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Abstract: Aiming at the problem that traditional displacement sensors do not balance both long range and
high precision, a new displacement measurement method combining the time-grating principle with the
magnetoresistive effect based on a spherical array was proposed. The orthogonally changing magnetic field
was constructed by using spatial orthogonal excitation windings, and the magnetic field was accurately con-

straint-controlled by the spatial periodic sensing structure. The mapping relationship between magnetore-
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sistance and displacement was established by using induction windings to pick up the change in the magnet-
ic field, which revealed the displacement sensing mechanism. The model parameters were optimized by
electromagnetic simulation, the sensor prototype was developed, the experimental platform was built, and
the measurement error experiments of the sensor were conducted. The experimental results show that the
sensor has a measurement error of £9. 4 pm and a resolution of 0. 1 pm within the 512 mm measurement
range. Micrometer scale measurement accuracy is realized using the millimeter scale sensing unit, which
greatly reduces the manufacturing difficulty of the sensor. Furthermore, the measurement range can be in-
creased with the requirements of the applications, and its high resolution measurement can be achieved

without the interpolation technology. It can be used in harsh environments such as strong oil pollution con-

ditions, which promises the significant academic value and engineering application value.
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Fig. 10  Structure diagram of the experimental platform
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Fig. 11  Actual measurement errors and error spectrum with the conditions 7,=12. 0 mm and different r,
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Fig. 13  Actual measurement errors and error spectrum with the conditions 7,=13. 0 mm and different r,
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Tab.2 Optimization of coils size parameters

MR LZE RN e 4l FEE P 5 IR/ pm

FH/mmo B/ mmo o ggag 1Kk 2% 3% 4% 5% 6 TR 8K 9%
r=10.0 12.54  7.67  43.34  3.63  4.84  2.61  3.36 3.27 3.28 1.84
r=11.0 13.65  7.89  36.85 10.46  9.09  6.07 0.59 0.61 0.91 1.29

el r=12.0 41.15  10.91 77.70 10.43 18.09  7.87 3.80 1.32 560 4.07
r=13.0  2.66  12.72 40.17 14.10  6.92  1.21  4.60 2.17 2.43 1.83
r=10.5 19.10  14.61  65.08  3.98  6.17  2.58 3.43 1.55 2.94 1.23
r=11.5 6.3¢  16.05 47.40 18.31 9.11  6.39 2.39 3.89 2.76 1.81

r=12.5
r=12.5 69.78  43.3¢ 84.12 23.51  1.89  4.68  3.60 4.23 2.81 2.03
r=13.5 63.21  20.91 76.67 13.12  1.84  10.22 2.90 3.89 0.87 2.67
r=11.0 52.30  7.36  41.70 20.77 12.11 822 2.55 6.08 1.85 4.18
r=12.0 61.69 877  36.95 20.81 11.04  8.46 593 3.38 4.30 5.78

e r=13.0 84.98 12.37 51.90 28.68 17.10 11.24 3.32 9.66 6.43  3.82
r=14.0 28.74 19.83 49.99 1579  7.73  4.07 565 3.14 1.90 4.07
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Fig. 16 Measurement error spectrum within a pitch
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Tab.4 Comparison of performance parameters of mainstream sensors
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