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Characteristics of Chemical-assisted Ultrasonic Machining of Glass
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Abstract

Ultrasonic Machining process is an efficient and economical means of precision machining on glass
and ceramic materials. However, the mechanics of the process with respect to crack initiation and
propagation, and stress development in the ceramic workpiece subsurface are still not well understood.
In this research, we investigate the basic mechanism of chemical assisted ultrasonic machining(CUSM)
of glass through the experimental approach. For the purpose of this study, we designed and fabricated
the desktop micro ultrasonic machine. The feed is controlled precisely by using the constant load
control system. During the machining experiment, the effects of HF(hydrofluoric acid) characteristics
and machining condition on the surface roughness and the material removal rate are measured and
compared.
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Fig. 2 Silicon dioxide HF etch rate
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Fig. 3 USM and CUSM machining mechanism
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Table 1. Features/Specification of USM

Item Features/Specification Comment
us Output 1450W
BLT type
Horn| processor 28kHz, 10-50 pm
Horn Ti, Length: 117mm Step type
Power supply 220V, 60Hz
Z-axis servo ACservo motor, 100W
Z-axis
3 1 m/100mm HKS
accuracy
Electronic .
resolution: 0.0001g AND
scale
. . 50mmx*50mm
Dimension lead screw
250%x310x455mm
Safety Fume hood
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Fig. 5 Flow chart of load monitoring system
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Table 2 Experimental conditions

Abrasive WA #600(20 p m), #2500(5 1 m)
1.5mm (20 pm)
Tool dia 300 pm (5pm)

200 um (5 pm)
100 pm (5pm)

48wt% 1 48wt% : 4 wt %
( water : HF )
Slides glasses (1mm)

(Abrasive size)

Slurry .
abrasive :

Workpiece

S5l A3elE F4s
5]

AAke] A7)el wEkA] 0.5-2.5 um/s® )53}

Awt% g =2 A
Hood ¢tell A A& 3tgltt. Fig. 62

.

(a) USM-1.5mm  (b) CUSM-1.5Smm

(¢) USM-300um (d) CUSM-300 1 m

(e) USM-200um  (f) CUSM-200 1 m

(g) USM-100pm (h) CUSM-100 g m
Fig. 6 Hole pictures of USM and CUSM
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USM-1.5mm-550p
Fig. 7 SEM picture of USM and CUSM

CUSM-1.5mm-950p
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Fig. 8 Comparison Data of USM and CUSM
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(a) USM-300 1 m

(¢) USM-200 1 m
(6) USM-100pm  (f) CUSM-100 1 m

Fig. 9 The glass entrance pictures of optical

(b) CUSM-300 1 m

(d) CUSM-200 1 m

microscope
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