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LFV (Low Frequency Vibration-Cutting) is a new machining technology that uses
numerical control to vibrate the tool in the direction of the cutting feed, and
synchronizes the vibration with the rotation of the spindle to cut. This technology
uses the Numerical Control to apply the vibration and does not require any
additional equipment. LFV achieves flexible and reliable chip breaking, unlike
chipbreakers and high-pressure coolants. In this paper, a chip breaking
mechanism on LFV was elucidated and control guidelines for proper chip
evacuation were presented. Its effects on chip formation and the machined surface
shape were discussed.

The machining principle of LFV was presented, and a formulation using a
developed model and control parameters for chip breakage were presented. LFV
periodically produces a non-cutting time in which the tool leaves from the
workpiece. From the formulated vibration behavior, the chip breaking conditions
and controlled cutting lengths were presented. Chip breaking by LFV was
confirmed in stainless steel, which is known as a difficult-to-cut material. The
processability of the chips The shape of divided chips was evaluated and control
guidelines were presented. It was shown that chips can be broken in LFV, even in
arc and taper machining.

Several experiments were conducted and it was shown that LFV can be expected
to reduce cutting energy. It was found that the non-cutting time caused by LFV
has a cooling effect on the tool edge. It was shown that tool wear was suppressed
in LFV and that coolant could be supplied to a cutting point that had been difficult
to supply.

A simulator to visualize the three-dimensional machined surfaces was
developed. It also can visualize contours created by LFV and can predict surface
roughness and roundness. The verification by the simulator was reflected in the
vibration conditions. It was shown that LFV produces characteristic irregularities
in the contour shape of the workpiece depending on the conditions from the
analysis and the experiments. As an application of this simulator, an improvement
of the roundness by the appropriate vibration conditions was proposed. By this
method, the unevenness in the contour of the workpiece, which is characteristic in
LFV, became vague, and the change in roundness agrees with the predicted trends.
The validity of the developed simulator and a conditions design method for LFV
were presented.




