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Tendon—driven mechanism with a weight—compensation using synthetic fiber ropes had been proposed as a
suitable mechanical design for a long-reach light-weight manipulator. However, a 10-m—long prototype was
unable to lift itself off the ground. Moreover, the instability of joints due to low joint stiffness was
observed. Thus, Chapter 1 presents two research tasks. One is to improve the load capacity of pulleys
guiding tendons enough to support the weight of the manipulator. The other is a control method for such
a manipulator, in which big elongations of tendons occur. This research aims to demonstrate manipulation
task by 10-m—long prototype.

After that, it was adopted a control scheme that the joint angles move on the potential generated by
the elasticity of tendons and gravity. To propose a planning method for stable motion, research tasks
were dealt with in the following chapters.

In Chapter 2, a modified pulley design with a high-strength material made the manipulator successfully
support its weight.

In Chapter 3, a tension control method utilizing two mechanical features of the manipulator to reduce
the tension to support the weight of a manipulator was proposed to enlarge the workspace of manipulators.

In Chapter 4, amaximum tension of tendons was used as an objective function of redundant inverse kinematics
because how to solve inverse kinematics constrains the size of the workspace not only the tension control
method. The tension control method in Chapter 3 was evaluated based on the workspace volume and it was
shown that the proposed method expands the workspace by up to 45%.

In Chapter 5, the elongation characteristics of synthetic fiber ropes were measured using a model composed
of nonlinear elasto—plasticity and visco—elasticity. The measured frequency response of the cable—pulley
system showed that synthetic fiber ropes achieve comparable bandwidth to that of the stainless wire rope.

In Chapter 6, The stability of joints was analyzed using a map of eigenvalues. Finally, it was proposed
the joint path planning method that keeps joint stability and tension under the design load. The
effectiveness of the planning was demonstrated by the actual manipulator.

Chapter 7 concludes the thesis and describes future work.
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