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Abstract
The decommissioning of the Fukushima Daiichi Nuclear Power Plants is a national urgent problem in Japan. The

distribution and characteristics of the fuel debris inside the nuclear reactor must be investigated to safely retrieve them.

This study describes a 10 m-long articulated manipulator for investigation inside the primary container vessel. We

employed a coupled tendon-driven mechanism and a gravity compensation mechanism using synthetic fiber ropes to

design a lightweight and slender articulated manipulator. After discussing the basic principle and control algorithm,

we focus on the detailed mechanical design of a prototype model. We confirmed its feasibility through basic motion

experiments.
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Fig. 1 Super Dragon: a 10 m-long coupled tendon-driven
articulated manipulator (3DCAD model). Fig. 2 Operating image of deployment in the Fukushima

Daiich NPP.
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Fig. 3 Basic principle of the coupled tendon-driven
mechanism. Fig. 4 Tendon arrangement: (a) coupled tendon-driven

mechanism and (b) coupled tendon-driven mech-
anism and weight compensation mechanism.

Fig. 5 Double pulleys to obtain appropriate
weight compensation torques.

Fig. 6 Coupled tendon-driven mechanism for the yaw and
pitch joints.
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Fig. 7 Joint configuration and tendon–pulley arrangement.
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Fig. 8 Workspace analysis where end-point payload is 10kg, and the maximum tension of the joint control tendon
is 3kN. (a)Trihedral figure, (b)isometric view. (Red circles indicate joint position in the standard posture,
and red rectangle means means the base structure.)
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Fig. 9 Detailed mechanism of the first proximal joint.

Fig. 10 Base structure: arrangement of the actuators and the tendon
pathways. Fig. 11 Reel mechanism (blue) and

tension sensor (red).
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Fig. 12 System configuration of Super Dragon.
Fig. 13 Control block diagram for each joint control

tendon.

Fig. 14 Storing configuration of the 10 m model.

Fig. 15 Deployment of the 10 m model.
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Fig. 16 Experiment on keeping the horizontally extended
posture using the 10 m model.

Fig. 17 Experiment on keeping the yaw bending posture
using the 10 m model.

Fig. 18 Trajectories of the end point in the world
coordinate. Note that the measured end-point
trajectory is derived using forward kinematics with
the measured joint angles.

.

Fig. 19 Time course of the joint angles: desired angle
(dashed) and measured angle (solid).
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Fig. 20 Time course of the tendon tensions: desired tension (dashed) and measured tension (solid). F2i−1 and F2i
(i = 1,2, · · · ,10) are antagonistic pair tendons drawn with the same color, which are corresponded to Fig.7.
Note that all tensions of F2i have a negative sign.

Fig. 21 End-point positioning accuracy measured by the 3D Scanner.
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Fig. 22 Payload testing experiment. The bottled water of 4.4kg were attached at the tip of the arm.
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