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Underwater robots can explore the unknown resources or sunken ships in the
complicated seabed topeology of the coastal area and oceans, both from the scientific
and industrial persi)ectives. In our laboratory, a squid-like robot with twe undulating
side fins which mimics to those of Stingrays or Cuttlefishes has been studied for a long
time. The present model is the fifth generation of the Squid-like underwater robot. In
this dissertation, the contribution of the applicant towards the development of
precisely controllable and environmentally friendly underwater vehicle is discussed. In
the study, the CFD computations on the flow field around bodies similar to the
Squid-robots were conducted. The simulation of motion of the robot using the
undulating fin propulsicn system was also carried out. The computation and simulation
were verified by comparing the results with the experiment.

The dissertation is divided into five chapters:

Chapter 1 introduces a brief review of research history of developing the Squid-robot.
The endeavor of researchers in developing underwater vehicles including undulating
side finned robot is mentioned. The background and the objectives of the present study
are also discussed.

Chapter 2 describes the CFD computation of the flow field around bodies similar to
the Squid-robot. At first, the computation was conducted on a flat body with two
undulating side fins then the computation was extended to Model-4 of the Squid-robaot.
The Finite Analytic Method for space discretization and Euler Implicit Scheme for time
‘discretization along with the PISO algorithm for velocity. pressure coupling were used
in the computation. Body-fitted moving grids were generated around the bodies using
the Poisson egquation at each time step. Based on the computed results, the features of
the flow field and hydrodynamic forces acting on the body and fin were discussed. A
simple relationship among the fin’s principle dimensions was established. Subsequently,
the relationship was examined by considering the distribution of the thrust force on
the fin surface. Finally, for the fin, the open characteristics from computed data were
compared with the experimental observations.

Chapter 3 gives an illustration of the braking performance of the undulating fin
propulsion system of the squid-robot which was investigated through free run
experiment and simulation of the quasi-steady mathematical model. In this study, the
quasi-steady equations of motion were solved using the measured and calculated
hydrodynamic forces and compared with free-run test results. Various braking
strategies were tested and discussed in terms of stopping ability and the forces acting
on the stopping stage. The stopping performance of the undulating fin propulsion
system turned out to be excellent considering the time and distance from the start of
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stopping motion due to the large negative thrust produced by opposite direction
progressive wave. It was confirmed that the roboet can apply its braking performance
effectively even in the complex underwater explorations.

Chapter 4 describes the development of a real time simulator of the squid-robot
based on the analysis of towing tank experiment and simulatien of 6-DOF mathematical
model in 3D space. The accuracy of the simulation was confirmed by comparing the
results with experiment. The real time handling simulator was developed based on the
mathematical model by using Open Dynamic Engine (ODE). It was confirmed that the
robot in this simulator can move in the way similar to real robot using same control

parameters.

The final chapter, chapter 5 contains the main conclusions drawn from the
computation and simulation studies of the thesis. The future plan for upgrading the
underwater robot is also mentioned.
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