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Abstract; On the basis of the measuring principle of time grating sensors, a new variable coupling time
grating displacement sensor was proposed by employing a high-frequency pulse as measurement basis
to improve the precision of displacement measurement. The precision displacement measurement of
the sensor was implemented by changing the coupling state of excitation and induction coils to output
a traveling wave signal for inducing the displacement change. By modeling and simulations, the
displacement error characteristics of the sensor when sensor-head was in different attitudes were
obtained. The harmonics analysis was performed, and the influence of different sensor-head attitudes

on different resonances of the displacement measurement errors was obtained. A sensor prototype was

I fm B H#3:2016-03-04; 81T H #1:2016-06-21.
HETH:EFXARP LS EIIH H (No. 51505052, No. 51405049) ; F P 1 B 47 #F & JE Hb fig )7 #2 F+ 35 B (No.
cstc2014pt-sy40002)



2272 b=

k% TR

5 24 &

designed based on the model and then experiments were carried out. Simulations and actual

experiments indicate that different sensor-head attitudes mainly influence 1st, 2nd and 4th harmonics,

and other harmonics are more sensitive to pitch attitudes than other attitudes of the sensor-head.

When the sensor-head is in a good attitude and the gap between ruler and sensor-head is 0. 3 mm, both

experimental analysis and simulation result show that the measurement error is about + 18 pum.

Simulations and actual verification experiments are in agreement well.

Key words: time grating sensor; displacement measurement; sensor-head attitude; mounting error;

measuring precision
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Fig.1 Time grating sensor model
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Fig. 2 Dimension relationship of ruler and two sensor-heads
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Fig. 3 Diagram of signal processing of sensor
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Fig. 4 Different attitudes of sensor-heads
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Fig. 7 Pitch attitude diagram of sensor-head
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Fig. 16 Physical maps of ruler and sensor-head
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Fig. 18  Experiment data of displacement error when

ruler and sensor-head have different gaps
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Fig. 19 Displacement error of physical sensor-head under

different pitch attitudes

FRR G2 S L AR UEAE D Sk TAEK B L i)
PHARAS 3T 0. 004 mm, & AT 0. 002 mm,
A4 B2 Hy 43 32958 T 0. 02,0, 04, —0.02
—0.04 mm, B 20 N hillskiz gh 1 448 6]
PE Y I B0 5 RENISHAW ML8O #0% T #4Y
A H i L X i 2

S5 VAL S Sk, R UEAE DU Sk TAEK B Y
PHARAS 3T 0. 004 mm, i #2 A8 1T 0. 004 mm,
BEEESEAZT 0.01 mm M 0.02 mm, KE 21
o) LI S ) I W =l TR SN ORI o T
RENISHAW ML8O 0t T ¥ AL 45 F 48 L X Js
EHEAE

Displacement of sensor-head/mm
20 ANl e 3T B0 iR 22
Fig. 20 Displacement error of physical sensor-head under

different yaw attitudes

30 [—=—/,=0.01 mm —e—H,=0.02 mm —&—/,<0.002 mm

20

- 10
E
E] it
=10
=20 " I " 1 " 1 n J
0 1 2 3 4
Displacement of sensor-head/mm
B 21 ASTRIVR SR 2325 7F (0 2 1 22
Fig. 21 Displacement error of physical sensor-head under

different rotation angles around xr-axis
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Tab. 2 Comparison of experimental results of amplitude and phase in main error harmonics with sensor-head at different attitudes

ARSBEE d KRN H (d=0.3 mm) ARGHE Hy (d=0.3 mm) KEH H; (d=0,3 mm)
0.2mm  0.3mm 0. 4mm  0.5mm 0.02mm 0,04 mm 0.,02mm  0.0dmm —0.02mm —0,04mm 0,0l mm 0.02 mm
10 W/ m 3245 3756 4322 4493 16,467 22.383 L2120 433 3957 3887 3.860 4125
/O 17820 18LTE 17749 189.59 168.52 165,15 18136 18271 18112 18177 181,23 181.86
2 IR pm 5,845 7,227 8,317 8.938 2,992 38,217 8. 699 9,535 8,015 9,555 7.261 8,540
Mf/C) —66.95  —75.56  —69.53  —69.96 —56.61  —39.76 —T449 =T365  —T413 7402 —77.51  —T76.63
3W WM/ pm 0,675 1..069 L8  0.623 0. 886 1,068 1.145 1092 1018 1068 0,942 0.883
RA/C) —18.45  —65.14  —T7236 26492 —61.61  —73.93 =725 —T19.54  —69.49  —65.15 —17.89  —41.57
AW B/ /m 13470 10.604 864 7371 10,089 8.631 10,909 12,052 9.736  9.151 9,170 8.819
R/ 6837 0,41 69.35 69,73 59 72,29 68.97 6838 69.91  T7L% 76,06 7122
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WA/ 23773 11245 —42.81 21623 143,62 9147 .78 —3462 3969 11200 —45.82 73,66
TR OBE/m o 0582 0445 0.653 0,968 0.469  0.543 0.569 0,491 0552 0,583 0.663  0.523
R/ —60.57  —55.54  —58,22  —50.51 =59.74  —40, 44 —69.19  —67.51  —62.06 —57.47 —48.59  —43.78
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