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Abstract

Precise positioning stages are required to achieve high-speed and high-precision control to improve production efficiency and

quality. For this purpose, we designed a novel high-precision dual stage called catapult stage. The characteristic of the stage is to

allow contact between the fine and coarse stages in spite of their lack of mechanical couplings. In previous studies, we found that

it is effective to apply Final-State Control (FSC) to the stage positioning in the acceleration region to reduce required thrust and

settling time. In addition, the studies showed that it is assured to take an initial state to a final state in finite time without violating

thrust limitations by using initial state variables in constraint FSC. This paper proposes a novel method to determine when FSC is

applied to the stage positioning. Experimental results demonstrate the effectiveness of the proposed method.
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Fig. 1. Schematic of Catapult stage.
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Fig.2. Concept of the set of initial state variables.
%1 The catapult stage parameters.
Maximum thrust force of the fine stage Fymax | 40.0 N
Femax | 218 N

Maximum thrust force of the coarse stage

Mass of the fine stage My 6.0 kg
Mass of the coarse stage M. 11 kg
Coefficient of viscosity of the coarse stage D, 101.7 N-s/m
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Fig.3. Concept of thrust generation at acceleration region.
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#% 2 Number of steps at switching control and maximum thrust.

Conventional Proposed
Step N | Maximum Thrust [N] Step N | Maximum Thrust [N]
Trail 1 300 4.12 Trail 7 298 3.64
Trail2 | 300 4.58 Trail 8 277 4.08
Trail 3 | 300 5.45 Trail 9 277 423
Trail4 | 300 5.94 Trail 10 | 392 4.27
Trail 5| 300 6.38 Trail 11 | 333 437
Trail 6 | 300 6.48 Trail 12 | 413 4.54
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Fig.8. Thrust of the fine stage in acceleration region.
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