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Y5 B #3:2024-07-22; 1&1T H 3 : 2024-08-27.

EE£WB:HEK AP 2EIE4E (No. 52175454) ; 8 1T A AR 2= 3L 41 130 H (No. CSTB2023NSCQ-MSX0382) ;
R ZER AR E S5 H (No. KIZD-K202301106) 5 T e 117 #F 98 4= BF0F 81 3 5 H (No.
CYS240668)



5 20 WAk AR , 55 - 22 WG R A B0 2 % 2 T 4 I A2 7% 1 A% 3027

ment sensors need to be zeroed when they are powered up, an absolute planar 2-D time-grating displacement
sensor based on multi-frequency magnetic field coupling was designed, which adopts time-driven excitation
signals of different frequencies to reduce the power consumption of the sensor circuit and at the same time
make the decoupling of signals in the X and Y directions and the 2-D absolute position solving simpler and
more reliable. Firstly, a mathematical model of magnetic field distribution of the excitation coil was estab-
lished, and the relationship between the width of the excitation coil and the height of the coupled air gap was
analyzed according to the characteristics of the spatial magnetic field distribution; based on the incremental 2-
D time-grating displacement sensor structure of the differential structure, an absolute planar 2-D time-grating
measurement model of the opposite poles reciprocal structure was established, and a new scheme for the 2-D
absolute position solution based on the look-up table method was proposed, which avoided the influence of
the measurement error on the solution result in the practical application; the feasibility of this solution was
verified by electromagnetic field simulation, and the optimal installation gap of the sensor was determined to
be 0.8 mm; finally, the sensor prototype was fabricated, and the 2-D precision experimental platform was
constructed for performance testing. The experimental results show that the sensor prototype in the effective
measuring range of 147 mm X147 mm, the original measurement errors in the X and Y directions are
+20.4 pm and +=21. 1 pm, respectively, and it has the advantages of no need to find the zero point on pow-
er-on, which realizes the all-in-one 2-D absolute displacement measurement and positioning.

Key words: multifrequency magnetic field; antipolar prime; absolute two-dimensional; time-grating dis-

placement sensor
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Tab.1 Precision counter polar meter
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Tab. 2 Sensor simulation parameter setting
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Uk it 25 P I 4/ I 1
FHALIER R 28 18 55 1 /mm 21
FEATLIER N 26 B 55 ) /mm 10. 4
AL N 26 B8 58 ) /mm 16
KE MLV, 26 18 75/ mm 7.9
N 2R P 4% /mm 0.1
JEk v 2% Bl LB/ MQ 1
TR 2k P It K/ [ 1
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2R BB R Copper
2 HE A PBL/mm 0.8
HEL I 338 3 07 FLEE 25/ mm 10.5
FEL 8 38 5 B2 K /mm 0.25
¥ DN 38 38 {5 BL I B/ mm 8
A 38 3B B K /mm 0.2
X5 [ 4jf ELRF K /s 2
XI5 Il fff B[R AC / ps 0.05
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(c) X-direction precision machine traveling wave signal U3
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Tab.3 Analysis and summary of simulation error of precision measurement channel under different installation gap

p—— 5
S LBt/ mm Hii i 2 2 ERVIIR 4

o1 X7 [ g K/ pm 32.47 15.91 0.40

Y J5 ] g/ pm 34. 30 16. 54 0.12

o2 X7 R/ pm 33.07 15.87 0.12

Y 77 [ A/ pm 33.92 16.91 0.07

X J7 [l W/ pm 34.41 15. 26 0.68

03 Y 7 [ i / pm 32.90 16.62 0.08

o4 X J5 1 i {8/ pm 32.97 16.08 0.10

Y 77 i@ {8/ pm 35.53 16. 54 0.46

0.5 X J5 W g/ pm 35.03 16.09 0.34

Y J5 1] g/ pm 34.01 16. 80 0.07
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Tab.3 Analysis and summary of simulation error of precision measurement channel under different installation gap

LA A B/ mm A ) 33 S 5 22 W I {1 ) .
06 X5 [l i@ {8/ pm 34.54 16.23 0.62
' Y J5 il i {5/ pm 35.12 16.54 0.40
o7 X7 1M W& A /pm 35.72 16. 49 0.73
' Y 5 [ WA/ pm 35. 00 16.70 0.51
0.8 X7 [ g AA / pm 33.12 15. 39 0.61
' Y 5 [ i 8/ pm 33.97 16. 64 0.72
0 X5 [ {8/ pm 33.08 16.18 0.55
’ Y J7 [ 0 {8/ pm 35.00 16. 33 0.90
Lo X7 o] {8/ pm 36. 65 17.82 0.47
' Y 75 [l i {5 / pm 34.48 16.71 0.41
s X7 1M W& A /pm 37.18 15.59 0.39
' Y 5 [ WA/ pm 36.01 15. 74 0. 96
50 X7 m g/ pm 39. 87 15.90 0.63
' Y 5 [ i E / pm 32.78 15. 06 1.22
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