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Abstract: For the traditional planar two-dimensional grating displacement sensors conducting large-area
planar displacement measurements, there were some problems such as complex structure and strict grid
processing requirements. A two-dimensional displacement measuring method of "dimension judgment —+
displacement decoupling” was proposed, which adopted a spatial periodic sensing structure to build the
quadrature varying magnetic field mapping between the spatial two-dimensional displacements and time ref-
erence. The influences of measuring accuracy on two-dimensional displacements caused by installation er-

rors of the moving scale were studied. Through modeling simulation analysis and experimental verifica-
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tion, the measuring errors of two-dimensional displacement caused by the rolling attitude, the pitch atti-
tude, and the yaw attitude were deeply analyzed. The experimental results show that installation errors
mainly introduce DC offset, 2nd and 4th harmonic errors into the two-dimension displacement measure-
ment. When the air gap height between the moving scale and the fixed scale is 0. 6 mm, the measuring er-
ror in the X direction is not more than &=8. 6 pum, the measuring error in the Y direction is not more than
+8.8 um, and the resolution is 0. 15 pm within the 240 mm X 240 mm measuring range. The micrometer-
level two-dimensional displacement measurement is achieved with millimeter-level sensing units within the
240 mm X 240 mm measuring range, which promises the significant academic value and engineering appli-
cation value.

Key words: large measuring range; two-dimensional displacement measurement; time-grating Sensors;
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Fig. 16 Measuring errors of different pitch angles in X

and Y directions within a cycle of sensing units
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Fig. 17 Measuring errors of different yaw angles in X and Y directions within a cycle of sensing units

4.2 FZWHEIEDH
B E LA [R] 2 256 A S0 56 T B A5 (0 &2 iR
95 22 B0 AR A A i S, A5 30 G I R 22 4 dn

%%1F)‘I"/j:\‘0

(1)

B RO R B LA B0 T, XA Y 7 1]

f 1R 22 3 I i BB ER L2 4 IR
W, Y AR EE O 0.5 mm~0. 8 mm i,
LU0 o R 2 W e B A e R e e P

F1 REREINEMNMANSIRESF

Tab.1 Measuring error analysis within a cycle of sensing units caused by the different mounting errors

WP S B {EL/ pm

%225/ X7 1 Y Jr il
0% 1K 2K 3K 4k 5K 6K T 0K LK 2K 3%k 4K 5K 6K TR
d=0.5mm 7.9 1.2 14.1 3.2 22.4 3.0 3.5 3.1 83 2.5 13.1 3.6 25.3 3.8 2.7 1.1
d=0.6mm 5.5 1.3 10.8 2.4 19.3 2.6 2.2 2.8 5.3 2.1 11.1 2.8 19.3 2.7 2.1 1.7
d=0.7mm 15.3 0.3 12.7 3.3 154 3.9 3.7 2.8 12.3 1.6 15.3 2.2 16.3 3.1 2.3 2.1
d=0.8mm 23.4 2.1 13.2 3.7 11.6 4.5 4.2 4.1 18.3 2.4 17.2 3.1 13.3 4.1 2.9 2.6
9=0.5° 16.7 2.6 26.4 2.5 3.9 2.9 2.4 1.5 20.6 3.4 12.9 2.1 23.1 3.6 2.2 2.9
0=1° 21.6 2.7 31.4 3.9 2.6 2.1 2.5 0.4 26.1 3.9 154 3.6 29.6 3.7 2.1 3.0
fg=1.5 31.8 2.2 39.1 2.1 4.6 1.7 2.6 1.6 33.6 3.1 17.4 4.1 40.7 3.8 2.4 2.1
a=0.5 11.8 2.1 13.5 2.2 21.4 2.0 2.7 2.6 13.3 4.9 23.9 3.9 3.5 2.5 2.9 1.7
a=1° 24.7 2.6 16.9 2.0 23.3 3.6 2.3 1.6 23.7 2.7 32.1 3.1 3.0 2.0 2.1 2.8
a=1.5 31.9 2.9 18.5 2.7 26.5 3.6 3.7 2.4 32.2 2.4 38.9 3.6 4.1 2.5 2.8 2.7
B=0.5 15.4 2.9 16.2 3.9 2.5 3.4 3.2 3.1 13.1 3.4 16.9 3.0 10.3 3.2 2.7 2.1
L= ° 2001 2.8 23.7 3.3 3.5 3.0 3.1 3.5 23.0 4.4 20.9 4.1 13.3 3.7 2.3 2.6
pL=1.5 28.8 3.5 32.1 4.3 3.8 3.2 3.9 3.3 29.4 4.7 28.5 2.9 18.2 2.7 2.4 2.8
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