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Active removal of space debris presents the most effective measures. This study examines a micro robotic satellite
with a simple robot arm for active space debris removal.

The upper stages of the H series rocket were selected as target debris objects to be removed.

In this study, the details of a proposed active space debris capture/removal micro satellite system, vision sensing
system of target attitude/motion and its robot arm with three flexible joints for capture of targets are described. A
mechanism to capture the target space debris, namely, a control method for buffering force while capturing the
target with the lightweight robot arm with flexible joints, is proposed. The results of feasibility studies, the
performance assumed at each step, prototyping of the capture mechanism, and experimental results are also
presented.
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Fig. Prototype of lightweight robot arm for capturing debris
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The feature of the flexible joint arm are,
The dynamic load when capturing, is
buffered by elastic mechanism inside
each joint and virtual depth control.

As a mechanism for debris capture, the followings
are listed as candidates. L
a. Precision robot arm
b. Flexible joint arm

c. Extensible capture mechanism ® |t consists of small numbers of joints,
d. Throw-Nets and lightweight.
e. Eject-Pile ® With a linkage mechanism and leaf

springs, it can maintain grasping the
target without an electric power supply
in high pressure.

Both PAF and Nozzle can be captured.

The flexible joint arm has following advantages.
@ Even ifit can't be captured well, the arm
would be able to re-try it. ®
@ Both PAF and Nozzle of a target can be
captured by the arm.
® The arm can maintain connection of the end
of a EDT to a target stably without an electric
power supply

Table Characteristics of light weight robot arm

| Characteristics | Remarks |
Arm length 1.5m

Stowed 0.7m

length

No. of DOF 3

Tip force 10N

Capture force [\

Holding force [Wio)\

Torsional flexible
mechanism

2~3

Before rigidize
After rigidize
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