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ABSTRACT

Quartz (SiO2) has high abrasion and heat resistances and excellent chemical and mechanical properties; therefore, it
is used in various industries, such as machinery, chemistry, optics, and medicine. Quartz is a high-hardness and brittle
material and is classified as the topmost difficult-to-cut material, which is because of the cracking or chipping at the
edge during processing. Corner wear, such as cracks and chippings that occur during cutting, is a major cause for the
deterioration in the machining quality. Therefore, many researchers are investigating various techniques to process
quartz effectively. However, owing to the mechanical properties of quartz, most studies have been conducted on
grinding, micromachining, and microdrilling, Few studies have been conducted on quartz processing. The purpose of
this study was to analyze the machining characteristics according to the machining factors during the slot machining of
quartz using a cubic boron nitride (CBN) tool and to select the optimal machining conditions using the Taguchi
method. The machining experiment was performed considering three process variables: the spindle speed, feed rate, and
depth of cut. The cutting force and surface roughness were analyzed according to the processing conditions.
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Table 1 Machining condition
Level
Code
1 2 3
Spindle speed
(RPM) S 8,000 10,000 12,000
Feed rate
(mm/min) F 10 15 20
Depth of cut D 0.15 0.20 025
(mm)

Table 2 Orthogonal amray table (coded)

Experimental Matrix Condition

No. s F D
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2
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Table 3 Orthogonal aray table (uncoded)

o] T e Pt o e [ s

[rpm] [mm] | [N] | (Ra) [um]
1 8,000 10 0.15 9.396 0.599
2 8,000 15 0.20 11.16 0.712
3 8,000 20 0.25 13.202 0.434
4 10,000 10 0.20 8.005 0.499
5 10,000 15 0.25 11.521 0.621
6 10,000 20 0.15 8.369 0.513
7 12,000 10 0.25 5.109 0.721
8 12,000 15 0.15 4339 0.398
9 12,000 20 0.20 7.662 0.523

] Machining zone

Machining zone

Machining zone

Fig. 2 The machining surface of Quartz
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Fig. 3 Main effects plot for the S/N ratio of cutting force
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Table 4 ANOVA table for the cutting force

Factors Degree of|Sum of F-value |P-value Controibution
freedom | squares (%)

Spindle 2 47539 | 111.90 | 0.004 | 69.58
speed

Feed rate| 2 0.166 | 039 | 0005 | 024

Delétufi of 5 20192 | 4753 | 0.002 | 2955
Error 2 0.425 - - 0.62
Total 8 68.322 ; ; 100.00

Table 5 ANOVA table for the Surface roughness

Degree of|Sum of Contribution

Factors F-value |P-value

freedom | squares (%)
Spindle |5 100559 324 | 0005 | 539
speed
Feed rate 2 |0059256| 3439 | 0.002 | 57.17
Depth off 5 Joozmo72| 2152 | 0.004 | 3577
Error 2 o023 - - 1.66
Total 8 lo10362| - - 100.00

Table 6 Response optimization

Response Goal Target | Upper |Weight| Importance
Cutting .
force Minimum | 4.339 | 13.202 1 1
Surface | \rinimum | 0398 | 0721 | 1 1
roughness

F-=14.11—-0.0013875+0.2241F+25.76D )

R, =0.641—0.0000095—0.01163F+0.887D

i7)M, Foe AAEe Yeila RE #9AF
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Table 7 Machining conditions for verification experiments

o | et | ot | Dot
1 12,000 20 0.15
2 8,000 15 0.20
3 10,000 10 0.20
4 12,000 10 0.25
5 12,000 15 0.15
Table 8 Predicted and measured values of the
verification experiments
Predicted Experimental
No.| Cutting |  Suface | Cutting |  Surface
force [N] |roughness [um]|force [N]|roughness [pum]
1| 5812 0.433 5.884 0.412
2 | 11.527 0.572 12.14 0.611
3| 7.633 0.612 7.891 0.575
4| 6.147 0.638 5.536 0.645
5| 4.692 0.492 4.588 0.457

=8 Prediction

-+ @--Experiment

Cutting force [N]

1 2 3 4 5
Exp. No.

Fig. 5 Comparison of the result of the prediction
equation and verification experiments for the
cutting force

= Prediction

-+ ®--Experiment

Surface roughness [jum]
o

Exp. No.
Fig. 6 Comparison of the result of the prediction equation
and verification experiments for the surface
roughness
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