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High-precision Micro-machining using Vibration Cutting
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ABSTRACT

This paper presents 2-dimensional vibration cutting increases dynamic stiffness of tool support and improves
the quality of machined surface in micro-machining. 2-dimensional vibration cutting is generated by two piezo
actuators arranged orthogonally. A sine-type voltage is input to one actuator and a phase-shifted sine-type voltage
is input to the other. Then the vibration device actuates the tool in a 2-D elliptical motion with pulsed cutting
force. It is a characteristic of 2-D vibration cutting that some negative thrust force occurs as the direction of
friction on a tool rake surface is reversed. It helps not only chip flow smoothly and continuously but also cutting
force be reduced. The quality of machined surface by 2-D vibration cutting depends on such parameters as
vibration amplitude, frequency, cutting speed, depth of cut, etc. Compared to conventional cutting through tool
path simulation and experiments under several conditions, the 2-D vibration cutting is verified to bring forth a
great decrease of cutting forces, much better surface roughness and moreover much less burr.
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Fig. 1 2-D Vibration Cutting
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Fig. 2 Schematic Diagram of an Experimental

Apparatus for 2D Vibration Cutting
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Table 1. Stiffness of the Tool Support for Conven-

Kl

tional Cutting and Vibration Cutting :
Unit (N/gm)

Conventional | Vibration

Cutting Cutting
X _axis [Y_axis |X_axis |Y axis

Static Stiffness 1193 (116.74 | 9.06 | 5.77

Dynamic Stiffness | 1.43 4.44|21.10 | 1.53

Table 2. Machining Conditions in 2D Vibration
Cutting

Arc 180°
Arc 90°

Tool Diamond Tool

Workpiece [ Brass(7-3)

Denth of Cut 1,15, 2,3, 4,5
Cutting epth of Cut (&) {m]

051,23, 4

[mm/sec)

Condition Feed Rate )

Vibration Type |Elliptical Vibration
Frequency () | 1k

Amplitude  (A)|5m

Vibration

Condition
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(b) 2D Vibration Cutting
Fig. 3 Measured Cutting Forces;
Principal Force, Thrust Force
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Fig. 8 Comparison of Machined Surfaces
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(b) Vibration Cutting
Fig.9 Comparison of Chips

(a) Conventional Cutting
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