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Abstract: Due to traditional serial-type micro-motion stage has disadvantages of incompact structure
and low stiffness, a parallel-type self-decoupling 2-dimension micro-motion stage was designed with
the advantage of compact structure, high-resolution and high stiffness. Four symmetrical nested
parallel guide mechanisms were adopted in this platform to confer it has the features of symmetrical

stiffness and self~decoupling. Operation principle of nested parallel guide mechanism was analyzed in
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this thesis. Simulation of deformation situation of micro-displacement platform on condition of
different stresses was conducted via finite element method, and modal analysis was conducted on it. It
is verified that this platform has the function of self decoupling, and the actual travel range of micro-
displacement platform obtained through experimental measuring, and it is also verified that its output
displacement has good linearity.

Key words: parallel type; self decoupling; micro-displacement platform; nested parallel guide

mechanism; method of finite elements

1 o sa b
NG o
[1-7] .
(PZTD) s
\ s
[8-11] . \ ‘ ,
s o 1
s Fig.1 Schematic of nested parallel guiding
o s mechanism
s o
1 , Y
’ F c .
’ c cC Y .
[12.13] ’ ’
’ a B
’ b A
o ’ A o
’ A X ,
A ’ a b ,
A o )
’ c . c
’ ’ : C X
2 o , a b
, ¢



1876 25
(o) o 3(e) , M N
N
o 1 a
b
2
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spring mechanism
[14-15] s 2 . [15]
a=ie 1z /500, (D
On s
sA
A 770 193X%° __FP*
ON=y T1920 183 840 8EI" P
E i
(L 2 3
N N Fig. 3 Nested double parallel spring mechanism
. 3(a)  3(b)
. L=1=1 ; M F
’ N ’
. FI M,, 4 (Ca) o
AI_AZ_A_SEly 3) ,
A TTR 193)° , F,
Oni=0n: =5 71950 183840 4
aAl /12 3(8.) 3(b) F/_ﬂ (6)
’0\r1 0\"2 3(&) 14 '
3(b) o N 0
(.3 b 4(b) s M, F .
sinfy P 0
= =[+(1—72 ’ 5 / 2 :
e ( A ) v Qzarctan(ﬁ):arctan( 2Er )~ 2F
A A 3(a)  3(b) EAL EAL*" "EAL™
F . (7
(5) , A :
) 7 , F
g,

[13,16] y 3



1877

’ ’ 5 o
5 b AY
AL7075-T6
0.6 mm, 110 mm X110
mmX 12 mm,
4
4
Fig. 4 Force status of external parallel spring s
mechanism
s ANSYS
4.1
6 7( )
6 X 10 N
4 , 7 Y
2
10 N o
5 . )
1,
) 1 ’
(8
5 6 X 10 N

Fig.5 Structure of micro-motion stage Fig. 6 10 N driving force by X-axis PZT



1878

7Y 10 N
Fig. 7 10 N driving force by Y-axis PZT
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Tab.1 Results of finite element statics analysis

/X /Y /
MPa pm pm
X 10N 9.547 18. 183 0.003
Y 10N 9. 557 0.003 18. 201
. (8)
|Ly=AX/Y
, 1 18
p.m ’ 10 MPa,
4.2
8 9
. 2 4

8
Fig. 8 Diagram of first-order modal shape of micro-

motion stage

9
Fig. 9  Diagram of second-order modal shape of

micro-motion stage

2 4
Tab. 2 The first 4 model frequencies of micro-motion
stage (Hz)
1 444,76
2 444, 87
3 1 226.55

4 1416.52
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Tab. 3 Performance parameters of PZT
(pm @100V) (pm @120V) (N @120V)
15+10% 18+10% 1750
s oV
100 V s o
11 12 X oV
100 V VX Y 12 X 0 100V Y
o 13 14 Y
oV 100 V Y X Fig. 12 Y-axis displacement when the voltage of X-axis

R actuator increased from 0 V to 100 V
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Fig. 14  X-axis displacement when the voltage of Y-axis
actuator increased from 0 V to 100 V °
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