Mechanical Engineering and Technology HLB L2 5HiR, 2019, 8(2), 158-165 Hans Y
Published Online April 2019 in Hans. http://www.hanspub.org/journal/met

https://doi.org/10.12677/met.2019.82020

Design of a Novel Tri-Axial Device for
Elliptical Vibration Cutting

Qi Liu, Yifan Song
School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing Jiangsu

Email: liugi_qql9896@163.com

Received: Apr. 8th, 2019; accepted: Apr. 21%, 2019; published: Apr. 28th, 2019

Abstract

For complex surface of refractory materials, three-dimensional elliptical vibration cutting is con-
sidered to be a promising cutting method. In this paper, a three-dimensional elliptical vibration
cutting device was designed with piezoelectric drive and flexible hinge guidance, and the kine-
matics and modal analysis of the structure are carried out with the help of finite element method.
The motion trajectory and the first six modes of the structure are simulated and analyzed, and the
feasibility of the structure is verified.
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Figure 1. (a) Three-dimensional elliptical vibration cutting device; (b) Two degrees of free-
dom flexible hinge mechanism; (c¢) The main view of structure b
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Table 1. Properties of materials
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Figure 2. The finite element mesh division model of the device
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Figure 3. A signal is applied at an input end
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Figure 4. Two signals are applied at two input ends
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Figure 5. Three signals are applied at three input ends
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Figure 6. Modal analysis diagram of the structure. (a) First-order modal; (b)
Second-order modal; (c¢) Third-order modal; (d) Fourth-order modal; (e)
Fifth-order modal; (f) Sixth-order modal
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