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ABSTRACT

Article history:

Ultrasonic cutting technology that can perform micro-cutting is applied for

Received 10 June 2021 convenience of work to cut out unnecessary parts of a clear aligner during the
Revised 28 June 2021 manufacturing process of transparent devices for orthodontics. Ultrasonic
Accepted 5 July 2021 processing is not limited physically or chemically by the material of the
workpiece because it is a non-thermal, non-chemical, and non-conductive
Keywords: method. Owing to these characteristics, it is suitable for processing brittle
Ultrasonic machining . . . . .
materials such as glass and ceramic regardless of electrical conductivity. An
PETF} ultrasonic cutting system is produced by applying this ultrasonic cutting
Cutting surface technology, and the heights of burrs on the cut surface of PETG sheets are
Burr height included in the experiment. The burr height is measured by setting the cutting
Ultrasonic power speed to 100, 300, 500, 700, and 900 mm/min, and the power to 50, 60, 70, 80,
Cutting speed 90, and 100 %. Then the optimal conditions are derived.
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Fig. 1 Ultrasonic cutting system (3-Axis stage)

Table 1 PETG properties

Property Typical value, units

Specific gravity 1.27

Mold shrinkage 0.002-0.005 mm/mm

Tensile stress @ Yield 28 Mpa (4100 psi)

Tensile stress @ Break 23°C - 33 1]

Impact resistance, energy @ Max.

Load 33 J (24 ft-1bf), 23°C

Deflection temperature 1.82 Mpa (264 psi), 64°C

Diameter 125 mm

Thickness 0.55 mm

Table 2 Experimental specifications

Item Type
X, Y, Z-Axis Ball screw (pitch 10 mm),
robot stage servo motor
Function generation WEF1974, NF Inc.
Output power (W) 300
Ultrasonic unit Frequency (kHz) 375
SD100,
Shindong Ultrasonic Inc.
Angle (°) 75°
Thickness (mm) 0.4
Tool (blade) Material SKH
Spec SONOTEC Inc.,
3136-5H
Motion controller Mach3
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Fig. 2 Cutter mechanism

Table 3 Experimental conditions

Item Type
50, 60, 70, 80, 90, 100

100, 300, 500, 700, 900

Ultrasonic power (%)
Cutting speed (mm/min)
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Fig. 4 Comparison of cutting surface by ultrasonic cutter
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Table 4 Experimental results (Burr height)

Cutting speed

(mmymin) 100 300 500 700 900
326 pm
50 (O) X X X X
298 um
60 (O) X X X X
70 272 ym 270 pm 244 pm o
Ultrasonic ©) ©) ©)
power (%) go 327 mm 247 um 202 pm y
©) ©)  (©)
9 336 um 307 um 299 um 187 pym 136 pm
©) © ©O  ©  ©
100 364 ym 321 ym 310 um 309 pym 222 pm
©) © O ©O ©

¢ 0gt73mm 40

0.8173mm_40X

(b) Ultrasonic power 60%,
cutting speed 100 mm/min

(a) Ultrasonic power 50%,
cutting speed 100 mm/min

Fig. S Chipping on cutting surface

| | 0.8173mm_40X

(a) Ultrasonic power 100%,
cutting speed 100 mm/min

(b) Ultrasonic power 100%,
cutting speed 300 mm/min

Fig. 6 Cutting surface melted by ultrasonic vibration heat
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(e) Cutting speed 900 mm/min
Fig. 7 Ultrasonic power 90%
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Fig. 8 Burr height as a function of cutting speed
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Fig. 9 Buir height as a function of cutting speed (ultrasonic
power 90%)
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