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One Dimensional Oblique Ultrasonic Vibration Assisted Grinding for Rolling Bearing Steels and
Experimental Validation
WANG Yan WANG Shuai LIU Jianguo LI Delin
School of Mechanical Engineering, University of Shanghai for Science and Technology,
Shanghai, 200093

Abstract: Previous studies about one dimensional ultrasonic vibration assisted grinding were lim-
ited to fixed directions of ultrasonic vibration such as one dimensional axial or tangential vibration. A
novel process of oblique ultrasonic vibration assisted grinding was presented. The motion paths of ab-
rasive particles in oblique ultrasonic vibration assisted grinding were simulated in MATLAB. A dy-
namics model of experimental ultrasonic vibration system was established. Experimental devices of
oblique ultrasonic vibration assisted grinding were designed through modal analysis of ultrasonic
workbench. Grinding forces and surface roughnesses in grinding rolling bearing steels were studied at
different directions of ultrasonic vibrations. The regulation of grinding forces and surface roughnesses
with the direction of ultrasonic vibration was studied. Experimental results show that the best surface
quality may be obtained when the angle of ultrasonic vibration is as 67.5° and grinding forces are also
decreased. Results of orthogonal experiments demonstrate that ultrasonic vibration angle of 67.5°,
wheel speed of 20 m/s, workpiece speed of 0.5 m/min, grinding depth of 4 pm are the optimum pa-
rameters to obtain the best surface quality of workpiece, and the speed of workpiece has the most im-
portant impacts on the surface quality of workpiece.

Key words: oblique; ultrasonic vibration assisted grinding; dynamics model; grinding force; sur-

face roughness
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Fig.1 The motion modes of traditional grinding and

ultrasonic vibration assisted grinding
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Fig.2 The motion paths of particle for oblique

ultrasonic vibration grinding and traditional grinding
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Fig.3 Structure of ultrasonic vibration system
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Fig.4 Dynamic model of ultrasonic vibration system
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Fig.5 Modal analysis of ultrasonic vibration workbench
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Fig.6 Experimental system of oblique ultrasonic

vibration assisted grinding
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Tab.4 The result of one dimensional oblique ultrasonic

vibration assisted grinding

BUREKCFE Sy 5 mm, RSS2 3 R HFRAMI) RARAD | PR R
53 TEELLBRER a() F.(N) F.(N) Ra (pm)
0 170.25 45.39 0.2403
Tab.3 The result of traditional grinding 225 140.93 39.08 0.2372
12 1) 5 W Y 1a) 5 W 2 T MRS {H 45.0 137.19 36.01 0.2359
F.(N) F (N Ra (pm) 67.5 120.82 32.87 0.2207
209.46 53.47 0.2585 90.0 141.47 41.26 0.2366
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Fig.8 Variation trend of the grinding force and surface
roughness with the direction of ultrasonic vibration
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Tab.5 The factors and levels table
SES

K| B EIRS | R R ARCSTY S 5 %
a(?) vs(m/s) vy (m/min) a,(pm)

1 22.5 10 0.5 4

2 45.0 15 1.0 6

3 67.5 20 1.5 8
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Tab.6 The result of orthogonal experiment

j | AR | AR | TR | IR | R R B
FUMHE «)| va(m/s) |vw(m/min)| ap(um) | Ra(um)
1 22.5 10 0.5 4 0.2142
2| 225 15 1.0 6 0.2466
3| 225 20 1.5 8 0.2306
4 45.0 10 1.0 8 0.2424
5 45.0 15 1.5 4 0.2158
6 45.0 20 0.5 6 0.1945
7] 675 10 1.5 6 0.2344
8| 67.5 15 0.5 8 0.2060
9| 675 20 1.0 1 0.2287
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