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Study on Human Symbiotic

Passive Assist Arm*

Mineo Higuchi

Abstract

We have developed a novel passive assist arm (PAS-Arm) that interacts with
a human operator by producing specified but arbitrary two-dimensional guiding
surfaces (virtual guiding surfaces) in principle that constrain and guide the motion
of the operator. Pas-arms are intended for direct physical interaction with a
human operator, handling a shared payload. The scope of this thesis is the
creation and study of the PAS-Arm. The basic concept, principle and mechanism
of the PAS-Arm are proposed. Details of continuously variable transmissions
(CVT) that are key components of the PAS-Arm, designs of prototype arms and
experimental results are described.

Firstly, the basic concept of the PAS-Arm is proposed, and the principle of
the PAS-Arm is described. The architecture of the PAS-Arm is the vertical
articulated type consisting of a 4-link pantograph configuration. Three joints of
the arm are coupled with a differential mechanism through CVTs on each joint.
The transmission ratios of the CVTs are computed using a normal vector of the
virtual guiding surface and kinematics of the arm. When a force on the arm end
is applied parallel to the virtual guiding surface, the arm moves on that direction.
In the case of a force on the arm end perpendicular to the virtual guiding surface,

the surface will be a constraint surface.

* Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0861204, February 4, 2010.
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Secondly, the range of transmission ratios that are needed to design the CVTs,
and the range of maximum time derivative of transmission ratios are discussed.
The ratio between the maximum transmission ratios and ratio between the max-
imum time derivatives of each joint CV'T are both in proportion to link lengths
that are the reach of the arm, the upper arm length, and forearm length. Novel
CVTs constructed of a roller that rotates and translates along its axis and a
wheel are also proposed. The wheel has an adjustable steering angle, and couples
translational motion of the roller to rotational motion of the roller. Experimental
results of a CVT test apparatus are described.

Finally, the specifications and the mechanical designs of the prototypes that
were developed to verify the principle and to estimate the features and the ca-
pability of the PAS-Arm are described. Experimental results were successful in
producing the virtual guiding surface. A basic performance metrics consisting of

the load capacity and link length are also proposed.

Keywords:

robot, mechanism, design, assist, passive robotics
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