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Abstract of Thesis

This dissertation proposes a high—speed and precise micromanipulation for 3D assembly using dexterous and
high-speed microhand motion. To assemble microobjects quickly and precisely, a fully automated pick—and-place
operation is applied. In micromanipulation, the most difficult thing is adhesion forces. Due to the adhesion
forces, releasing of micro—objects on the desire position is significantly harder than grasping and

transporting of the objects. In addition, because of the high dynamic viscosity in liquid, drag forces generated
by the high speed movement of manipulator make to difficult the precise manipulation at high speed. To solve

two problems, special releasing techniques and a reliable manipulation system are indispensable

For assembling microobjects as quickly and precisely as possible, a system that cannot firmly grasp objects
in order to successfully transfer the grasped object at high speed but also release the transferred object
precisely is required. First, the microhand having dexterous motion is utilized to grasp an object stably
and an automated stage transports the object quickly. Second, a parallel mechanism controlled by three

piezoelectric actuators generates 3D high speed motions of an end—effector. High speed motions are used for

releasing of microobjects adhered to the end-effector.

Two releasing methods, a local stream and a dynamic effect, are proposed for releasing and accurate placing
of microobjects. To detach objects adhered to the left end effector, the local stream generated by the high-speed
motions of the right end—effector is utilized. In contrast, the high speed motion of the right end—effector
is directly applied to release objects adhered to the right end effector. To generate sufficient external
forces that can separate the objects from one of the end effector, at first, a theoretical model, Johnson
Kendall Roberts (JKR) model, and experimental data are utilized, and therefore, the range of frequencies and
amplitudes of end-effector’ s motion are determined. For precise positioning of objects, circular motions are
proposed by comparing five motions, 1D motions in X-, Y-, Z-direction and counterclockwise and clockwise

circular motions.

Automated manipulation of an object is achieved by using proposed releasing strategies and automatic system.
The system using vision-based techniques for the recognition of two fingertips and a microbead as well

as automated releasing methods can make high manipulation speed faster than 800 ms/sphere with 100% success
rate (N = 100). To extend this manipulation technique, 3D assembly employing several objects is attained
by compensating the error from the grasping and transporting of objects. Finally, we succeed in assembling
five objects for 3D structure and nine objects for 2D structure in close distance. The manipulation speed
is approximately 2.6 s/sphere by transporting five objects 0.3 mm/sphere and approximately 3.7 s/sphere by
transferring nine objects 0. 62 mm/sphere. This result is faster than the highest speed that has been reported

in literature.
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