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Abstract: A macro-micro-combined positioning system was built to reduce the vibration error of the
positioning platform in the Z direction and to realize its high precision positioning. It was driven by a
high performance linear motor. The micron-level large-stroke position was done in the macro-moving
platform supported and guided by a static pressure gas guide rail. The position accuracy in Z direction
was compensated by the micro platform driven by piezoelectric ceramics installed in the macro-moving
platform. Then the Z direction vibration model of this positioning system was established, where the
fuzzy PID control strategy was used. Furthermore, the output position signal of the positioning termi-
nal detected by a capacitive small-displacement sensor in real-time was treated as the input signal of
micro-moving platform to achieve closed loop feedback control of positioning system, and the real-time
compensation of vibration error of the macro moving system was ultimately impletemented. Experi-

mental results indicate that the micro compensating platform designed has good dynamic characteris-
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tics and real time error compensation effect. For Z direction positioning, the vibration range is reduced

from 6 pm to 2 pm after compensation. The results show that the vibration error compensation meth-

od studied in this paper can efficiently reduce the vibration error of the positioning system and improve

the positioning accuracy.

Key words: macro micro positioning platform; vibration model; piezoelectric ceramics; error compen-

sation
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Fig. 1  High precision positioning system of macro

platform
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Fig. 2 Electromagnetic force wave curve when motor

is running
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Fig. 3 Physical vibration model of Z positioning plat-

form

2 o R e K B ) S0 RS ML AE B
M@ AL R SR, FE 6 Y i EL AL+
BT & S LR HLA 1 B

EFXFaniEl 3 Frs @SL 0 Z J5 1) 8l ) AR AL,

W BT AT 19 755 U AL 1T A B 8 A 7T 5 7 1) 8 Bl A
HRHLJE &% . JFRIF HE 2 A AU T i Lk — 20 AR 8k
N1 ASPREEFRJE RGE . M AT LAHE 5 1 5 Ui g)
Tr i R K B8 7 J7 1 T B AR S . AR
7 FE B A W T 4, N 25 B A A e A2 T A
TR

AT R R e I, 7 L AT LASR] Al s L 2
SR b 1 o0 A A OUHE AL IR SRR 2 A
WAL 2 AR HE T FEAT SR, R K, Ko
S5 HR Fa Foo oty 2 DIt 2 2 ) F i
PERIRE .y R J1 F AR BB RS BT AAS

F=F\+ Ly
_ F\ _ Fy- (O
YT Ka o Ky
fr LA .
_F

Horp K= Ka+ Ky 7 F B B BUR AT, 158
P HE/INFL SR80 B HE /N AL 5 48, SR I Fi B A 1t
YEPAZS: AV GEE &L RN

ETAERBIEE D BT Y i A&
W X Z B shsE XY, Z JhiE R M AR /N,
Y 5 18] O 9IR B & 2% Z i CRY AR 1)) /Y 4R SRS
Xof 7 V- £ AR N ORG E d h  E BRL G L A
WF5E Z J7 ) 0 4R sh A R A 5T X 2 S B
HEST R B S RN 4 BN

Zo'

£ A

,fﬁb M ——

il

A
B < N
— —~

B4 IR IR

Fig. 4 Air bearing table vibration dynamic model
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Fig.5 Micro motion error compensation mechanism
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Fig. 8 Step response curve based on fuzzy PI control
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Fig. 10 Before and after the vibration error of Z axis compensation curve

P BB, BB sl AT 5 R S AR

6 % &% PR G IR B R 2 1 H Y SR B PT 45 i 5

%o SRRV ARG TN 400 mm

A SCEF R PSR A S R B Rg it MR ENT G IR ER T 2 pm, 5 IR A SR

Fr 7T EBLS RGO RO X R GER I R T TR 2 AME T 1 0 A AR GERE S L I e ke
DU R B B 0K 2l o i L A DN B AT 2 P 3R BESE AL,

[D]. Harbin Institute of Technology, 2006.

a i . kS K 2 ;o 3
S E X [6] ¥4&ml, %) 3& &, 7 5 7, 5. —Fh 2 O IR S %

[1] #k ok 4 B4, 3 0 R KATHR BN 2 10 &2 10 A CCHLI BB PERILT ). A% A 242, 2005,
FE[J]. MUKkt 5 4% ,2010, 6(6): 130-131. 13(2): 171-178.
LIN H B, YANG G ZH., HUANG X L. Design of JIEDG, LIU Y J, SUN L N, etal.. Modeling and
a large travel ultra precision stage[J]. Machinery control of a macro-micro dual-drive ultra-precision
Design & Manufacture, 2010, 6(6); 130-131. positioning mechanism[J]. Opt. Precision Eng.
(2] K &M, Bk, . JG 2L T AR A 2 R 40 i 2005, 13(2); 171-178.
MiAR g f I []]. bl T42,2011,38(9): 50-54, [7] FERRERIRA P M. LIU C R. A Method for esti-
WU ZH P, CHEN X L, LIU CH. Sliding mode mating and compensating quasistaric error of ma-
control of macro-micro system for wafer stage of li- chinetools [J]. Journal of Engineering for Indus-
thography[J]. Opto-Electronic Engineering, 2011, try, 1993, 115(1): 149-159.
38(9): 50-54. [8] VELDHUIS S C, ELBESTAWI M A. A Strategy
[3] TANG X,CHENIM. A large-displacement 3-DOF for compensation of errors in five-axis machining
flexure parallel mechanism with decoupled kinemat- [J]. Annals for CIRP, 1995, 44(1). 373-377.
ics structure [ C]//IEEE/RS] International Con- (9] Fhmhis . Zrheh A2 2400 KB EMEARPFIRL]] £
ference on Intelligent Robots and Systems, Bei- F % AR, 2005, 13(H8) . 69-75.
jing,2006:1668-1673. SUN L ZH, LI M M, CHEN W M. Study on pre-
(4] MAO J H, HIROYUKI T, AKIRA S. Precision cision positioning technique [ J]. Opt. Precision
positioning of a DC-motor-driven aerostatic slide Eng., 2005, 13(AppD : 69-75.
system [J]. Precision Engineering, 2003, 27(1): [10] x3&,fkMms. HALHVLIKM H B Z S
32-41. VA0 kF HE TR, 2007, 15(10): 1540-
(5] ¥ &ml. E/MIR3) &k HH AT EZAEGTL 1546.
[DJ. W5 /R Tl K2, 2006. LIU Q, ZHANG C P. H-type air-bearing motion
JIE D G. Research of the High-speed/ High-Preci- stage driven by liner motors [J]. Opt. Precision

sion Positioning System of Macro-Micro Driving Eng., 2007, 15(10): 1540-1546.



334 e K TR 5 23 %

[11] ##EAF. 2 F, i, 5. =RRENEISFESH errors generated by air-bearing guide of coordinate
FlEMsIAIRZ [J]. km kX F ¥R, 2011, measuring machine [J]. Journal of Shenyang U-
33 (1): 74-78. niversity of Technology, 2011, 33 (1). 74-78.

YANG HT, LIUY, FEI Y T, et al.. Dynamic

1E&E @t

XFHE Q78— J RILTTRURA , 1Y BRSLE (1974 —), B I0 T # A i A
LRI, 2000 4F T B OR VLR % Db, 42, 1997 4E L2000 4E.2003 T
B 948 5 2 . 2005 2010 47 T WA AR I T2 5 AR
IR Tl R 2 4 390 AR A5 A L R 2 12 7, S B R AR L R B L
i, EENE N — AL AR L 98 L) i B9 BF 55, E-mail: chenliguo
KB g i) B Ay T BF 5. Eomail @suda. edu. cn

liu_jizhu@163. com






