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A Study on Improving Performance of Harpoon Mechanisms in ADR Using Japanese
Sword Technologies
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Traditional Japanese sword smithing has become a mature technology in Japan, one that has been refined since
antiquity to cut or pierce an object as efficiently as possible.

Japanese sword smithing has a history of more than 1000 years, including a rich, progressive improvement of
refining techniques, and their effectiveness has been furthered by centuries of enhancing the finesse of the
operating of a sword.

Against that background, the authors have been conducting research on applicability of traditional Japanese
sword technologies to enhance penetration power of sampling device for the surface layer of minor planets. Also,
based on these researches, improving performance of the harpoon mechanisms in active debris removal (ADR)
was investigated of experiments and finite element method (FEM). The objective of this research is to develop
a harpoon that can penetrate the thin-gauge structure of a target satellite’ s surface. Another objective is
maintaining reliability of the harpoon mechanism while seeking a simple and effective design.

In this presentation, some features of Japanese sword technologies and the status of their research activities are
shown.
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Non-dimensional Penetration Depth

Penetration Test for Light weight concrete
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Sharpening the tip to enhance penetration performance

>> Japanese Sword Technology
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Background Japanese Sword Technology

H A T Bl

—

Heat Treatments

Sword Smithing gL
fEnttis Sharpening
BE

Japanese Sword Technology
B AT

Power Transmission
FON
Control Safety
B3): ] e =

Acknowledgements :
Matsunaga Japanese Sword Workshop, Eisin-Kan D=C,
%5 - WK BADRIBERT. KIEMHE

Sword Operating
BN

I Background Sword Smithing {71 s

The four elements: material, shape,

heat treatment, sharpening
M. R, guE, ®E

==X

-

Material: “TAMA-HAGANE”, Shape: taking measurements from

. a Japanese sword and design
i Bk : HAUA 5 DR - Bift

Heat treatment haroen
HALE : B E AL ;ga 2

ing

This document is provided by JAXA.



HE [AR—ZFFVT—ray | H#EERME 423

Measurement and analysis equipment,

Examples of measurement
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I Application to Harpoon Mechanisms
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Key elements of harpoon technology:
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Traditional Japanese harpoon tips _
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Simulation of Harpoon Penetration

Simulation of Cutting with the ~ Biforked Harpoon models
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Conclusions and Future Works

Activities to apply Japanese sword technology to improve the penetration
performance of debris catching harpoons are presented
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Introduction to sword smithing and sword operating techniques
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Exemplify the results of experiments and numerical simulations with basic
models

ERHTETVERVERREMES S 2 L—2a v ORREHIT

Prototyping of the experimental model using Sword smithing technology
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