speed seam 
welding, low welding deformation, single pass welding of thick 
plate by I-shaped groove. On the other hand, high-precision 
groove preparations are required to apply this welding. 
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Study on Axiomatic Mathematical Expression of Ship Design Based on 
Information Theoretical Aesthetics  

Ship Design and Maritime Intelligence Technology Laboratory 
Associate Prof. Satoru YAMAGUCHI

The earth is like a large spaceship voyaging through cosmic space. We have to be in tune with the 

environment of the earth because the human race cannot live in a sustainable way anywhere but the 

earth. The natural environment of the earth is governed by energy circulation, and most of the natural 

energy is based on the radiant energy from the sun. Half of the energy from the sun is reflected by the 

surface of the earth as short-wave reflections and the remaining energy circulates in the atmosphere, 

in the ocean and in the land, until finally it is discharged out to cosmic space. The problems of the 

global environment originate in the relationship between the circulating energy and the energy 

consumed by human race. 

The ocean has a significant role in this energy circulation. The purpose of our laboratory is to pursue, 

using an engineering approach, the way the human race coexists with the natural environment of the 

earth from the view point of the ocean. 

Many people experience the aesthetic qualities such as grace, dignity, sophistication, elegance and 

splendor of the appearance of a ship. In their long 

history, ships have been built using the 

cutting-edge technology of their time, and the 

functions of a ship take priority in decisions on the 

ship’s design. In many cases, the beauty of a ship 

is synonymous with “beautility”. The field 

corresponding to architectural aesthetics in 

architectonics has not evolved much in naval 

architecture until now, but the demand for cruising 

ships and high-speed passenger and car ferries is 

growing with the global increase of interest in 

leisure. Japanese and European shipyards are 

being requested to supply attractive ships for 

passengers who enjoy an affluent life and richness of spirit. 

In our laboratory, analytical methods such as information theoretical aesthetics, using golden section, 

and dynamic symmetry, are formulated based on the design axiom which includes the aesthetics of a 

ship in the design process. 
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Schematic of Database for a Passenger/car Ferry 

Study on Formulation of a Guarantee System for Seaworthiness 

Study on Development of Underwater Vehicles for Ocean Observation
In our laboratory, the study on autonomous gliding vehicles is carried out as an effective tool for 

ocean observations. In a previous study, numerical simulations were carried out to design a control 

system based on a mathematical model of the vehicle’s motion. It was confirmed by tank experiments 

that the developed gliding vehicle has 

high-performance as an autonomous underwater 

vehicle. 

Biomimetics is gathering attention as a potential 

way of developing a high-performance robot for 

ocean development. Our laboratory has been 

developing a fish type robot using an artificial 

muscle. The robot can realize unique swimming 

motions such as sudden acceleration and sharp 

turning by the motion mechanism using a shape 

memory alloy type artificial muscle. 

In this study, a system to guarantee a ship’s performance in waves, or its seaworthiness, is proposed 

for ship design. Generally, the speed and 

manoeuvrability of a ship in a trial are guaranteed 

in the building of the ship but its performance in 

waves is currently not guaranteed quantitatively. 

We are implementing a project that realizes high 

added value to a ship's design such as high safety, 

high performance and maintenance free ships by 

adopting into the design the concept of a 

guarantee system for operating in waves. The 

guaranteed items are the propulsion performance 

and manoeuvrability in waves, wave loads, 

structural response etc.  

The development of the guarantee system 

needs advanced analytical techniques and 

comprehensive monitored data of cruises 

including wave conditions in the ocean. For this purpose, a ship motion monitoring system that is easy 

to use and has high accuracy and stability was developed.

Underwater Gliding Vehicle  
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Study on Axiomatic Mathematical Expression of Ship Design Based on 
Information Theoretical Aesthetics  

Ship Design and Maritime Intelligence Technology Laboratory 
Associate Prof. Satoru YAMAGUCHI
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Development of fundamental technology for deep-sea energy resources utilization

  Unlike Europe and the North Sea, many of suitable 

sites for offshore wind power generation in Japan face 

open oceans; there is always subject to infestation of 

swell particularly in the coast of Pacific Ocean, which 

is harsh natural environment conditions than Europe. 

Because of the risks which do not exist in Europe such 

as typhoon, earthquake and tsunami and a limited 

experience with offshore wind power generation, an 

offshore wind power project in Japan is seen as a high 

risk. It is a reality that property and casualty insurance 

premiums are set expensive for an offshore wind 

power project in Japan.

  So, we will commence a new project on “Development 

and demonstration of a simulation tool for risk 

reduction in marine operations of offshore wind power 

generation facilities” (2016 - 2018 FY). In this study, we 

will first develop a numerical simulation tool for marine 

operations suitable for the actual situation of the 

construction environment of Japan’s offshore wind power generation facility. Then, we will apply this 

simulation tool to actual marine operations of offshore wind power generation facilities, and verify and 

demonstrate its effectiveness. Finally, we will open the simulation tool as a freeware; by achieving its wide 

spread, we will help the risk reduction in marine operations in Japan.

  In order to achieve the 80% reduction of greenhouse gas emissions in 2050, which is Japan’s long-term 

target, 200 million t-CO2/year of CCS (Carbon dioxide Capture and Storage) will be necessary even 

after achievement of the maximum energy demand reduction as well as maximum implementation of the 

renewable energies. There will be no other choices than the storage of CO2 in the reservoirs under the 

seabed in Japan. This will require the same technology as a deep-sea energy resource development; 

however, the underlying technology has not yet well-established. In addition, since introduction of CCS 

will bring an increase of cost of energy, we should consider the technical choices in view of cost.

  So, we will commence a new project on “Basic concept study for large-scale CCS implementation 

under the seabed off the coast of Japan”. In this study, targeting the reservoirs under the seabed off the 

coast of Japan, we will consider basic concepts for the entire system in carrying out the large-scale 

CCS. Here, in order to take into account the economic feasibility as well as the technical feasibility, we 

will develop a cost model for the offshore CCS. Then, we will evaluate the economic feasibility of plural 

basic concepts. Through this evaluation, we will extract the basic concept of the whole system which 

will be feasible in both technical and economical points of view. The goal of this study is to obtain the 

guidelines for more detailed research and development in the subsequent phases.

Lab. Info. 

Construction of offshore wind turbine

 

Development of fundamental technology for marine renewable energy utilization

Ocean Energy Resources Laboratory
Prof. Tomoaki UTSUNOMIYA  

 

 

  Japan is a country with limited energy resources; however, in the waters around Japan, we have a 

variety of ocean energy resources. In particular, the potential of offshore wind energy is enormous, and 

also the development of new energy resources such as methane hydrate is their infancy. For Japan 

who relies on foreign countries for the majority of energy resources, to proceed with the development 

of these ocean energy resources is very important, not only in order to contribute to the improvement 

of Japan's energy self-sufficiency, but also to fulfil the entry into the ocean development markets of the 

world.

  This laboratory aims to inherit and develop the activities of the “Department of Ocean Energy 

Resources” which has worked for two years of April 1, 2014 - March 31, 2016 at the Graduate School 

of Engineering, Kyushu University, based on the cooperation agreement between the Nippon Kaiji 

Kyokai (Class NK) and Kyushu University. Specifically, we shall work on the following two themes:

　1) Development of fundamental technology for marine renewable energy utilization

　2) Development of fundamental technology for deep-sea energy resources utilization

  Among various marine renewable energies, 

Department of Ocean Energy Resources has 

particularly promoted the demonstration 

projects on floating offshore wind turbines 

towards their practical implementation as the 

main activity.

  One is the floating wind turbine demonstration 

project off the coast of Kabashima, Goto, 

Nagasaki Prefecture (funded by Ministry of the 

Environment). In this project, a spar-type 

floating body equipped with a 2MW wind turbine 

was installed off the coast of Kabashima, Goto, 

and power generation experiment at sea with 

grid-connection has been made. This 

technology has been proven for the safety, reliability and economic efficiency as a power-generation 

facility, also evaluated on the suitability in terms of the environment and social acceptance.

  On the other hand, cost-reduction of the facility is still a top priority in the practical implementation of a 

floating wind turbine. In particular, more than 30% of the cost (including construction costs) is consumed 

in the mooring system. So, we started the project on “development and demonstration on cost-reduction 

of the mooring system in floating wind turbine facilities” (funded by Ministry of the Environment, 2015 - 

2017 FY). In this project, we will develop a suction anchor, a synthetic fiber rope, a method for evaluation 

of wear of mooring chain, and the guidelines on these results in order to be used widely in Japan.

Floating Offshore Wind Turbine
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Development of fundamental technology for deep-sea energy resources utilization

  Unlike Europe and the North Sea, many of suitable 

sites for offshore wind power generation in Japan face 

open oceans; there is always subject to infestation of 

swell particularly in the coast of Pacific Ocean, which 

is harsh natural environment conditions than Europe. 

Because of the risks which do not exist in Europe such 

as typhoon, earthquake and tsunami and a limited 

experience with offshore wind power generation, an 

offshore wind power project in Japan is seen as a high 

risk. It is a reality that property and casualty insurance 

premiums are set expensive for an offshore wind 

power project in Japan.

  So, we will commence a new project on “Development 

and demonstration of a simulation tool for risk 

reduction in marine operations of offshore wind power 

generation facilities” (2016 - 2018 FY). In this study, we 

will first develop a numerical simulation tool for marine 

operations suitable for the actual situation of the 

construction environment of Japan’s offshore wind power generation facility. Then, we will apply this 

simulation tool to actual marine operations of offshore wind power generation facilities, and verify and 

demonstrate its effectiveness. Finally, we will open the simulation tool as a freeware; by achieving its wide 

spread, we will help the risk reduction in marine operations in Japan.

  In order to achieve the 80% reduction of greenhouse gas emissions in 2050, which is Japan’s long-term 

target, 200 million t-CO2/year of CCS (Carbon dioxide Capture and Storage) will be necessary even 

after achievement of the maximum energy demand reduction as well as maximum implementation of the 

renewable energies. There will be no other choices than the storage of CO2 in the reservoirs under the 

seabed in Japan. This will require the same technology as a deep-sea energy resource development; 

however, the underlying technology has not yet well-established. In addition, since introduction of CCS 

will bring an increase of cost of energy, we should consider the technical choices in view of cost.

  So, we will commence a new project on “Basic concept study for large-scale CCS implementation 

under the seabed off the coast of Japan”. In this study, targeting the reservoirs under the seabed off the 

coast of Japan, we will consider basic concepts for the entire system in carrying out the large-scale 

CCS. Here, in order to take into account the economic feasibility as well as the technical feasibility, we 

will develop a cost model for the offshore CCS. Then, we will evaluate the economic feasibility of plural 

basic concepts. Through this evaluation, we will extract the basic concept of the whole system which 

will be feasible in both technical and economical points of view. The goal of this study is to obtain the 

guidelines for more detailed research and development in the subsequent phases.
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  Japan is a country with limited energy resources; however, in the waters around Japan, we have a 

variety of ocean energy resources. In particular, the potential of offshore wind energy is enormous, and 

also the development of new energy resources such as methane hydrate is their infancy. For Japan 

who relies on foreign countries for the majority of energy resources, to proceed with the development 

of these ocean energy resources is very important, not only in order to contribute to the improvement 

of Japan's energy self-sufficiency, but also to fulfil the entry into the ocean development markets of the 

world.

  This laboratory aims to inherit and develop the activities of the “Department of Ocean Energy 

Resources” which has worked for two years of April 1, 2014 - March 31, 2016 at the Graduate School 

of Engineering, Kyushu University, based on the cooperation agreement between the Nippon Kaiji 

Kyokai (Class NK) and Kyushu University. Specifically, we shall work on the following two themes:

　1) Development of fundamental technology for marine renewable energy utilization

　2) Development of fundamental technology for deep-sea energy resources utilization

  Among various marine renewable energies, 

Department of Ocean Energy Resources has 

particularly promoted the demonstration 

projects on floating offshore wind turbines 

towards their practical implementation as the 

main activity.

  One is the floating wind turbine demonstration 

project off the coast of Kabashima, Goto, 

Nagasaki Prefecture (funded by Ministry of the 

Environment). In this project, a spar-type 

floating body equipped with a 2MW wind turbine 

was installed off the coast of Kabashima, Goto, 

and power generation experiment at sea with 

grid-connection has been made. This 

technology has been proven for the safety, reliability and economic efficiency as a power-generation 

facility, also evaluated on the suitability in terms of the environment and social acceptance.

  On the other hand, cost-reduction of the facility is still a top priority in the practical implementation of a 

floating wind turbine. In particular, more than 30% of the cost (including construction costs) is consumed 

in the mooring system. So, we started the project on “development and demonstration on cost-reduction 

of the mooring system in floating wind turbine facilities” (funded by Ministry of the Environment, 2015 - 

2017 FY). In this project, we will develop a suction anchor, a synthetic fiber rope, a method for evaluation 
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Structural Vibration of Ship and Fluid-Structure Interaction

R&D of Wave Energy Converter Station

Vibration test of a tank containing water

Floating power station with multiple OWCs 
MC-OWC

Very large floating coal stockyard (VLFCS)

 

 
 

 

 

 

　Large exciting forces like propeller induced 

force and unbalanced forces from engines are 

generated on ship. Magnitude and frequency of 

the force change due to shaft revolution. Ship 

structure is a complicated structure composed of 

plates, girders, and stiffeners. Furthermore the 

structural members are in contact with inner or 

outer liquid like water, cargo oil, and seawater. 

Therefore the effect of added mass of liquid 

cannot be neglected. It means that it is not easy 

to predict the vibration in ship. Large vibration 

may induce metal fatigue damage as well as bad human environment for clues and passengers. It is 

important for designers to estimate and suppress such vibration. Vibration of superstructures and tank 

structures have been studied in the laboratory.

　Recently ocean renewable energy (ORE) are 

gathering attention for prevention from global 

warming and reduction of nuclear power plant use. 

Wave energy utilization is one of the OREs. 

Mechanical energy of the waves are to be converted 

to electric energy by some converting mechanism. A 

floating power station with multiple OWC (Oscillating 

Water Column) devices called ‘MC-OWC’ has been 

studied recently for development and design.

Hydroelasticity and structural design of VLFS
　Ocean space utilization using very large floating structures (VLFSs) in the ocean is one of dreams in 

the mankind. Large floating city and floating airport are proposed, and feasibility study were studied to 

realize them. ‘Mega-float’ project was an 

example. It is said VLFSs have an advantage 

in the environmental aspect, earthquake 

resistance, and cost effectiveness. On the 

other hand, some difficulties on design and 

estimation of dynamic structural response 

resulting from the large scale and 

hydro-elastic characteristics. Structural 

design for VLFSs have been studied.
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Structural Dynamics Laboratory in the endowed course of Ship-based 
Core Human Resource Development for Ocean Related Engineering

 

Activity of Ship-CORE course

The 1st meeting of Ship-CORE seminar

　The endowed chair is established in this department on Oct. 2018 supported by Kawasaki Heavy 
Industries, Ltd., Japan Marine United Cooperation, and Mitsui E&S Shipbuilding Co., Ltd. to develop 
core human resources in the field of shipbuilding and ocean engineering. One of the target of this 
course’s activity is to develop human resources who are responsible at high level for the demand in 
industries in addition to the conventional knowledge and skills on marine and ocean engineering. This 
course plans and manages meetings, seminars, exchange, and lectures between academia and the 
industries as well as research cooperation.
　The field of education of this laboratory is to related to ‘Strength of material,’ ‘Vibration of Ship 
Structures,’ ‘Continuum Mechanics,’ and ‘Structural Engineering of Marine Structures.’ The faculty 
staffs are responsible for the lectures and supervising students for graduate thesis, master thesis, and 
doctoral research.
　Research activities are going on in the field of vibration in ship structures, hydro-elasticity of floating 
structures, ocean renewable energy utilization, and strength of risers and cables. For examples, 
studies on vibration of superstructures of ships, vibration of tank structures in contact with liquid, 
dynamic response of large floating structures, hydroelastic response of very large floating structures, 
and research & development of floating wave energy power station.

　Important role of the endowed chair is to 
contribute and to manage for continuous 
development of education for shipbuilding 
and ocean engineering. In other words, 
this course has the role to assist for 
sustaining the education program needed 
for naval architects, and incorporating new 
technologies, and feedback of the 
experience in the industries to respond to 
demanded abilities in cooperation of the 
supporting industries. The cooperative 
activities with industry may activate 
education and research. 
　The intensive internship for graduate 
students in the supporting industries, 
Ship-CORE seminar presented by lectures 
from industry, exchange meetings on 
vision for the future, research, and 
discussions are organized.

Prof. Yukitaka YASUZAWA

21



Structural Vibration of Ship and Fluid-Structure Interaction

R&D of Wave Energy Converter Station

Vibration test of a tank containing water

Floating power station with multiple OWCs 
MC-OWC

Very large floating coal stockyard (VLFCS)

 

 
 

 

 

 

　Large exciting forces like propeller induced 

force and unbalanced forces from engines are 

generated on ship. Magnitude and frequency of 

the force change due to shaft revolution. Ship 

structure is a complicated structure composed of 

plates, girders, and stiffeners. Furthermore the 

structural members are in contact with inner or 

outer liquid like water, cargo oil, and seawater. 

Therefore the effect of added mass of liquid 

cannot be neglected. It means that it is not easy 

to predict the vibration in ship. Large vibration 

may induce metal fatigue damage as well as bad human environment for clues and passengers. It is 

important for designers to estimate and suppress such vibration. Vibration of superstructures and tank 

structures have been studied in the laboratory.

　Recently ocean renewable energy (ORE) are 

gathering attention for prevention from global 

warming and reduction of nuclear power plant use. 

Wave energy utilization is one of the OREs. 

Mechanical energy of the waves are to be converted 

to electric energy by some converting mechanism. A 

floating power station with multiple OWC (Oscillating 

Water Column) devices called ‘MC-OWC’ has been 

studied recently for development and design.

Hydroelasticity and structural design of VLFS
　Ocean space utilization using very large floating structures (VLFSs) in the ocean is one of dreams in 

the mankind. Large floating city and floating airport are proposed, and feasibility study were studied to 

realize them. ‘Mega-float’ project was an 

example. It is said VLFSs have an advantage 

in the environmental aspect, earthquake 

resistance, and cost effectiveness. On the 

other hand, some difficulties on design and 

estimation of dynamic structural response 

resulting from the large scale and 

hydro-elastic characteristics. Structural 

design for VLFSs have been studied.

Lab. Info. 

 
Structural Dynamics Laboratory in the endowed course of Ship-based 
Core Human Resource Development for Ocean Related Engineering

 

Activity of Ship-CORE course

The 1st meeting of Ship-CORE seminar

　The endowed chair is established in this department on Oct. 2018 supported by Kawasaki Heavy 
Industries, Ltd., Japan Marine United Cooperation, and Mitsui E&S Shipbuilding Co., Ltd. to develop 
core human resources in the field of shipbuilding and ocean engineering. One of the target of this 
course’s activity is to develop human resources who are responsible at high level for the demand in 
industries in addition to the conventional knowledge and skills on marine and ocean engineering. This 
course plans and manages meetings, seminars, exchange, and lectures between academia and the 
industries as well as research cooperation.
　The field of education of this laboratory is to related to ‘Strength of material,’ ‘Vibration of Ship 
Structures,’ ‘Continuum Mechanics,’ and ‘Structural Engineering of Marine Structures.’ The faculty 
staffs are responsible for the lectures and supervising students for graduate thesis, master thesis, and 
doctoral research.
　Research activities are going on in the field of vibration in ship structures, hydro-elasticity of floating 
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dynamic response of large floating structures, hydroelastic response of very large floating structures, 
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contribute and to manage for continuous 
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this course has the role to assist for 
sustaining the education program needed 
for naval architects, and incorporating new 
technologies, and feedback of the 
experience in the industries to respond to 
demanded abilities in cooperation of the 
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Scheduling of a Shipbuilding Line

Position Estimation using Signal Strength of Arbitrary Wireless LAN
  In ship-building factories, tracing positions 

of workers or things is required to analyze 

working process or logistics in the factory.  

However, GPS systems are not available in 

the buildings.  We have discussed to make 

use of existent wireless LAN facilities for it.  

The red point in the figure shows the result of 

the position estimation in a real factory.  The blue point is the real position, and white points are observed 

points of the database for the estimation calculation.  The error of the distance is less than 5 [m].

  We have discussed a unified approach to 

scheduling problems of shipbuilding lines 

based on discrete event-driven system 

theory.  Dynamics of some production lines 

are mathematically described using linear 

system representations based on Max-Plus 

algebra, which makes it possible to solve 

the scheduling problems to keep delivery 

dates strictly by adjusting arrival times of 

parts or materials based on model 

predictive control theory.  We investigated 

how to model a complex shipbuilding line consisting of assembly lines and stockyards.  Just-in-time 

scheduling problem of the shipbuilding line for a mass production of bulk carriers are discussed based 

on max-plus modeling and 1- step model predictive control.  The current research is going on applying 

2-step predictive method in order to take into account with a variation in the block sizes of 4 ships.

 
Systems Planning Laboratory in the endowed course of Naval Architecture and
Marine Systems Engineering Human Resource Development

Prof. Hajime KIMURA  

  The laboratory aims to educate human resources who inherit and develop naval architecture and 

Marine systems engineering. In particular, we are emphasizing information, optimization and artificial 

intelligence technologies as decisive factors in target marine systems.

Automatic Design of Pipe Arrangements

Advanced use of LAN for Shipboard Equipments and 3D Information

  In recent years, making use of 3-D CAD for the 

pipe arrangement design becomes usual, and it 

contributes to efficient design or assembly of the 

pipes.  However, the CAD system is merely simple 

tools to indicate locations of the parts, no practical 

automatic design system for pipe arrangement 

exists.  Designing pipe arrangement needs highly-

skilled engineering since the designer should 

consider operability and easiness of maintenance 

of instruments.  Development of the automatic 

design of pipe arrangement will contribute not only 

to shipbuilders but to education for new engineers 

through the analysis of the experts' arrangement 

design techniques.

  We aim to rationalize the operation or maintenance of the ships by combining the LAN for shipboard 

equipment systems and the ships' 3D information.  The system is composed of the shipboard LAN, web 

servers on the ship, equipments connected to the LAN, a fleet broadband, Internet, and computers in 

land-based offices following ISO16425.  We aim remote control or observation of the equipments in the 

ships through the network from the land-based offices by using standard browsers that make use of 3D 

information of the ships for human interfaces.  The environment of the ships is well known since it is 

designed by 3D-CAD, and it is arranged for human crews, then 

economic teaching-playback type humanoid robots will be 

suitable for working in the ships.  We discuss the effect of the 

system combined the network with the robots.

A  Sample of The Automatic Piping Design

The Network Configuration Diagram
Stair-Climbing by the Teaching-Playback Type 

WEB-Operable Humanoid Robot
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  In recent years, making use of 3-D CAD for the 

pipe arrangement design becomes usual, and it 

contributes to efficient design or assembly of the 

pipes.  However, the CAD system is merely simple 

tools to indicate locations of the parts, no practical 

automatic design system for pipe arrangement 

exists.  Designing pipe arrangement needs highly-

skilled engineering since the designer should 

consider operability and easiness of maintenance 

of instruments.  Development of the automatic 

design of pipe arrangement will contribute not only 

to shipbuilders but to education for new engineers 

through the analysis of the experts' arrangement 

design techniques.

  We aim to rationalize the operation or maintenance of the ships by combining the LAN for shipboard 

equipment systems and the ships' 3D information.  The system is composed of the shipboard LAN, web 

servers on the ship, equipments connected to the LAN, a fleet broadband, Internet, and computers in 

land-based offices following ISO16425.  We aim remote control or observation of the equipments in the 

ships through the network from the land-based offices by using standard browsers that make use of 3D 

information of the ships for human interfaces.  The environment of the ships is well known since it is 

designed by 3D-CAD, and it is arranged for human crews, then 

economic teaching-playback type humanoid robots will be 

suitable for working in the ships.  We discuss the effect of the 

system combined the network with the robots.

A  Sample of The Automatic Piping Design

The Network Configuration Diagram
Stair-Climbing by the Teaching-Playback Type 

WEB-Operable Humanoid Robot

Lab. Info. 
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Doctoral Degrees 2013
Doctoral Candidate Thesis Supervisor
Meng Shuai Nonlinear vibration analysis of a cantilevered pipe discharging fluid in the sea H. Kajiwara

Doctoral Degrees 2014
Doctoral Candidate Thesis Supervisor
Lei Duan Development of coupled aero-hydrodynamic models  and design of LPV controllers for 

offshore floating wind turbines 
H. Kajiwara

Tomohiro Ryu A study to improve performance of marine propeller with energy saving device using real-
coded genetic algorithm

J. Ando

Hideki Kumamoto Study on crashworthiness of car body for suburban trains T. Yoshikawa
Hartono Yudo A study on the buckling strength of offshore pipeline subjected to bending and external 

pressure
T. Yoshikawa

Ezzarhan Bin Abdullah Practical evaluation of the structural integrity of welded joint structures towards the 
improvement of the hull construction quality standards

K. Gotoh

Sushant Godghate A study on IT solutions for ship design automation using 3D CAD system S. Yamaguchi

Doctoral Degrees 2015
Doctoral Candidate Thesis Supervisor
Yuto Ando Development of an automatic piping arrangement system for ships H. Kimura
Prachakon Kaewkhiaw Evaluation of Thai long-tail boat propeller performance and its improvement J. Ando
Putu Hanga N.P. Methodology for energy performance analysis of hybrid straddle carrier T. Shinoda
Makoto Taguchi A study on crashworthiness of railway vehicle T. Yoshikawa
Kimihiro Toh Hull girder ultimate strength of intact and damaged ship T. Yoshikawa
Kazuki Matsuda Numerical simulation of fatigue crack propagation under superimposed stress histories 

containing different frequency components based on the strip yield model
K. Gotoh

Takayuki Izumi A study on the statistical prediction method for sea kindliness of an oceangoing ship and 
its application

A. Shinkai

Tetsuya Kubota Development of ship motion measuring system for field experiment and its data analysis 
processing

A. Shinkai

Doctoral Degrees 2016
Doctoral Candidate Thesis Supervisor
Daijiro Arakawa A study on effect of pre-swirl inflow due to pre-swirl fin on ship propulsive performance 

and optimization of propeller blade in pre-swirl inflow
J. Ando

Yosuke Anai Proposal of the practical formula for the shape evolution of a fatigue surface crack in 
stress concentrated region and application to the fatigue life assessment

K. Gotoh

Yasushi Morikage Studies about hammer peening treatment which improve fatigue property of weld joints for 
the purpose of application to steel structures

K. Gotoh

Shuichi Tsumura Fundamental research for application of laser-arc hybrid welding for hull construction K. Gotoh
Kohei Yamashita Numerical simulation of fatigue crack propagation based on the strip yield model 

considering the work hardening effect of materials and cyclic plasticity near a crack tip
K. Gotoh

Masahiro Maeda Study on defect identification of ultrasonic testing utilizing numerical simulation*) T. Yoshikawa
Tomoya Iwashita On automatic planning of block assembly line based on heap method H. Kajiwara
I Gusti Ngurah Sumanta Buana Establishment of evaluation model for ship planning and development to support marine 

transportation in indonesia
T. Shinoda

Muhammad Arif Budiyanto Energy saving analysis of reefer container by installation of roof shade T. Shinoda
*) Dissertation Ph.D.

Doctoral Degrees 2017
Doctoral Candidate Thesis Supervisor
Yasuhiko Inukai Study on accuracy improvement of full scale performance prediction method for ship 

equipped with contra-rotating propeller
J. Ando

Shimpei Fujiwara Development of high-performance thrust mechanisms for fish type robot S. Yamaguchi
Tao Luo Evaluation and design methodology for air ventilation system on car carrier T. Shinoda
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Doctoral Degrees 2018
Doctoral Candidate Thesis Supervisor
Chiharu Kawakita Study on frictional drag reduction technology for ship by air lubrication method J. Ando
Naruyoshi Izumi A study on buckling strength of cylindrical shells with or without ring stiffeners under 

shearing load or external pressure
T. Yoshikawa

Taizoh Yamamoto Development of high-speed dual-spindle rotary bending fatigue testing machine K. Gotoh
Mincheol Cho Optimization of midship section for bulk carriers based on common structural rules using 

insect antennae algorithm*)
K. Gotoh

Ruoxuan Li Residual ultimate strength of axially compressed tube after collision or corrosion D. Yanagihara

*) Dissertation Ph.D.

Doctoral Degrees 2019
Doctoral Candidate Thesis Supervisor
Yasuo Ichinose Hull form design method for wake distribution optimization utilizing flow field database J. Ando

Master’s Degrees 2018
MSc student Topic Supervisor
Kou Keida Program development for shipbuilding scheduling based on RCPSP approach H. Kajiwara
Yuta Mizumachi Research on process scheduling in a shipyard with building berth H. Kajiwara
Koya Tanaka Study on improvement of reaction rudder performance J. Ando

T. Kanemaru
Asato Tanaka Numerical analysis on performance of contra-rotating tidal turbine by using a simple 

surface panel method
J. Ando
T. Kanemaru

Yuichi Hirokawa CFD analysis of propeller-rudder interaction J. Ando
T. Kanemaru

Ippei Sakai Study on prediction of hydrodynamic forces acting on ship hull in restricted water Y. Furukawa
Taku Sasaki Study on mooring of ship in waves Y. Furukawa
Keisuke Tajima Study on vortex models for prediction of hydrodynamic forces acting on ship hull in oblique 

motion
Y. Furukawa

Makoto Abe Establishing DEM simulation method for filtration system T. Shinoda
Ryusei Kajiyama Evaluation of noise control measures in super structure for satisfying the code on noise 

levels on board ships in IMO regulations
T. Tanaka

Keisuke Terada Prevention measure for backside burn during welding outfitting equipment for PSPC 
applied ship

T. Shinoda

Hideyo Inutsuka Establishing functional evaluation method for container terminal operating system using 
discrete event simulation

T. Shinoda

Shintaro Nakamura Study on liquefaction of ore particles in bulk carriers T. Yoshikawa
D. Yanagihara

Takuto Nakamura Assessment of buckling and ultimate strength of short cylindrical shell under shearing load T. Yoshikawa
D. Yanagihara

Mizuki Morishita Study on mechanical behavior of soil layer under seabed for mining of ocean resource T. Yoshikawa
Daisuke Shiomitsu Proposal of formula to estimate buckling strength of stiffened cylindrical shell under 

external pressure
T. Yoshikawa
D. Yanagihara

Ryuhei Takeshita Fundamental study for hull construction process of laser-arc hybrid welding K. Gotoh
Masataka Nakagawa Evaluation of wear resistance of a mooring chain of a floating offshore wind turbine K. Gotoh
Masahiro Ogawa A study on position control of a small high-speed boat S. Yamaguchi
Yuki Koga A study on motion of a small high-speed boat in waves S. Yamaguchi
Ryota Sakamoto Gliding control of an underwater glider for offshore resources exploration S. Yamaguchi
Ryo Nogami Transient motion control of an underwater glider for offshore resources exploration S. Yamaguchi
Takaaki Takeuchi Study on wear estimation method and dynamic behavior for mooring chain of floating 

structures
T. Utsunomiya

Yuri Iuchi Fundamental study on estimation of buckling deflection of thin plate due to welding Y. Yasuzawa
Takatomo Setoguchi Study on scale effect of cylindrical OWC device for wave energy conversion Y. Yasuzawa
Hiroshi Matsuda Prediction of vibration characteristics of a separated type super-structure of a ship  Y. Yasuzawa
Nariki Iwauchi Development of a position estimation system making use of signal strength of wireless 

LAN
H. Kimura
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MSc student Topic Supervisor
Hiromi Sata A study of automatic pipe-routing design making use of CFD H. Kimura
Hayato Nakahara A study of 3D-data simplification processing of obstacles in automatic pipe-routing design H. Kimura

Master’s Degrees 2019
MSc student Topic Supervisor
Tomoya Abe Improvement on numerical analysis of performance of contra-rotating tidal turbine by 

using a simple surface panel method
J. Ando
T. Kanemaru

Kazuhiro Tsurusaki Study on hydrodynamic forces acting on high lift rudder J. Ando
T. Kanemaru

Taiga Suzuki Study on prediction of motion of moored ship in waves Y. Furukawa
Ryoga Kusaka Study on prediction method for hydrodynamic forces acting on ship in oblique motion 

considering free vortices motion
Y. Furukawa

Yuki Takahara Study on track keeping control using deep reinforcement learning Y. Furukawa
Kenshi Yamashita Study on prediction of hydrodynamic forces acting on ship in oblique motion in restricted 

water
Y. Furukawa

Guangshuai Liu Study on effective draining for ballast water through ship tank bottom structures T. Shinoda
T. Tanaka

Tatsuki Nemoto Structural reliability assessment on ultimate strength of ship hull under longitudinal 
bending

D. Yanagihara

Tomoya Yoshimochi Estimation of holding power of suction anchor in sandy soil D. Yanagihara
Yuki Sugino Application of the hot-rolled steel sheets to superstructure from the viewpoint of welding 

technology
K. Gotoh

Makoto Taguchi Grain refinement technique by laser irradiation to weld toe for improving fatigue strength of 
welded joint

K. Gotoh

Naoki Morihira Automatic inspection system of weld appearance by applying machine learning K. Gotoh
Masanao Yamasaki Fatigue crack growth law considering reversed stress versus strain behavior near a crack 

tip
K. Gotoh

Takamori Uemura Fundamental studies for utilizing laser-arc hybrid welding in the hull construction stages K. Gotoh
Koki Ando Study on hydrodynamic force acting on a wing in ground-effct vehicle S. Yamaguchi
Tomoki Shibata Mathematical model identification of a small high-speed boat S. Yamaguchi
Issei Yamamoto Development of a buoyancy control device for an underwter glider S. Yamaguchi
Kota Saiki Upending behavior of a spar platform due to water charge T. Utsunomiya
Shohei Motomura Fundamental study on location design of injection wells for offshore CCS T. Utsunomiya
Akihiro Morooka Study on prediction and tuning method for superstructure's vibration by using a whole ship 

FEA
Y. Yasuzawa

Yuu Fujii Study on collapse behavior of a cable with two-layered helical wires under axial and 
bending loading

Y. Yasuzawa
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Doctoral Degrees 2020
Doctoral Candidate Thesis Supervisor
Akinori Okazaki A study on effect of tip rake on propeller induced pressure fluctuations and ship propulsive 

performance
J. Ando

Yuda Apri Hermawan Three dimensional dynamics model of mooring line for coupled motion analysis of floating 
offshore structure in deep water

Y. Furukawa

Bora Choe Study on automatic path following and collision avoidance algorithm for intelligent ships Y. Furukawa
Yoshifumi Takaki Improvement of numerical simulation of fatigue crack propagation under superimposed 

stress histories with different frequency components
K. Gotoh

Toshiaki Iwata Research on fatigue strength of welded joint for applying commercial pure titanium 
materials to hull structure)

K. Gotoh

Ristiyanto Adiputra Design method on plantship and cold water pipe for ocean thermal energy conversion 
(OTEC)

T. Utsunomiya

Takaaki Takeuchi Quantitative prediction of wear amount in anchor chains for mooring of floating structures T. Utsunomiya

Master’s Degrees 2020
MSc student Topic Supervisor
Daiki Tanaka Improvement on numerical analysis of performance of contra-rotating tidal turbine by 

using a simple surface panel method
J. Ando
T. Kanemaru

Kisara Kasai CFD analysis for mutual interaction between propeller and energy saving Rudder J. Ando
T. Kanemaru

Hikaru Ogami A study on estimate method for added resistance in waves J. Ando
T. Kanemaru

Shotaro Maruo A study to improve reaction rudder performance J. Ando
T. Kanemaru

Keiya Matsuo A study on estimation accuracy of a calculation method for pressure fluctuation 
induced by propeller cavitation

J. Ando
T. Kanemaru

Ryuto Miyajima Study on automation of collision avoidance of ships using deep reinforcement learning Y. Furukawa
Kento Yamauchi Study on hydrodynamic forces acting on ship hull in restricted water considering free 

surface
Y. Furukawa

Kento Kishigami Study on 3D simulation method for ship’s sub-assembly process T. Shinoda
T. Tanaka

Yo Takeshita Study on VR evaluation methodology for ship’s cabin in future digital twin T. Shinoda
T. Tanaka

Yohei Mizoguchi Removal methodology for sulfate reducer in water circulatory system of geothermal 
power generation plant by filtration technology

T. Shinoda
T. Tanaka

Yuhao Meng Study on work and safety observation at shipyard with deep neural network T. Shinoda
T. Tanaka

Yasuki Yoshinaga Clarification of collapse behavior and estimation of bending strength of steel web-core 
sandwich panels under lateral distributed loading

D. Yanagihara

Susumu Nitta Improvement of estimation for longitudinal bending ultimate strength of ship hull 
structures based on Smith's method

D. Yanagihara

Naohiro Koyama Investigation of assessment positions for estimating sectional force acted in ship hull 
structures subjected to wave loading

D. Yanagihara

Akihiro Matsuda Assessment for holding power of mooring anchors using Distinct Element Method D. Yanagihara
Yuta Akashi Effect of additive elements for strengthening the grain boundary for retarding fatigue 

crack growth
K. Gotoh

Tetsuya Ueda Reproduction test and numerical simulation method of wear behavior generated in 
mooring chain of floating offshore wind turbine

K. Gotoh

Kensuke 
Kawaharada

Identification of motion model and motion control of a small high speed boat S. Yamaguchi

Keisuke Terada Development of multibody dynamics solver for analysis of floating offshore wind 
turbines

T. Utsunomiya

Kazuki Yamane Control method for mitigation of negative damping effect on floating offshore wind 
turbines

T. Utsunomiya

Ryoya Hisamatsu Dynamic interaction analysis for an OTEC plantship attached with a cold water pipe T. Utsunomiya
Hirokazu Korenari Analysis of estimation of membrane inherent strain from shape imperfection produced 

after improper metal sheet rolling process
Y. Yasuzawa

Kotaro Ikeda Study on structural response and analysis method of a large floating coal stockyard Y. Yasuzawa
Shota Okazaki Automatic pipe arrangement algorithm making use of electric flow phenomena H. Kimura
Koya Murata A development of WEB application for viewing SPEEDS format using X3D H. Kimura
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