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A Study on High Speed Control Mechanism of Micro-Depth Using PZT
Actuator

Z|zhd', Folgl!, otEE
Jae Seong Choi', Cui Xun', and Jung Hwan Ahn'#

1 EAHSHD 7| AIZSHE (School of Mechanical Engineering, Pusan National University)
# Corresponding Author / E-mail: jhwahn@pusan.ac.kr, TEL: +82-51-510-3087

KEYWORDS: PZT actuator (2515 7]), Flexure hinge (R1$1X]), Micro-depth (O]A{|Z20]), PID control (PID X|0{), Gain tuning (A2 =7)

The goal of this study is to develop a fast, controllable PZT-driven depth adjustment device with a flexure hinge. The
device can be used to trace rapidly a flat or curved surface with several hundreds of micrometers’ variance in height. The
lever type flexure hinge designed for a magnification ratio of 10 and no other axes motion has been confirmed through
FEM analysis; the actual performance has been verified through static/dynamic experiments. A micro-depth control system,
which is comprised of a DAQ with a LabVIEW, PZT amplifier, PZT actuator, flexure hinge, and laser displacement sensor,
is implemented, and its static/dynamic characteristics of depth control is investigated with a PID gain tuned control
algorithm on LabVIEW. It has been verified that the developed device can trace a micro-depth command as fast as 0.5 s
to get an accurate position of 0.1 um, even under a load of 1 N.
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Fig. 1 Lever type flexure hinge
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Fig. 2 Effect of notch thickness on displacement magnification ratio
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Table 1 FEM displacement results of Al flexure hinge with notch
thickness of 0.8 mm along with applied input forces (Z, =
9.30 * Z; + 0.50)

Displacement (um)
Input force (N)
Input (Z;)  Output (Z,) Output (Y,)
20 11.1 103.1 0.2
40 222 206.2 0.5
60 333 309.4 0.7
80 44.4 412.4 0.9
100 554 515.5 1.2
120 66.5 618.6 1.4
140 77.6 721.7 1.7
160 88.7 824.8 1.9
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Fig. 3 Measurement of flexure hinge stiffness

PZT Amp

AC Signal

Frequency
Voltage

NI DAQ Board Computer

B —%

Displacement

Sensor Amp Oscilloscope

Fig. 4 Experimental set-up for testing a PZT-hinge mechanism
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Table 2 Specification of PZT actuator

Model P-885.50
Travel range for 0 to 120 V 15+ 10%
Max. Displacement 18 um
Blocking force at 120 V 900 N
Resonant frequency 70 KHz
Recommended Preload 15~30 MPa
Table 3 Specification of PZT amplifier
Model E-501
Output Maximum voltage -20~120 V
Maximum current 60 mA
Gain 10 (without attenuation)

Table 4 Specification of laser sensor
Model LK-G35

Reference distance 30 mm
Measurement range + 5 mm
Spot diameter 30 * 850 ym
Linearity +0.05% of F.S.
Bandwidth 50 KHz
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Fig. 5 Displacement behavior at input/output point of flexure hinge
with applied voltages

Table 5 Hysteresis error of hinge input and output displacement

Voltage (V) Hysteresis error (zm)
0 4.72
10 11.38
20 15.91
30 19.18
40 21.00
50 20.64
60 18.64
70 15.23
80 11.48
90 6.59
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Fig. 6 Measurement of parasitic motion of flexure hinge
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Table 6 Response amplitudes with input frequency varied

30V 60 V
. Amplitude (zm) % Amplitude (zm) %
1 0.57 100 0.98 100
10 0.47 822 0.84 85.9
20 0.31 54.9 0.65 66.3
40 0.02 33 0.04 4.6

Table 7 Ziegler-Nichols chart for tuning a PID controller

Control type K, T; Ty
P 0.5K, - -
PI 0.45K, TJ/1.2 -
PD 0.8K, - T./8
PID 0.6K, TJ/2 T./8

PC

LabVIEW Controller

Depth Scale K -’<
Command Factor NIDAQ Amp
(um) 0.01 V/um) N K (x10) (14 um/w »

Hinge
(x10)

Laser

Sensor
(0.01 V/um)

Fig. 8 Construction of a PZT driven micro-depth control system
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