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Abstract: Ultrasonic machining (USM) is a new method used in metal cutting. This process does not involve heating
or any electrochemical effects, causes low surface damage, has small residual stress, and does not rely on the
conductivity of the workpiece. These characteristics are suitable for the machining of brittle materials such as glass or
ceramics. However, the use of USM for brittle materials generates cracks on the workpiece. Therefore, in this study,
Taguchi’s method was used to optimize the processing conditions of micro holes drilled in glass and ceramics. This
method was used to successfully reduce the number of cracks at the entrance and the exit of the micro holes.
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Fig. 1 (a) Compact 5S00W ultrasonic machine  (b) Principle of ultrasonic machining
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Table 1 Four factors and three levels
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Control factors | Des. | Lev. 1 Lev. 2 Lev. 3
Ultrasonic A 30 50 70
power (%) (11pm) | (14pm) (17pm)

Feed rate B 25 5 10
(pm/s)
Tool length C 7 10 13
(mm)
Wax coating D Top Bottom | Top/Bottom
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Table 2 Experiment conditions

Items Type
. . Frequency (kHz) 20
Ultrasonic unit
Feed rate (um/s) 2.5,5,10
Abrasive material Aluminum Oxide #1000
Material (®) |H 1(1
Circle tool aterial (®) |Hard metal (1 mm)
Length (mm) 7,10, 13
. Soda lime glass (1 T),
Workpiece Alumina ceramics (0.5 T)
Wax thickness 1 mm
2-Glass-Entrance 2-Glass-Exit

S5.8kV X48.8  758em

2-Ceramics-Entrance

15.akV X48.8°

2-Ceramics—Exit

9-CGlass-Exit

9-Glass-Entrance

usH .8 X40.8 758sm s 15.8kV Xd4@.0

9-Ceramics-Entrance 9-Ceramics-Exit |

usm 15.8kV X48.8

(b)

Fig. 2 (a) Best condition in orthogonal arrays (b) Worst
condition in orthogonal arrays
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Table 3 Orthogonal arrays and SN ratio of experimental results
Glass Ceramics
Exp- A B |c D SN
No. Entrance crack (um) |Exit crack (um) | Entrance crack (um) |Exit crack (um) | ratios
1 I [1 |1 |1 31.97 501.50 13.15 591.91 -51.78
2 1 |2 |2 |2 50.30 86.65 32.98 69.62 -36.01
3 1 |3 |3 |3 22.17 174.29 21.63 75.81 -39.67
4 2 |1 |2 |3 19.53 191.06 27.90 105.61 -40.87
5 2 (2 13 |1 31.40 248.10 17.73 208.26 -44.24
6 2 (3 |1 |2 96.78 156.21 19.44 93.25 -40.30
7 301 |3 |2 90.22 121.03 69.28 354.18 -45.83
8 3 02 |1 |3 61.42 97.34 49.86 228.76 -42.31
9 313 12 |1 60.83 471.39 36.85 849.44 -53.75
Table 4 Factors affecting the crack Main Eﬁecéstp:gt for SN ratios
Ultrasonic | Feed rate | Tool length Wax ] Ultasonic power (%) [ Feed rate (um/s)
Level . g .
power (%) | (um/s) (mm) coating boe e !
1 -42.49 -46.16 -44.80 -49.93 450 g
2 -41.80 -40.85 -43.54 -40.71 ?’,E ~47.5 L
3 -47.30 -44.57 -43.25 -40.95 A z T ! 7 1
Delta 5.49 5.30 1.55 9.21 g - Tool length (mm) [ L.
Rank 2 3 4 1 $ s P '
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Table 5 Experiment result with optimal conditions

Glass Ceramics
SN
En. crack | Ex. crack |En. Crack | Ex.crack | patio
(nm) (nm) (nm) (nm)
19.47 28.73 18.62 69.83 -32.06
Main Effects Plot for SN ratios
Data Means
Ultrascnic power (%) Feed rate (um/s)
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Fig. 4 Plot for SN ratios (glass)
Main Effects Plot for SN ratios
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Fig. 5 Plot for SN ratios (ceramics)
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Fig. 6 Micro-hole SEM image with optimal conditions
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