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Abstract

In order to study the vibration influencing factors in precision and high-precision machining, the
Euler-Bernoulli beam theory is used for theoretical analysis by applying micro-crystal structure to
macro-structure beam and based on the theoretical model of Euler beam. ANSYS is used for mod-
eling, simulation and error analysis to study and optimize the key factors, order and magnitude of
vibration band gap of macro-periodic structure. The results show that in the periodic structure of
different materials, sections, dampers and other elements, it is easy to find that changing the pe-
riodic structure parameters and oscillator types can effectively damp the vibration, and a local
band gap with low frequency and large attenuation can be obtained in a certain frequency band
range. According to theoretical analysis and simulation results, the vibration amplitude of a varia-
ble cross-section unit and short beam periodic structure is reduced from 1e-4 to about 1e-6, and
abrupt local vibration band gap is prone to occur when matching the natural frequency between
150~240 Hz. Therefore, for the precision and high-precision machining equipment, the appropri-
ate variable section periodic mechanism design, cycle number, damping and Poisson ratio can be
selected to reduce the dynamic errors in the process of machining.
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Figure 1. Diagram of periodic structure ram of gantry machin-
ing center
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Figure 2. Structural beam with two-component periodically distributed vibration ab-
sorbing element
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Table 1. Basic parameters and theoretical natural frequency of cantilever beam
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FHEA E (Gpa) — M $i(Hz) ZHr#i(Hz) =Hrif(Hz)
72 25 156.7 438.75
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7850 200 6 2
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Figure 3. Simple beam frequency response curve
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Table 2. Basic parameters and theoretical natural frequency of cantilever beam
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Figure 4. Modeling of spring mass unit system with periodic
distribution
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Figure 5. Modeling of spring mass element system with periodic
distribution
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Figure 6. Comparison of simple beam and periodic spring vibrator
structure
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Figure 7. Comparison of logl0 results for Y coordinate of one
component, two components and simple beam
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Figure 8. Vibration curve with damping of 3, 5, 10 and 20
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Figure 9. Experimental platform test platform
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Figure 10. Comparison of amplitude-frequency characteristic curves of different structures
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