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Abstract: Addressing the challenges in the manufacturing of high-precision displacement sensors, a mag-
netic-field time-gate displacement sensor based on discrete windings was proposed. Through a specific ar-

rangement of discrete exciting windings and valid shape of the discrete inducing windings, the change law
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of induced displacement signals was controlled. High-precision displacement was achieved using a com-
bined measurement method. Furthermore, the influence of errors in exciting signals and the installation er-
rors of the sensor on the measurement precision was analyzed via theoretical modeling, simulated analysis,
and experimental verification. The experiment results showed that the DC error and 2nd harmonic error
were introduced directly within the pitch by the amplitude errors between the two excitation signals and in-
stallation errors, with the 2nd harmonic error being the primary contributor to the measurement errors. As
installation errors increased, the 2nd harmonic error also increased. The most significant impact on the
measurement error was found to be the deflection error along the Z axis, followed by the flip error along
the Y axis, and the least impactful was the tilt error along the X axis. After error correction was applied,
the peak-to-peak value of the measurement error was found to be 4.5 pum within 144 mm, and the resolu-
tion was determined to be 0. 15 pm. The primary feature of the method proposed is that discrete exciting
windings and inducing windings on a millimeter scale were used to achieve measurement precision on a mi-
crometer scale. This approach was shown to significantly reduce the manufacturing challenges of the dis-
placement sensor, providing academic value and practical value.

Key words: linear displacement; discrete windings; combined measurement; time-gating sensors; error

analysis
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Fig.1 Overall structure of magnetic-field type time-gating displacement sensor
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Fig. 2 Position of induction winding and excitation winding
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