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Effects of the Ultrasonic Vibration on Dimensional Accuracy in Micro Milling

Shen Xuehui'”’ Dong Chunjiel
(1. College of Mechanical Engineering, Shandong University, Ji'nan 250061, China

2. College of Mechanical Engineering, Shandong Institute of Light Industry, Ji'nan 250353, China)

Zhang Jianhua' Xing Dongliangl

Abstract

The purpose is to investigate the effects of the ultrasonic vibration on dimensional accuracy in micro
milling process. Several slot-milling experiments were conducted with aluminium alloy as the workpiece
material. The desired vibration was proposed from the workpiece side by an ultrasonic vibrator. The width
of slot produced by end milling was precisely measured. A one-factor experiment was conducted at first to
analyze the variation of slot width before and after ultrasonic vibration was applied, and the experimental
results indicated that ultrasonic vibration made contribution to the decrease of size deviation and larger
amplitude tends to reduce the slot width oversize. A full-factor experiment was carried out accordingly

based on Taguchi method to optimize the parameters involving spindle speed, feed per tooth and vibrating

amplitude.
Key words  Ultrasonic vibration, Micro-machining, Milling, Dimensional accuracy, Taguchi
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Fig. 1 Experimental setup
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Fig.2 Diagram of slot-milling process
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Fig.3 Variation of slot width vs amplitude
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Fig.4 Trajectories of tool tips
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Fig. 6  Variation of cutting force vs amplitude
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Tab.1 Factors and levels
R
K
A/r+min ! B/M,m'z_l C/pm

1 5000 2 4
2 9 000 4 7
3 13 000 6 10
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Tab.2 Experimental results and the corresponding

S/N ratio
s HZE4 S WEE/mm ff2%/mm  S/N/dB
1 A,B,C, 2.013 0.013 3.772
2 A,B,C, 2.008 0.008 4.194
3 A,B,C, 2.007 0. 007 4.310
4 A, B, C, 2.014 0.014 3.708
5 A,B,C, 2.010 0.010 4.000
6 A,B,C, 2.010 0.010 4.000
7 AsB, C, 2.019 0.019 3.442
8 A,B,C, 2.011 0.011 3.917
9 A4B, C, 2.011 0.011 3.917
10 A,B,C, 2.009 0. 009 4.092
11 A, B, C, 2.005 0. 005 4.602
12 A, B C, 2.013 0.013 3.772
13 A,B,C, 2.011 0.011 3.917
14 A,B,C, 2.008 0.008 4.194
15 A,B,C, 2.018 0.018 3.489
16 AsB, C, 2.013 0.013 3.772
17 AyB,Cy 2.008 0.008 4.194
18 A3 B, C, 2.020 0. 020 3.398
19 A,B,C, 2.006 0. 006 4. 444
20 A,B,C, 2.011 0.011 3.917
21 A,B,C, 2.010 0.010 4.000
22 A,B,Cy 2.009 0. 009 4.092
23 A,B,C, 2.015 0.015 3.648
24 A,B,C, 2.011 0.011 3.917
25 A3B, C; 2.009 0. 009 4.092
26 A5B,C, 2.018 0.018 3.489
27 A3B,C, 2.013 0.013 3.772
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Tab.3 Response table for mean S/N ratio dB
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1 2 3
A 4.122 3.885 3.777 0.345
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