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Study of Capturing and Grasping Mechanism Technology for
Free-Flying Object  using Wire Driven Telescopic Actuation

on orbit

Technologies for capturing and grasping the free-flying objects are essential for Active
Debris Removal, On Orbit Servicing, and Docking mechanism for Free Flying Robot.
Considering the use of those technologies on orbit, requirements could be defined as

shown:

e Accept large miss alignment of relative position and attitude errors.

Accept large errors of relative velocity and angular velocity.

Prevent pushing away the target.

Retry capability.

Functions of continuous grasp and rigid docking.

Realize the size, mass and system considering to use for spacecraft.

There 6 requirements can be classified into ” Capturing requirements”, ” Grasping require-
ments” and ”Requirements to actuation mechanism”.

In this paper, caging-based capturing method is suitable to meet the capturing require-
ments. Caging configuration is satisfied by enclosing the target geometrically. Since the
target is geometrically enclosed, this method can prevent pushing the target away even
the contact dynamics between the target and mechanism are unknown. In addition, large
miss alignment of relative position and attitude errors are acceptable by designing the
larger caging area.

To meet the grasping requirements after capturing, the important requirement is to
avoid undesired release of the target. Especially, considering the mission of ” Active Debris

Removal”, ”On Orbit Service”, and ” Docking mechanism for Free Flying robot”, functions



that enables continuous grasp is important. To realize this function, form closure is
selected as a grasping method.

At last, to realize introduced capturing and grasping method, actuation mechanism
should be discussed. Since the caging and form closure are both method that enclose the
target geometrically, it would be an unavoidable issue of size considering use for spacecraft.
In this study, wire actuation is selected and wire driven telescopic actuation is designed
to solve this issue.

In this paper, caging is selected as capturing method and form closure is selected as
grasping method. Actuation mechanism using wires are introduced to realize the cap-
turing and grasping technology. Docking mechanism for free-flying robot, Debris gripper
for active debris removal, and versatile gripper for on orbit service are introduced, and
these mechanisms and grippers are experimentally verified and showed that the introduced

technologies are useful as technology to capture and grasp the free-flying object.
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