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Design and optimization of 3D iso-sensitive, low-coupling elastic mechanisms

Lei Yingjun'?,Xu Zhenying',Li Ruijun’
(1. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China; 2. School of Instrument
Science and Opto-electronic Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Vibration has a great impact on the accuracy of both instruments and machine tools, and its accurate detection and analysis is
a prerequisite for effective vibration control. In this study, a high sensitivity and low coupling 3D elastic mechanism, and its parameter
optimization method are proposed. The configuration of the 3D elastic mechanism is introduced, and the design of the 3D elastic
mechanism is completed through theoretical modeling, parameter optimization, and simulation analysis. Finally, the elastic mechanism
is combined with a high-sensitivity and low-coupling sensing system to develop a 3D low-frequency accelerometer system with high
performance, and the performance of the accelerometer are tested through experiments. According to the experimental results, the
sensitivity of the 3D accelerometer using this elastic mechanism is better than 2. 0 V/(m-s™>) , the coupling error is lower than 1.5% ,
as well as the frequency response range is 1~ 13 Hz, which is in accordance with the design requirements. Therefore, the 3D elastic
mechanism proposed in this study is characterized by 3D equal sensitivity and low coupling, and can be widely used in various 3D
accelerometers.
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Fig. 1 Structural of the 3D accelerometer
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Fig.2 Relationship between the output amplitude ratio

and resonant frequency of accelerometer
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Fig.3 3D vibration sensing mechanism
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Fig.4 Schematic diagram of 3D elastic mechanism motion
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Table 1 Structural parameters of the 3D elastic mechanism
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Table 2 Resonant frequency of the 3D elastic mechanism
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Fig.5  First-third-order mode of the 3D elastic mechanism
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Table 3 Frequency response characteristics of 3D

elastic mechanism
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performance parameter test experimental setup
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