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Precision Nanopositioner Stage
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[ABSTRACT] A model of static and dynamic
characteristic of nanopositioner stage is built with finite
element method. The displacement, stress distribution,
natural frequencies and vibration modes of flexible ,
hinge effected by some main factors are analyzed. The ,
influences of main structure parameters on static and
dynamic characteristics of the nanopositioner stage are
investigated by comprehensively using orthogonal test
design. The regression equations of the performances, L
structure sizes of nanopositioner stage are obtained by h t b r, 1
using stepwise regression analysis on numerical results, h
and a prototype is manufactured for verification. h=
Keywords: Nanopositioner stage Finite ele- 14mm, ,
ment analysis Stepwise regression analysis 65Mn,
200GPa, 0.288, 7.99/
, cmé, 785MPa
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Fig.1 Structural parameters of flexible hinge
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dum

68.7
122.8
180.6
270.6
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3.7
20.3
22.7
74.1
73
31.8
20
37.7

o/MPa

161
215
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f,/Hz

288
206
184.3
164.1
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1 ]
F © Fom(1, 15) =1.43;
F ‘Fos(1,16)=1.42 3

O=- 247.66t+0.303 7F- 27.96b+36.14t°+8.68r*+
0.904 7b*+0.051 2L°+420.69(um) , (1)

=-1 016.40t+0.332 4F+17.41r+4.403L+
339.30t* 39.18t°+793.38(MPa) , (2)

f,=150.35t+0.052 9F- 16.17r- 8.104L+

0.104 7b*+312.47(Hz2) (3)
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Fig.3 Simulation results of optimization regression
equation output for translation displacement, maximum

translation stress and translation natural frequency
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Fig.4 Relationship of translation
displacement 6-f(F,¢)

% :
BS5 #HEHho-f(F1)XEAR
Fig.5 Relationship of translation
stress o—f(F,t)
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2 o)
, ( ) a a=arc
sin(&L)= &L

5=- 287.72t+0.107 6F+26.91r- 0.121L+42.80t-
0.20r% 3.62x10°°F*+0.003 26L%+376.39(um) , (4)

0=- 185 5.30t+0.517 1F- 75.56r+487.96b+626.70t
0.000 273 8F %4+57.55r% 30.48b%+0.131 8L%
71.33t- 11.67r%+0.621 88b* 804.84(MPa) ,  (5)
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t/mm | F/N | r/mm [ b/mm | L/mm| &um |o/MPa| f,/Hz
1 2 | 200 1 14 20 | 44.1 | 101 |1 356.5
2 2 [300| 15| 16 | 23 | 811 | 152 |1108.2
3 2 [400| 2 18 | 26 [122.2| 193 | 914.6
4 2 [500| 25 | 20 | 30 [176.1| 263 737
5 25 (200 (| 15 18 30 | 70.5 | 83.9 |1055.3
6 |25 |300(| 1 20 | 26 | 37.8 | 92.2 12958
7 25 400 | 25 14 23 | 704 | 146 |1247.7
8 25 | 500 | 2 16 20 | 546 | 141 |1521.7
9 3 | 200 2 20 23 9.9 | 36.7 [1585.8
10 3 [300| 25| 18 | 20 | 20.3 | 51.9 |1738.4
11 3 | 400 1 16 30 | 524 | 149 |1327.1
12 3 | 500 ]| 15 14 26 | 459 | 163 |1471.2
13 | 35 [ 200 | 25 16 26 | 354 | 41.8 |1550.7
14 | 35 (300 | 2 14 30 | 63.1 [ 121 |1399.7
15 | 35 | 400 | 15 | 20 | 20 | 0.2 | 56.9 |2 208.8
16 | 35 [ 500 | 1 18 | 23 | 10.6 | 87.8 |1994.4

f,=505.69t- 126.08r- 169.90L+0.000 2F >+
2.247 11%+0.018b%2 909.13(Hz) , (6)
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Fig.6  Simulation results of optimization regression
equation output for rotational displacement, maximun

rotational stress and rotational natural frequency
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Fig.8 Relationship of rotational stress o—f(F,1)

Relationship of rotational displacement §—f(F,¢)

3
|
/N

/um /um 1% /um /um 1%
50 155 | 15.963 | -2.99 5.0 4.818 3.64
100 295 | 31.147 | -5.58 10.0 | 10.196 | -1.96
150 46.5 | 46.331 | 0.363 | 15.0 | 15.568 | -3.79
200 61 61.515 | 0.84 20.5 | 20.931 | -2.10
250 75 76.699 | -2.27 26.0 | 26.284 | -1.09
300 90 | 91.883 | -2.09 | 30.5 | 31.623 | -3.68
350 104 |107.067| -2.95 | 36.5 | 36.946 | -1.22
400 119 |122.251| -2.73 | 415 | 42.250 | -1.81
450 135 |137.435| -1.80 | 47.5 | 47.533 | -0.06
500 149.5 [152.619( -2.09 | 520 | 52.790 | -1.52
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Fig.9 F-8 measurement curve and regression

calculation curve for translation parts and

rolational parts of the prototype
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