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Abstract

This digital weighing module adopts an AT-cut quartz resonator as the sensing unit. By utilizing
force-to-frequency conversion, the proposed design exhibits high stability and strong noise immun-
ity, which effectively eliminates the intrinsic thermal drift problem of conventional strain-gauge
sensors. The single-point shear beam structure is optimized through finite element simulation, and
a stress-concentrating groove is integrated to ensure efficient force transmission. To maintain su-
perior signal quality, the system is equipped with a custom-designed FFT-PLL circuit and a low-
noise power supply. Experimental results demonstrate that the module obtains an accuracy error
of 3.51% and a repeatability error of 1.32% under an equivalent bending moment of 40~100 N-m.,
satisfying standard industrial requirements. The repeatability error is kept below 2% when the
load exceeds 30 N-m. The degraded accuracy in the range of 10~40 N-m is mainly caused by insuffi-
cient vibration damping and reduced low-load sensitivity. With further improvements such as in-
troducing damping structures and optimizing low-force response performance, the proposed
weighing module can be extended from general industrial applications to high-precision measure-
ment fields.
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Figure 1. AT-cut quartz crystal chip (a) AT-cut quartz chip dimensions (3.5 x 1.9 x 0.07 mm?); (b) Vibration mode simulation
of the quartz chip; (c) Unpackaged sensing unit; (d) Force application simulation of the sensing unit
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Figure 2. Photographs of the sensing unit: (a) Photograph of the sensing unit; (b) Assembled photograph of the sensing unit;
(c) Front wiring diagram; (d) Back wiring diagram; (e) Fixture diagram of the sensing unit; (f) Force application diagram of
the sensing unit
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Figure 3. Static gravity loading test of the sensing unit
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Figure 4. Commercial high-precision weighing module (bellows-type load cell) (a) ANSYS simulation model; (b) Side view
of the cantilever beam; (c) Stress simulation results; (d) Deformation simulation results
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Figure 5. Slotted structure of the sensor (a) Design drawing of the bellows-type load cell; (b) Prototype of the bellows-type
load cell; (c) Stress distribution simulation of the bellows-type load cell; (d) Assembly schematic of the weighing module
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Figure 6. Circuit processing flow chart
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Figure 7. Circuit connection diagram of the quartz chip frequency reading system (a) Circuit connection diagram; (b) Instal-
lation schematic; (c) Complete module; (d) Installation location diagram
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Figure 8. Results of three-step progressive loading experiments
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