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The Geometric Machining Mechanism of Ultrasonic Drilling
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ABSTRACT

With the acceleration of the miniaturization of products, especially in recent years, machining technologies for these
products is in need of improvement. Conventional technologies have limitations in realizing the miniaturization due to
the downsizing effects of the tools, which lack sufficient cutting stiffness during machining. The application of
ultrasonic vibration is one of the most useful solutions in dealing with the problem. This study focused on the difference
of ultrasonic drilling from conventional one in geometrical machining mechanism and the corresponding machining
results. In detailed, some mathematical equations for drill cutting edge paths during drilling were extracted and new
method to find uncut chip thickness from above equations was suggested. The experiments were carried out through the
comparison between the results (disposed chips and internal surface states of holes) of conventional drilling and those of
ultrasonic drilling. It was determined that the geometrical paths of cutting edges and analyzed uncut chip thickness agree
with the appearance of disposed chips. Furthermore, the change in tool path by ultrasonic vibration resulted in the

improvement of surface statement.
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Table 1 Experimental Condition (Copper & Al 6061)

Material Copper Al 6061
Drill Size
(diameter) 0.3 mm 1.0mm
Rotational
Speed 30,000 rpm
Step length 30 200
{pm)
Feed (mm/min) 30, 40, 50 100
Amplitude Conventional(0), 0.5, 1.0, 1.5, 2.0
(pm)
Frequency
(kHz) 20
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Fig. 9 Uncut chip thickness and disposed chips
according to ultrasonic vibration amplitude
(feed : 30mm/min, frequency : 20kHz,
rotational speed : 30,000rpm)
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rotational speed : 30,000rpm)
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Fig. 11 The paths of A, B and the internal surface
(workpiece : Copper feed: 40mav/min
frequency : 20kHz, amplitude : 1.5pum
rotational speed : 30,000rpm)
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