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Design and Study of Resonant Ultrasonic Elliptical Vibration Cutting Device
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Abstract: An ultra - precision tool holder with resonant ultrasonic elliptical vibration is designed. Based on Langevin standard

equation, the finite element analysis model of ultra—precision tool holder is established, and a new composite beam step horn is
designed. The dynamics of ultra-precision tool holder with resonant ultrasonic elliptical vibration is analyzed. Through the modal
analysis, the vibration modal cloud picture is obtained, and the natural frequency of the ultra-precision tool holder is determined
along with the existence of and longitudinal bending coupling vibration in the tool holder. The harmonic response analysis is

conducted to gain the amplitude—frequency response curve of the ultra—precision tool holder and determine its resonance frequency.
The transient analysis defines that the vibration trajectory of the particle at the front end of the ultra-precision tool holder is an
elliptical trajectory. The dynamic analysis results show that the ultra—precision tool holder can realize ultrasonic elliptical vibration.
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