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1. Outline of research
1.1 Background

Underwater vehicles can move underwater freely with vision devices and sensory
system, and have abilities to complete various underwater tasks. They play an important
part in the ocean explorations. They can work automatically with many various sensory
devices and effective control strategies. They can avoid obstacle without interference of
people. Some of them can detect the environment they work in and adapt it
automatically. Self-detect system can notice the status of all the devices in the
underwater vehicles and handle all the emergencies. The shape of traditional underwater
vehicles are streamline, and their propel devices are screw thrusters which are fixed

outside the vehicle body. Most of them are large in size and high power consumption.

They are relatively not so flexible in motion especially in a complex underwater

environment. For a manipulation task, a complex and big manipulator is always

installed on the underwater vehicle. It is expensive and high waterproof requirement.

Therefore, the study on a different type of underwater vehicle with a bio-inspired
manipulator, which can overcome these disadvantages, is necessary.

Ionic polymer metal composite (IPMC) is a smart material made of an ionic polymer
membrane chemically plated with gold electrodes on both sides. This material is small
in size design requirement. The deformation and response time are also controllable.

Besides,_it also can work in water. Therefore, it is very suitable for making soft

underwater robotic actuators. 3D printing technology has been used in manufacturing

industry successfully. It is very useful for a complex product. Combined these two



technologies, a small, light, complex construction bio-inspired robot can be designed

and developed successfully.

1.2 Research approach

Due to the good water-pressure resistance and outstanding shock
resistance of spherical objects, spherical robots can perform a rotational
motion with a 0 degree turn radius. Our robot adopted a spherical shape. We
designed and developed vectored water-jet thrusters to 1implement
4-degrees-of-freedom (4-DOF) underwater motion while saving energy. We

also want to desigh a micro-son-robot as a manipulator which is small size,

low cost and no need waterproof. Besides, the son robot must have ability to

grasp an irregular shape object. Based on the father-son robotic system, we

can realize underwater manipulation tasks. My Ph. D thesis is structured as

the following:

< Design the spherical underwater robot as father robot which can

deliver and recover the son robot;

Dynamic analysis for the father robot to enhance the stiffness;

Hydrodynamic analysis for the father robot and the thruster;

Design a bio-inspired micro-robot as a manipulator which is driven by

8 ICPF actuators;

<> Carry out underwater experiments to evaluate the performance of the
underwater robotic system.

2. Research results
2.1 Design of a spherical underwater robot with son robot
launching system

The spherical underwater robot was designed and developed as a father
robot. The diameter of the robot is 400mm. The weight is about 6.5kg. The
robot is driven by 3 vectored water-jet thrusters. The propulsion system is

R

assembled inside the spherical hull to reduce its effects on the robot’s
flexibility and to limit damage from possible impacts. A launching system
was also designed for docking the son robot. The launching system is fixed on
the bottom of the father robot. The electrical system and control algorithm

were designed and realized by a DSP processor. The launching system can

deliver the son robot when the robot is carrying out a manipulation task and

also can take back the son robot when the son robot finish the task.

2.2 Hydrodynamic analysis for the spherical underwater robot
Hydrodynamic characteristics are very important to investigate the

interaction between the robot and flow field. The statical analysis was
carried out to improve the stiffness of the propulsion system. We also did the




hydrodynamic analysis for the whole robot and the water-jet thrusters. The
3D model of father robot and flow field was established by CATIA. ANSYS

ICEM was used to mesh the 3D model. Finally, ANSYS FLUENT was
employed to finish the hydrodynamic analysis. Based on the analysis results,

we have gotten the real static when the robot moved in water and the
interaction between the robot and the flow field.
2.8 Design of a son robot

According to the underwater manipulation requirements, the son robot

was designed and developed which was driven by 8 IPMC actuators. The

robot frame was printed by 3D printer. The actuators were installed on the
frame. The size of the robot is about 25X@55mm. Based on the 8 IPMC

actuators, the robot can realize swimming and grasping motion. The size of

the target object is limited by the size of the son robot. In this research, the
typical target object is about 20xX20X30mm. The maximum size of
manipulation target is about 30x30x20mm (The maximum space between
the actuators). We used 8 IPMC actuators to form a hand and a proximity
sensor to detect the distance between the target and the son robot.
2.4 Underwater manipulation experiments for characteristics
evaluation

To test the performance of the son robot and evaluate the father-son
underwater robotic system, three underwater manipulation experiments
were carried out. First, we designed 3 target objects by 3D printer. One
cuboid (25%25%20mm), one cylinder (20X@25mm) and one sphere (p20mm). A
proximity sensor was used to detect the target objects. We used the
launching system to deliver the son robot when the target is detected. Finally,
the son robot grasped the target objects successfully and went back to the
launching system. In these target objects, the cylinder object is the most
difficult task for the son robot.
3. Conclusions and future work

In order to realize underwater manipulation tasks, we developed a
father-son robot system. The father robot adopted spherical shape and

vectored water-jet thrusters as propulsion system. To enhance the stiffness

and verify the performance, hydrodynamic analysis and statical analysis

were carried out. Hydrodynamic characteristics are benefit for investigating

the interaction between the robot and flow field. To realize underwater

manipulation task, a bio-inspired son robot was designed and developed, 8




IPMC actuators arranged on an ABS frame to form a hand. The son robot
can detect the target and adjust the distance between the son robot and
target by proximity sensor. We also carried out a series of underwater
experiments to evaluate the performance of the launching system and son
robot. Finally, the son robot finished the tasks successfully.

In the future, we will combine the son robot with the father robot and

carry out a series of underwater manipulation tasks.
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