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Rotary Ultrasonic Assisted Machining of Ceramic Billet
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Abstract: Ceramic billet was milling by means of high speed rotation of diamond tool head and ultrasonic assisted axial
vibration. Four important technological parameters in the processing process (whether there is ultrasonic machining, spindle
speed, feed speed and ceramic billet with different primary firing temperature) were taken as experimental factors, while the
axial cutting force was taken as evaluation index. The equal level orthogonal test scheme was adopted. The influence law of
each machining parameter on the machining quality of ceramic billet was studied, in order to obtain the optimal combination
of rotating ultrasonic machining parameters of ceramic billet. It is found that the feed speed and ultrasonic machining have the
greatest influence on the axial cutting force, while the firing temperature of ceramic blank and spindle speed have only very
weak influence on the axial cutting force. Under the rotating ultrasonic machining conditions of spindle speed of 1600 r-min ",
feed speed of 40 mm-min~' and primary burning temperature of 600 °C, the axial cutting force is minimum, the surface is
finest and the machining effect is highest.
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Tab. 1 Composition of the ceramic body (wt.%)
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Fig. 1 Physical drawing of the rotary ultrasonic machine tool
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Tab. 2 Drilling orthogonal test of each factor level

Factor A (Ultrasonic Factor B (Firing temperature of Factor C (Spindle speed) Factor D (Feed rate)
Level . . o gt -1
machining) ceramic blank)/°C /(r'min ) /(mm-min )
1 Yes 600 800 40
2 No 700 1000 50
3 Yes 800 1200 60
4 No 900 1400 70
5 Yes 600 1600 80
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Tab. 3 Drilling orthogonal test of each factor level

Testnumber A B C D  Axial cutting force/N
1 1 1 1 1 17.27
2 1 2 2 2 31.37
3 1 3 3 3 39.33
4 1 4 4 4 47.72
5 1 1 5 5 39.59
6 2 1 2 3 50.67
7 2 2 3 4 67.49
8 2 3 4 5 69.52
9 2 4 5 1 36.38
10 2 1 1 2 37.79
11 1 1 3 5 47.32
12 1 2 4 1 16.85
13 1 3 5 2 26.37
14 1 4 1 3 44.79
15 1 1 2 4 39.82
16 2 1 4 2 35.61
17 2 2 5 3 42.63
18 2 3 1 4 57.26
19 2 4 2 5 84.83

20 2 1 3 1 34.27
21 1 1 5 4 36.19
22 1 2 1 5 39.14
23 1 3 2 1 28.38
24 1 4 3 2 41.38
25 1 1 4 3 26.79
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Tab. 4 Range analysis table of axial cutting force

Ultrasonic processing  Firing temperature of ceramic blank/°C  Spindle speed/(r-min ") Feed rate/(mm-min ")
Sum 1 52231 365.32 196.25 133.15
Sum 2 516.45 197.48 235.07 172.52
Sum 3 — 220.86 229.79 204.21
Sum 4 — 255.10 196.49 248.48
Sum 5 — — 181.16 280.40
Average | 34.82 36.53 39.25 26.63
Average 2 51.65 39.50 47.01 34.50
Average 3 — 44.17 45.96 40.84
Average 4 — 51.02 39.30 49.70
Average 5 — — 36.23 56.08
Range 16.82 14.49 10.78 29.45

Feed rate

Ultrasonic Ceramic materials Spindle
processing  with different speed
or not sintering
temperatures
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Fig. 2 Influence degree of each factor on axial cutting force
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Fig. 4 Relationship between spindle speed and axial cutting force
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Fig. 5 Relationship between feed speed and axial cutting force
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diagram of rotary ultrasonic machining
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