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Synopsis of Thesis

Title: Study on biomimetic locomotion using oscillatory paired limbs
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The utilization of paired biomimetic oscillatory limbs can be taken into account as a
means of improving the maneuverability of underwater vehicles concurrently with
either fully providing or assisting propulsion. Past researches on mechanical pectoral
fins of fish and fore flippers of sea turtle concentrate on certain aspects of them
{hydrodynamics, material or shape, for instance) and less work has been done on the
compatibility between underwater vehicles and paired oscillating limbs.

In this thesis centering on how to apply paired flexible biomimetic flapping limbs
onto underwater vehicles and how to investigate the effects of their locomotion on the
swimming performance of their attached bodies, a united methodology is proposed to
evaluate the performance of flexible artificial pectoral fins and prosthetic fore flippers
from the aspects of (1) material properties and manufacturing of the paired oseillating
limbs; (2) 83D kinematics of their movement; (3) the fluid dynamics characteristics.
Furthermore, as an extension, this dissertation also discusses the characteristics of
pectoral fins from the viewpoint of the effect of fin form and flexibility on the motion
control of underwater vehicles by allowing the vehicle to carry out a specific task. On
the one hand flexible prosthetic flippers are develeped for an injured sea turtle “Yu”;
on the other hand a series of flexible pectoral fin research is done specific to
PLATYPUS, a biomimetic underwater vehicle. The main conclusions are summarized as
below:

1) On prosthetic fore flippers of sea turtles

By observing the motion trajectories of fore flippers, it can be seen that on the
horizontal plane parallel to the body of sea turtles, the fore flippers of Sho {(a healthy
sea turtle) and Yu depict a circular arc with large curvature, but in case of Yu
equipped with prosthetic flippers, the projecting trajectory on this plane is a circular
arc with small curvature; on the vertical plane from the side view of sea turtles, the
projecting trajectories of the fore flippers of Sho and Yu are ovals but in case of Yu
equipped with prosthetic flippers the trajectory is similar to an oval with twist at the
posterior position for the left prosthetic flipper and at the middle position for the right
prosthetic flipper. ‘

The proposed 3D hydrodynamic analysis method based on wing element theory can to
some extent evaluate the hydrodynamics of sea turtles’ forelimb motion. It shows
prosthetic flippers can assist gener'ating thrust but the thrust generated by the right
flipper is larger than that generated by the left one. Therefore from the viewpoint of
the compatibility between fore flippers and sea turtles, it is better to improve present
prosthetic flippers to make both flippers generate equal thrust to make sure that Yu’s
swimming motion become smooth.



2) On pectoral fins of Fish

Straight forward and backward swimming experiments of PLATYPUS verify that
flexible pectoral fins can propel the vehicle faster than rigid ones do within the same
fin controlling parameters. Iterative computation of spanwise deformation of
asymmetric pectoral fins between Finite Element software and wing theory shows that
flexible softer fin can generate larger thrust compared to flexible harder fin and rigid
fin; lift force plays an important role in generating thrust; the investigation of tip
deformation clarifies that spanwise deformation has positive influence on the
generation of thrust for pectoral fins.

Point-to-point (PTP) control tests in still water and water currents are employed to
investigate the effects of fin form and flexibility on the motion control of PLATYPUS.
From turning ability test of PLATYPUS using only rear fins the azimuth fuzzy control
range 15 selected; from swimming ability test of PLATYPUS using only fore fins the
distance fuzzy control range is selected. From the PTP control tests in still water and
in water currents, it can be said that the compatibility between underwater vehicles
and pectoral fins changes under different given conditions. First, for different pectoral
fins the suitable controlling scheme of the propulsor is different. Second, asymmetric
flexible harder fin can propel PLATYPUS faster in straight forward and backward
swimming in still water than asymmetric rigid fin and symmetric rigid fin do, and
therefore it also does better in PTP control in still water. But during PTP control in

water currents the symmetric rigid cne has an advantage over the other two.
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