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Axiomatic Design of a Micromanipulator using Displacement Amplifier

Seog-young Han, Sang-jun Yoon, Jun-seong Hwang, Min-sue Kim,
Jae-yong Park, Byung-ju Yi and Seon-jung Kim

Key Words: Axiomatic Design(ZF2] 2 “d7]), Workspace(Z < F7}), Natural Frequency(iL-f-7 5 F%),
Displacement Amplifier('H ) 5-%7]), Micromanipulator("}o] 22 ulj\] & #| o] €])

Abstract

Micromanipulator is a device that manipulates an object with high precision. Generally, a
parallel-type robot has inherently higher precision than a serial-type robot. In most cases, the use of
flexure hinge mechanisms is the most appropriate approach to micromanipulators. The micromanipulator
is basically required that have high natural frequency and sufficient workspace. However, previous
designs are hard to satisfy the required workspace and natural frequency, simultaneously, because the
previous micromanipulators are coupled designs. Therefore, this paper suggests a new design parameter
as displacement amplifier and new design procedure based on semi-coupled design in axiomatic design.
As a consequence, the spatial 3-DOF micromanipulator which is chosen as an exemplary device has
natural frequency of 500Hz and workspace of -0.5°x0.5°. To investigate the effectiveness of the
displacement amplifier, simulation and experiment are performed.
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Fig. 1 Spatial 3-DOF Micro manipulator(s)
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Table 1 Results of optimization@

Design Previous and optimal values
Variables
(mm) Previous | Optimum Design
r 15 5 5
Sp_u 11.87 15 15
Sp_l 16.27 15 15
Re_u 11.88 15 15
Re_l 30 30 30
Sp_r 1.5 2.7060 2.71
Re_r 1.65 2.3056 2.31
Sp_t 1 0.5412 0.55
Re_t 0.7 0.3128 0.32
Re_b 4 5 5

Table 2 Constants used for amplifier design

Design Variables| [, t, b, R,

Values(mm) 11.68 | 0.32 5 2.34
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