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Fuzzy Controller Design for a Nano Precision Stage Driven by a PZT
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Abstract }

controller case.

An ultra-precision stage is used in many industrial arcas such as precision machine tools or semiconductor apparatus.
These stages used to be driven by piezoelectric actuators in order to obtain ultra precision positioning resolution.
Piczoelectric actuator can be moved fast in nanometer resolution. However, it has relatively large non-linear
characteristics like hysteresis and creep curve. Although several kinds of control techniques have been developed,
controller design method is still complicated. In this paper fuzzy control rules are developed intuitively. In order to

verify the performance a series of experiments were conducted and the results were compared with those of the PID
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Fig. 1 Hysteresis of a PZT actuator”
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Fig. 3 Membership functions(in part)
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Table 1 Definition of linguistic variables
Ay My
Linguistic Variable Meaning M
1 PL Positive Large
2 PM Positive Medium el weo wca
3 PS Positive Small
4 7 A ) v 7 Fig. 4 Defuzzification of control input increments A
pproximately :ro (Center of Area method)
5 NS Negative Smal
6 M Negative Medium
7 NL Negative Large
Table 2 Center of membership function
Linguistic value
NL NM NS | Z| PS | PM | PL
Xc| -0.1 | -0.01 |-0.001| O |0.001]0.01 | 0.1
Table 3 Fuzzy control rule
Ne
NL|NM|NS| Z | PS|PM| PL
PL | PL | PL | PL | PL | PL | PL | PL Table 4 Specifications of the system
PM |PM |PM | PM | PM | PM | PM | PM Category Item Data
PS |NL NM|NS|PS|PS |PM| PL Material AL 6061-T6
e | Z {NL|NM|NS| Z | PS|{PM]| PL Stage Density 2700kg/m’
NS | PL |PM | PS | NS | NS |NM | NL Young's 68.9GPa
NM | NM | NM | NM | NM | NM | NM | Nm Modulus '
NL NL | NL | NL | NL | NL | NL | NL Maker Model SONOX P53
Dimension 5 x 5§ x 5(mm)
bzt Compliance 22.9 x 10m’/N
2.2 TX| 5o 7+ aetuator Stiffness 152 x 10"°'m”/N
Aola] wiA Alo] FAE W Ay AYL vhgoz : d
- Density 7830kg/m
AA3tH .o, Table 33} Zro] FHHT} Table 3¢] Lebh Model LIP3
ode
Rule 194, Rule 497b49] 20 whebs 913272} 914 :
©3} wislko] ZoX|E, WX 2T MO wo| AL Meajur(ling DI/?DUR phase
standar atin,
wehu o] Hoj-Ha We A18elo] Fig 49} 78 717] 4| : o
o9l Walere Tok). o2 A ()3} 2o HAEAMS Linear | Output signals Sine wave, 1 Vpp
Apgatol vlu A gt} Aojglel wskeke T, Fncoder | Signal periods | 0.128y:m
Accuracy grades | = 0.5um
E - Recommended 0.001um
Ay = 3) measuring steps
Zur
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(step input) SHEAHY A& ASUE SHEL 2 T4

R b
PIDA|o|9] 43}

EE S
bol Ale (4o gol ekl 4 9
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Fig. 6 Step response of the PID controller
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Fig. 7 Step response for 10nm reference using the
fuzzy controller
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Fig. 9 Comparison of response and reference results of
fuzzy controller
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Fig. 10 Magnitude (dB) and phase difference of the
experimental response with frequency variation
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Table 5 Results of the fuzzy controller and PID

controller
Fuzzy PID
controller | controller
rising time 0.01sec 0.09sec
10nm step peak time 0.012sec 0.208sec
Input overshoot Inm Inm
settling time | 0.03sec 1.5sec
rising time 0.01sec 0.09sec
continuous max
step Input | oscillation | +0.5nm +1.5nm
range
d i \Hz Inm Inm
ynamic error(10%) | error(10%)
tracking
performance SHz Inm 2.5nm
error(10%) | error(25%)
4. 2 B
& Aol PIDA|)7] & HZ] Ao 7]of sl Awel
ol et A5 AP A4 AT 9 4P S 53t s
A% AES Saelch 1eln Al G40 Fuks wis)
2RE B0 91 2% A5S At ARE 4919
T, TS 22 AUES ¢S 4 ot

(1) & G-oliif 282k PIDAO}7]3= stepeiof gt AHARE
(04sec)ol lofr] THEE TRt A5-S el Satglet.
4] Alo]7)= A7) 0.01sec0) T, AZAZRS 0.03scc
= wE7 ES FHelstqct

(3) 7 Ae71E Snm step A& Ao ek 2 ehs
fle Inmo[2R Snmolste] #af5g Tt

H2| A01712} PIDA|OV7|E Bl mshe w2 4]o17]7} g2k
TR 104715 whao] el v 0-4he 2lsigic
FAAAEZ T QoA HAA NN E AT A
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by the research grant of the Chungbuk National University
in 2007).

233

o

3l

MO

il

(1) Jeong, S. H,, Kim, G. H,, Cha, K. R,, Lee, K. H,,
and Song, S., 2006, “A Study on the Motion
Mechanism of Multi-Axis Ultra Precision Stage for
Optical Element Alignment,” Transactions of the
Korean Society of Machine Tool Engineers, Vol. 15,
No. 1, pp. 8~16.

(2) Ge, P. and Jouaneh, M., 1996, “Tracking Control of
a Piezoceramic Actuator,” IEEE Trans. on Control
Systems Technology, Vol. 4, No. 3, pp. 209~216.

(3) Newcomb, C. and Flinn, I., 1985, “Improving the
Linearity of Piezoelectric Ceramic Actuators,” Electronics
Letters, Vol. 18, No. 11, pp. 442~443.

(4) Li, C. J, Beigi, H. S. M., Li, S. and Liang, J., 1993,
“Nonlinear Piezo-Actuator Control by Learning Self-
Tuning Regulator,” Journal of Dynamic Systems,
Measurement, and Control, Vol. 115, pp. 720~723.

(5) Jung S. B. and Kim S. W., 1994, “Improvement of
scanning accuracy of PZT piezoelectric actuators by
feed-forward model reference control,” Precision
Engineering, Vol. 16, No. 1, pp. 49~55.

(6) Kim, J. Y., Lee, B. R,. Yang, S. Y. and Ahn, K. K.,
2003, “Precision Position Control of Piezoactuator
Using Inverse Hysteresis Model and Neuro-PID
Controller,” Journal of Control, Automation and
Systems Engineering, Vol. 9, No. 1, pp. 22~29.

(7) Park, J. S. and Jeong, K. W, 2006, “A study on the
design and control of a ultra-precision stage,”
Transactions of the Korean Society of Machine Tool
Engineers, Vol. 15, No. 3, pp. 111~119.

(8) Park, J. S. and Jeong, K. W, 2006, “Robust control
for a ultra-precision stage system,” Trans. of KSME
A4, Vol. 30, No. 9, pp. 1094~1101.

(9) Park, J. S., 2008, Dynamic Characteristic Analysis
and Robust Controller Design of an Ultra Precision
Stage System, Ph. D. thesis, Dept. of Mechanical
Engineering, Graduate School, Chungbuk National
University.

(10) Harris, C. J., Moore, C. G. and Brown, M., 1993,
Intelligent Control; Aspect of Fuzzy Logic and
Neural Nets, World Scientific.



