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Abstract: Aiming at the problems of mutual crosstalk among magnetic fields affecting the meas-
urement accuracy of the sensors and reducing the signal-to-noise ratio when the excitation frequency of
two code channels of a dual-row planar magnetic field sensor was the same, a multi-frequency magnet-
ic field coupled absolute linear time-grid displacement sensor design scheme was proposed, which
achieved the solution to the problems of eliminating the crosstalk of the magnetic fields among the
code channels while solving the absolute displacement. The sensor was divided into fixed scale and
dynamic scale, both using double-layer alternating structure, fixed scale using two columns of incre-
mental code channel combination, divided into fine and coarse machines, the pairs of poles of two
rows of excitation coils were two integers of the reciprocal relation, the absolute displacement meas-
urement was realized by using the pairs of poles within the displacement difference. Precision machine
measurement channel and rough machine measurement channel were input different frequencies of the
excitation current signals at the same time, the precision machine was input the 1 MHz high-frequency
current signals, the high-frequency excitation current signals might effectively enhance the inductive
signals, improve the signal-to-noise ratio of the electrical processing system. Through the method of
outlier frequency reduction, the sensor resolution was improved, which effectively solved the prob-
lems that it were difficult to reconcile the signal-to-noise ratio enhancement of the signals by increasing
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the frequency of the excitation signals and the high resolution of the sensors. Theoretical validation
and error analysis of the sensors were carried out through electromagnetic simulation analysis. Final-

ly, the experimental platform was built to carry out prototype experiments, and the experimental results

show that the absolute sensor structure with multi-frequency magnetic field coupling effectively eliminates the
magnetic field crosstalk between the fine and coarse machines, and the signal-to-noise ratio of the sensors is
improved, with measurement errors are less than #=17.34 pm in the measurement range of 140 mm.

Key words: absolute displacement measurement; multi-frequency magnetic field coupling; signal-

to-noise ratio; displacement sensor
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Fig.1 Magnetic field generated by a current-carrying

straight wire in a vacuum
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Fig.2 Schematic diagram of the excitation magnetic
field of a straight wire
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Tab.1 Simulation parameters of current-carrying

straight wires
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Fig.3 Magnetic field distribution of current-carrying

straight wires
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Fig.4 Schematic diagram of a single excitation coil
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Fig.5 Schematic diagram of a local area
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Fig.7 View picture of sensor structure
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Fig.8 Absolute displacement solution
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Fig.9 Absolute displacement solving process
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Fig.10  Absolute displacement signal processing
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Fig.11 Schematic diagram of high-frequency to

low-frequency conversion
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Fig.12 Sensor simulation of induced electromotive force
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Fig.13 Sensor simulation error analysis
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Fig.18 Sensor intra-polar error
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Fig.19 Sensor displacement measurement curves and error
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