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In this research, we study on posture control of rotating link systems under friction condition. There exists
a torque unit as an actuator to control a rotating link system. The torque unit is a module which consists of an
electric motor and a reaction wheel. And it can be set at arbitrary position as an actuator to control a rotating
link system with free joint. Here, when we control the rotating link system by using torque unit, there arise a
problem such that angular momentum remains in the reaction wheel of the torque unit. Therefore it is
important to consider a method of unloading residual angular momentum. In this thesis, we consider posture
control problems of rotating link systems with torque units. Then, we propose control methods using a
viscous friction to solve this problem.

In Chapter 1, we report several studies concerning posture control of planar rotating link systems. If the
first joint on the environment is actuated, a posture control of the planar rotating link system is possible.
When the first joint is free, it becomes difficult to control the system. We can consider using the torque unit
or the inertia rotor to control such systems. In these studies, the influence of friction is not considered. When
energy dissipation is caused by the influence of the viscous friction between the first joint and environment,
there arises a problem such that angular momentum remains in the reaction wheel of the torque unit or the
inertia rotor. Here as, we describe that we can solve the problem by changing the viscous friction between
the first joint and environment, and we showed the purpose of this research.

In Chapter 2, we consider the posture control problem of a water floating robot. When we control the
posture of a water floating robot using a torque unit, angular momentum remains in the reaction wheel of the
torque unit at a steady state. When the driving torque of the reaction wheel becomes zero at the steady state,
the reaction wheel stops rotating. However, there arises a phenomenon such that the rotation angle of the
water floating robot returns to the initial value of the control. Then, we confirm this phenomenon through
several simulations, and we clarify the principle. Based on this phenomenon, we propose a control method
using kinetic energy of the reaction wheel by mechanical devises. Finally, we have shown the feasibility of
the proposed method by making verification experiments.

In Chapter 3, we consider the posture control of a planar one-link manipulator with a free joint which is
equipped with one torque unit. In this system, if we control the angle of the link to the target value using the
feedback control, the rotation of the link stops with a steady state error between the reference position and
the static position. Moreover, the reaction wheel continues rotating at a constant speed. Then, as one
approach for solving the problem, we apply the proposed method in the Chapter 2. We show the feasibility
of the proposed method by making verification experiments. It is important to consider the proposed method
such that the kinetic energy of the reaction wheel is utilized effectively for the control in the situation where
the energy consumption has to be suppressed as much as possible.



In Chapter 4, we consider the posture control of a planar two-link manipulator which is equipped with two
torque unit. Each links has one torque unit. All joints of this manipulator are free. First, we carry out several
simulations by use of a simple nonlinear feedback control. In simulations, we have confirmed the relation
between the rotation angle of the links and the angular velocity of the reaction wheels in the steady state.
Second, we carry out the simulation where the rotation angle of the second link is ignored, and we try to
control only the rotation angle of the first link from the arbitrary initial value to the arbitrary reference value.
We show that the rotation angle of the first link can be controlled to the arbitrary reference value by
changing the viscous friction on the first joint. Third, we try to control the rotation angle of the second link
by using the residual angular momentum of the reaction wheel in the torque unit on the second link. Forth,
we propose a control method which can control the rotation angle of the first link and the second link from
arbitrary initial value to the arbitrary reference value. Finally, we confirm the feasibility of the proposed
method by carrying out several simulations.

In Chapter 5, the results of this study summarize.



