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Fig. 1 Double bending vibration rotary

ultrasonic machining
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Table 1 Machining parameters under ordinary grinding
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Fig. 2 Machining experiment platform
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Table 3 Machining parameters under two-dimensional
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AT / (mmmin™')  WZJ]H /mm

rotary ultrasonic elliptical machining

1 2000 120 0.02 o et/ LG / W21k / Pl /
ﬁ*? -l R
(rmin™") (mm-min™") mm um
2 4000 120 0.02
17 2000 120 0.02 5
3 6000 120 0.02
18 4000 120 0.02 5
4 4000 160 0.02
19 6000 120 0.02 5
5 4000 180 0.02
20 4000 160 0.02 5
6 4000 120 0.01 21 4000 180 0.02 5
’ 4000 120 0.03 2 4000 120 0.01 5
23 4000 120 0.03 5
Table 2 Machining parameters under one-dimensional 25 4000 120 0.01 7

rotary ultrasonic machining
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Fig.3 Cutting forces at different rotational speeds
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Fig. 5 Cutting forces at different feed rates
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Fig. 7 Surface roughness at different rotational speeds
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Fig. 8 Surface roughness at different cutting depths
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Fig. 9 Surface roughness at different feed rates
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Fig. 11 Actual cutting forces in ordinary grinding and ultrasonic machining
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Fig. 12 Surface roughness of ordinary grinding and ultrasonic machining
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Experimental Study on the Process of Double Bending Vibration Rotary Ultrasonic
Machining of Al,O,

HONG Jun', WU Jiping', JU Jianzhong’, LONG Zhili’

(1. School of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. School of Intelligence Science and Engineering, Harbin Institute of Technology (Shenzhen),
Shenzhen Guangdong 518055, China )

Abstract: Al,O; is widely applied in various industrial fields owing to its excellent physical, chemical and
mechanical properties. However, its high hardness, pronounced brittleness, strong wear resistance and low thermal
conductivity make it extremely difficult to machine. Rotary ultrasonic machining (RUM) has emerged as an effective
technique for machining hard and brittle materials because of its ability to significantly reduce cutting force, improve
surface finish and extend tool life. Based on an independently developed double-bending vibration rotary ultrasonic
elliptical machining system, experiments were conducted on conventional grinding as well as one-dimensional and
two-dimensional ultrasonic vibration-assisted grinding of Al,O;. The effects of process parameters on machining
performance under different machining modes were systematically investigated, and the variation trends of maximum
cutting force and surface roughness were quantitatively analyzed. Compared with conventional machining, rotary
ultrasonic machining significantly reduces both cutting force and surface roughness, while two-dimensional rotary
ultrasonic elliptical machining exhibits superior machining performance over its one-dimensional counterpart.
These results not only confirm the significant advantages of double-bending vibration rotary ultrasonic machining in
processing Al,O;, but also provide an important experimental foundation and theoretical guidance for extending the
application of this technology in precision machining.

Keywords: rotary ultrasonic machining; Al,O,; cutting force; surface roughness
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