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Abstract

Extravehicular Activity (EVA), which is essential for maintaining manned space facility, requires
astronauts (EV crew) to work outside the habitable module taking various risks due to the
environment and its long duration. While it is partly supported by existing robotic systems, still
complicated and contingency tasks are handled by EV crews. Therefore this research first claims that
enhancing astronaut’s working capability is essential for further improvement of EVA efficiency and
safety, to propose a novel WEARABLE MANIPULATOR SYSTEM in order to provide robotic
support in proximity of an EV crew.

Chapterl introduces the background, motivation, related works, and objectives of this research.

113

Chapter2 presents above system which includes “a space suit wearable robotic arm” and “a
detachable wrist interface mechanism suitable for EVA support in proximity” as 2 technological
elements newly proposed. In addition to the conceptual design, expected dynamic models and
formulas applicable for the system are prepared for the dynamic analysis reported in Chapter6.

Chapter3 proposes a new wrist interface called Detachable Wrist Interface Mechanism (DWIM)
which is suitable for EVA support in proximity. After describing results of requirement analysis and
state-of-the-art survey, DWIM is proposed and its novelties in concept and mechanical design are
described. Then validity of DWIM was verified as the results of functional testing using a prototype
model.

Chapter4 focuses on reporting the development results of a wearable manipulator ground
prototype and the results of functional and conceptual verification test using the prototype.

Chapter5 aims to validate the effectiveness of proposed concept and extracts feedbacks toward a
practical design through operation tests using the prototype. Operability and work capability were
evaluated objectively by quantitative measures and subjectively by rating/comments from operators.

Chapter6 proposes design strategies toward a practical model based on the validation results from
previous chapter and dynamic analysis results obtained in this chapter. In addition to the properties
prepared for the analysis, an Optimum Work Envelope is introduced as a condition unique to the
proposed concept. As a result, total 14 design strategies from 5 topics are extracted toward future
practical design.

Chapter7 summarizes the outcomes and results of this study as conclusions.
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