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Linearity calibration method of the high-precision displacement sensor

Zhang Defu Ge Chuan Li Xianling Ni Mingyang Guo Kang Li Pengzhi

( State Key Laboratory of Applied Optics Changchun Institute of Optics Fine Mechanics and Physics
Chinese Academy of Sciences Changchun 130033  China)

Abstract: To address the issue of high—-precision displacement adjustment and measurement in optical system a linearity calibration
method of non-contact capacitive displacement sensor is proposed. A calibration platform in which the movement axis the measurement
axis and the sensing axis are collinear is built. The Abbe error is eliminated in the measurement principle. The composition and principle
of the calibration method are presented. Symmetrical parallelogram mechanism is used to achieve micro — displacement adjustment. The
output compliance and travel stroke of the mechanism are analyzed based on the compliance matrix method( CMM) . Results shows that
the compliance of the mechanism is 13.585um/N and its movement stroke and positioning resolution are 543.4pm and 10nm respec—
tively. The linearity of the sensor is improved from 0. 047 14% to 0. 004 84% after calibration calculation. The linearity calibration
method exhibits high—-precision which satisfies the requirement of fine adjustment mechanism of displacement.
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Fig. 1 The composition of the calibration platform
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Fig. 2 Miro-displacement adjustment mechanism
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Fig. 3 Structure parameters of the guiding mechanism
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Fig. 5 Relationship between compliance and structure size of circular flexure hinge
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Table 1 Relationship between output compliance travel i4)
stroke and #( r =4.0 mm) :5)
t/mm /(pm+N") /pum 4 1 6)
0.5 66.632 2 665.28 . 7)
0.6 42.104 1 684.16 ’
0.7 28.546 1141.84
0.8 20.377 815.08 ;8)
0.9 15.130 605.2 o
1.0 11.588 463.52 R
1.0 9.101 364.04
1.2 7.298 291.92
1.3 5.955 238.2
1.4 4.931 197.24
1.5 4.136 165.44
2 . r (¢=0.8 mm) ° 200 pm 20
Table 2 Relationship between output compliance 0.041 8% ~0.053 7%
travel stroke and r( ¢ =0.8mm) °
r/mm /(p,m'N’l) /pm
2 14.025 561
2.5 15.850 634
3 17.488 699.52
3.5 18.987 759.48
4 20.377 815.08
4.5 21.679 867.16
5 22.907 916.28
5.5 24.073 962.92
6 25.186 1 007.44
130
7 o 8
10 nm. Fig. 8 Linearity measurement repeatability
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Fig. 7 Resolution of the mechanism
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Fig. 9 Sensor linearity measurement
o PID
- PID P = Xy
0.008 I = 0.000 05. a, a; a, ] 2014 35(2):
a, a = 4.60 x107" 1.05 x10™® -1.28 x 107 269275.
0.99 —0.26 10 . 9 ZHANG D F ZHAO L. Research of monolithic XY mi-
0.047 14% 0.004 84% cro-motion mechanism based on compliance matrix J .
. Chinese Journal of Science Instrument 2014 35(2):
. 269-275.
J. 2013
34(9) : 19274933.
YAOJT LILJ XUYD etal Statically determinate
measurement model and calibration method of statically
indeterminate six-axis force sensor J . Chinese Journal
of Science Instrument 2013 34(9): 19274933.
I 2010 31(9):
10 2003-2009.

Fig. 10 Sensor linearity calibration
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