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Abstract: To overcome the limitations of traditional micro-force sensors in complex measurement scenari-
os requiring high sensitivity and high resolution, a weakly coupled resonant micro-force sensor based on
mode localization technology is proposed and developed. A hybrid architecture is adopted, in which a be-
ryllium bronze coupled resonator is integrated with a flexible lever mechanism, enabling micro-force mea-
surement through monitoring of the amplitude ratio. By employing a flexure hinge structure, the applied
micro-force is efficiently transformed into an axial stiffness variation of the perturbed resonator, thereby
achieving ultra-high measurement sensitivity. The validity of the design model is verified through theoreti-

cal analysis and numerical simulation. An experimental system is constructed for mechanical amplitude
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measurement and micro-force calibration, allowing comprehensive evaluation of sensor performance. Ex-

perimental results indicate that the developed micro-force sensor provides a measurement range of

0-120 mN, a relative sensitivity exceeding 135X 10 °/uN-more than 4,600 times higher than that of con-

ventional strain-type micro-force sensors-and a resolution better than 30 pN. These results confirm the fea-

sibility of the weakly coupled resonant structural scheme and demonstrate a novel approach for ultra-high-

sensitivity micro-force measurement.

Key words: micro-force sensor; weakly coupled resonators; mode localization; ultra-high sensitivity;

amplitude ratio output
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Fig.1 Physical model of weakly coupled resonators
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Fig.2 Schematic diagram of resonant micro force sensor
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Tab.1 Structural parameters of micro-force sensor(mm)
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Fig.3 Weakly coupled resonant micro-force sensor
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force calibration experimental platform
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