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Chemical-assisted Ultrasonic Machining of Glass
by Using HF Substitute Solution

S. K. Jeon, K. S. Nam, B. H. Kim, H. Y. Kim and B. H. Jeon

Abstract

Ultrasonic machining has been known as one of the conventional machining methods in the glass fabrication processes.
In ultrasonic machining, typically, glass is removed by the impulse energy of the abrasive generated by the ultrasonic
power. However, when the machining feature decrease under hundreds of micrometers, as conventional ultrasonic
machining uses only the impulse energy of the abrasive, the speed of ultrasonic machining decreases significantly and the
surface roughness becomes deteriorated. To overcome this size effect, the chemicals which can erode glasses, such as HF,
XF, etc, are added to the shurry. The chemical-assisted ultrasonic machining method, so called, is another alternating
effective way for micro machining of glasses. In previous work, we used the hydrofluoric acid (HF) as an additive
chemical. But, as the HF solution is too poisonous to be used as a ultrasonic process additive, it is needed to be substituted
by other safe chemicals. As results of the machinability comparison of several chemicals, the GST-500F was selected to
replace the HF. The GST-500F (pH 4.0t 1.0) is non-volatile, odorless. During experimental works, it was shown that the
machining rate increases 1.5 times faster than the conventional ultrasonic machining. The machining load also decreases.
However, the enlargement of the hole diameter and significant tool wear are still the problems to be solved.
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Fig. 1 Removal rate w.r.t chemicals

Table 1 Comparison between HF and GST-500F

MSDS HF GST-500F
Surfactant
Inhibitor
Fluoride salt
C,H,0,
D.I.W

4.0

. Hydrogen
Ingredient .
Fluoride

pH
Evaporation

1.0

108° C 102° C

Point

Harmfulness Poisonousness NEPA: 3,0,0
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Fig. 4 CUSM system

Table 2 Features/Specification of CUSM system

Item Features/Specification, Commet
uUs Output 1450W
BLT type
Horn |processor 28kHz, 10-501 m
Horn Ti, Length: 117mm Step type
Z-axis accuracy 3p m/100mm
X-Yaxis
Sp m/150mm
accuracy

Electronic scale resolution: 0.0001g AND
Safety Fume hood
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Table 3 Experimental conditions

Type USM & CUSM
Tool Size(um) 300 200 100 50
Machini
aemmng 20 10 10
Time(min)
. GC GC GC GC
Abrasive
Sum S5pum 3um 3um
Loading(g) 10 1 0.5 0.1
GST-500F(%) 100 100 100 100
Transfer
10 10 1 1
Speed(pps)
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Fig. 7 Profile of micro hole entrance
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Fig. 9 Machining of glass air pin hole
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