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A Piezo-Driven Grating Scanner Based on Flexure Hinges for
Measuring 3-Dimensional Microscopic Surface
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(Kee-Bong Choi, Aleksey-Deson Ten, Jae Jong Lee, Sung-Hyun Kim, Kook Won Ko, and Soon Ki Kwon)

Abstract: This paper proposes a grating scanner which is driven by a stack-type piezoelectric element. The mechanism of the grating
scanner is based on flexure hinges. Using some constraints, the compliant mechanism is designed and then verified by Finite Element
Analysis. The designed compliant mechanism is manufactured by wire electro-discharge machining, and then integrated with a stack-
type piezoelectric element for actuation and a capacitance displacement sensor for measuring ultra-precision displacement.
Experiments demonstrates the characteristics and the performances of the grating scanner using the terms of working range,
resonance frequency, bandwidth and resolution. The grating scanner is applicable to a Moiré interferometry for measuring 3-

dimensional microscopic surface.

Keywords: stack-type piezoelectric element, grating, scanner, flexure hinge, notch hinge
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Fig. 1. The structure of a grating scanner.
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Fig. 2. Mass-spring model of the grating scanner.
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Fig. 3. Circular notch hinge.
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Table 1. Design parameters.

Param. | Value (mm) Comment

ry 2.00 Rotational center of displacement
b; 1.00 amplification mechanism
72 2.00 Connector between displacement
by 0.50 amplification and 4-link mechanisms
L£] 435 I .
b; .00 4-link mechanism

E 2 ARE SAAL

Table 2. Calculated characteristics.

Characteristic | Value Comment
Y/ 120 Hz The first resonance frequency

[ 93 um Maximum displacement
Oz 43 MPa Maximum stress
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Fig. 4. Displacement analysis.
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Fig. 5. Stress analysis.
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Fig. 6. Modal analysis.
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Fig. 7. Grating scanner.
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Fig. 9. Measurement of working range.
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