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Abstract: An on-line linearity calibration platform for capacitive displacement sensors is proposed to
implement the high-precision adjustment and the measurement of displacement. The symmetry axis
for movement, the measuring axis of an interferometer and the measuring axis of a sensor are collinear
in the platform, so that the Abbe error is decreased in principle. For the z/tip/tilt adjustment
function in the platform, the alignment between the sensor and the target surface is realized. The
composition and principle of the calibration method are introduced and the micro-displacement is
adjusted by a symmetrical parallelogram mechanism. Then, the output compliance and stroke of the
guiding mechanism are analyzed based on Compliance Matrix Method(CMM). The experiment result
demonstrates that the stroke of the calibration platform is 735. 162 ym and the errors are 7. 410% and
4.633% comparing with that of the Finite Element Method (FEM) and CMM, respectively, which

meet the requirement of the stroke. Moreover, the sensor linearity is improved from 0. 014 21% to
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0.006 231% after calibration calculation. The linearity calibration method has high-precision and it

satisfies the requirement of fine displacement adjustment of the mechanism.

Key words: capacitive sensor; linearity calibration;calibration platform; compliance matrix
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Tab. 1

FEM and CMM of guiding mechanism

The stroke in FEM/mm

The coupling error in FEM/ Y The Max stress

The stroke in CMM/mm

Input force/N

2 stroke comparison

in FEM and CMM/ %

‘ ‘ in FEM/MPa
1 N 2 /% nilxn T2 V2 2 (2172) /2%
10 T30 2,044X107%  3,13X107! 1.192 0,065 3 7,604 0 0 3.02x107! 3,642
20 T.50X107°% 4.087X10™*  6.26X107" 1.198 0.065 3 15,21 0 0 6.05X107! 3,471
30 1.12X107%  6.131x10~ % 9.39x10~! 1.193 0,065 3 22,81 0 0 9.07x107! 3,528
40 1.49X107% 8. 174x10~* 1.252 1.190 0,065 3 30, 42 0 0 1,210 3471
2 FEM CMM
Tab.2 FEM and CMM of moving platform
The stroke in FEM/ The coupling error n FEM/ % The stroke in CMM/ ¢ stoke comperion
e stroke in FEM/mm e coupling error in FEM/ /4 ax stress e stroke in /mm ) ‘
It fore/N The Max stres in FEM and CMM/ %
) in FEM/MPa ‘
I n 2 11/ nlxn 2 Vs 2 (21=22) /2
10 =1495X107* = 1. 723X107% =1, 44x107! 1.038 1,197 2.985 0 0 —1.364x107! 5,072
20 L746X107% 2,022X107%  1.69X10! 1,033 1.196 3,450 0 0 1.660x107* 1.807
30 4,985X1073 5. 764X107%  4.82X107" 1.034 1,196 9,884 0 0 4,685X107! 2,882
40 8.2x107° 9.5X107*%  7.94X107! 1,033 1.196 16. 320 0 0 7.709X10~! 2.996
1 ,FEM x v
y 1. 198% 1L 038% 1.197%, 410N
0.065 3%, 40N, 0. 794 mm,
z 1. 252 mm, 16. 32 MPa, s 7 o
30. 42 MPa, . FEM FEM CMM
N 0
CMM 3. 642%, 5.572% ., 10~40 N,
10~40 N, x T .y . .
2 . 2
,FEM

0.439 mm
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