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Development of Hiryu-II:
A Super Long Reach Articulated Manipulator Driven by Thrusters

-Floating experiment of a 12-m-long prototype-
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Robotic manipulators using thrusters for weight compensation are an active research topic due
to their potential to exceed the limits of maximum length. Due to the constraints of the cubic-square
law, the structure of large manipulators must be flexible, making hardware development a very difficult
issue. This paper focuses on overcoming these problems by installing inertial measurement units and
microcontrollers in each unit to control thrusters locally and suppress torsional deformation around roll
axis of the manipulator. As a means of realizing such a manipulator, we adopted the mechanism of
Hiryu-II, which was previously developed by our research group. The prototype which is 9.3-m-long
with 6 DOF was controlled its joint positions and the prototype which is 12.4-m-long with 8 DOF
was floated successfully. These results surpassed the maximum length of the manipulator achieved by

previous studies.
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Fig.1: Previously developed Hiryu-II (6.6-meters-long).
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(b) Proposed manipulator.
Fig.2: Comparison of mechanism configuration.
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Fig.3: 3D CAD model of the prototype Hiryu-II-C.
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Table 1: Specifications of the prototype Hiryu-II-C.

Length 12.4 m
Width 1470 mm
Mass 19.2 kg
(Arm:11.3 kg, Base:7.9 kg)
DoF 8 (Pitch 4, Yaw 4)

Range of Motion Pitch : £40 deg

Yaw : +45 deg
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Fig.4: Snapshot of the experiment.
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