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ABSTRACT

This dissertation has been dedicated to the study, modelling, simulation and
motion analysis on spiral mechanisms for robot moving on wetlands.
Environmental problems related to wetlands have attracted strong concern
around the world during past decades. Many kinds of mobile mechanisms have
been developed to satisfy demands of environmental investigation of wetlands.
However, few researchers have studied spiral propulsion mechanisms. Our
previous work showed that the spiral was able to move forward between gaps of
plants, giving only very slight damage to plants. It is introduced to carry
measurement devices in wetlands when investigating the current state of
wetlands.

The structure and walking procedure of a proposed double spiral robot are
derived. The bilateral symmetry robot consists of a platform, manipulators, and
spirals. In the walking procedures, the manipulators work as serial structure
with open kinematic chain and serially connected links, except one step in one
walking circle. The kinematic analysis of the robot working as a serial

mechanism is performed, in which the detailed structure, coordinate system,



and parameters of this mechanism are given. Modeling and kinematic analysis
are also addressed when the robot is working as a parallel mechanism.

As the fundamental unit of spiral mechanisms, spiral driving unit should
rotate spiral (without a center axle) in the expected direction in a stable attitude.
Center axle drive method and circumference drive method have been introduced.
To enhance the stability of spiral, a new drive method based on three U-shape
pulleys is proposed. The structure and dynamic model are derived. To verify the
driving units’ performance, experiments were performed based on a motion
capture system. We also proposed a method to analyze the attitude angles,
rotated angles and traveling displacements of the spiral. The kinematic
relations between the driving unit and the spiral are established on the premise
of the data from the motion capture system. Experimental results for driving
units of two kinds of drive model are quantitatively analyzed, with emphasis on
attitude stability, technical feasibility, and repeatability. To investigate the
resistance between spiral and the stems of grass, in-door and field experiments
are also performed under the conditions of cone-shape end parts mounted and
un mounted respectively.

A manipulator arm which consists of 3 revolute joints and 1 prismatic joint is
proposed to satisfy requirements of driving unit for gripping and rotating spiral.
The forward and inverse kinematic are fulfilled and the 3D model of the
manipulator is established in an dynamic simulation software (V-REP). To verify
the feasibility, the process of manipulator gripping spiral is simulated. As a
result, the joint position and joint internal position error curves are

significantly reduced.
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