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Vibration Prediction in Mill Process by Using Neural Network

Sin-Young Lee *

jl Abstract }

vibration during end-milling was simulated.

In order to predict vibration during end-milling process, the cutting dynamics was modelled by using neural network,
and combined with structural dynamics by considering dynamic cutting states. Specific cutting constants of the cutting
dynamics model were obtained by averaging cutting forces and tool diameter, cutting speed, feed, axial depth, radial depth
were considered as machining factors. Cutting forces by test and by neural network simulation were compared and the
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Table 1 Modal parameters of machining center

. Equivalent | Equivalent
Equivalent . .
mass (kg) damping stiffness
(kg/s) (N/m)
x-direction 91.8 14700 8.22E08
y-direction 28.3 10080 2.62E08
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Fig. 1 Diagram of neural network architecture
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Table 2 Cutting conditions for tests

End mill ¢ 16 $20
No. of flutes 2 2
Radial depth of cut (mm) 2,4,6,8 10
Axial depth of cut (mm) 12, 20
Feed rate (mm/min) 85, 120 67, 85
spindle speed (R. P. M) | 600, 900 480, 600
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Fig. 2 Schematic diagram of the cutting tests

Table 3 Average cutting forces samples for each test

Tool | Radial | Axial Feed B| Ry
dia. depth | depth | RPM ,

(o) | (o) | () S IR
16 2 20 | 600 | 85 | 2942 | 4094
16 6 20 | 600 | 85 | 455.8 | 1123.
16 | 10 | 20 | 600 | 85 | 1174 | 1897.
16 4 20 | 900 | 85 | 3256|6115
16 8 20 | 900 | 85 |2047 ] 1272.
16 4 20 | 600 | 120 | 5769 | 1035.
16 8 20 | 600 | 120 |406.5 | 2139.
16 4 20 | 900 | 120 | 3769 | 539.3
16 8 20 | 900 | 120 | 254.1 | 1369.
20 4 12 | 480 | 67 [389.8] 5425
20 2 12 | 600 | 67 [210112189
20 8 12 | 600 | 67 |2622] 1061.
20 6 12 | 480 | 85 | 4805 [ 1221.
20 2 12 | 600 | 8 |[1683]199.1
20 4 20 | 480 | 67 | 5574 | 8844
20 4 20 | 600 | 67 | 42028596
20 | 10 | 20 | 600 | 67 | 1658|2413,
20 8 20 | 600 | 85 | 542.9 | 2998.
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. 3 Measured cutting force in end milling
experiment
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Fig. 4 Simulated cutting force for the test given
in Fig. 3
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Fig. 5 Measured cutting force in end milling

experiment
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Fig. 6 Simulated cutting force for the milling
test given in Fig. 5
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(b) Normal to feed direction
Fig. 7 Dynamic displacement prediction of a

vertical machining center

6.8 &

wAGAE By 3RS BASYY F2EELY 4
S FAo) Wt 9y 3R 24 % AF A4S A3
37 Qietel P2 $E4L BE 4 oo FAAL,
AAE4e BAAYoRYY QoA Y 2d9 ¥EA
2 A% dolH2eH AZHZYS 0|42 ] dato]
Faiglch Az dstel T8 B4 4o ot
Aol MT B AAYE Ao dstel T8 HF A4
23 A ANt FREENT B4 FE4E 5
WA ol olstel 23 stel B4 39 AFE A
et

it

128

Ho

(1) Altintas, Y. and Ghan, Philip K., 1992, "In
Process Detection and Suppression of Chatter in
Milling", Int. J. Machine Tool Des. Res., Vol. 3 pp.
329~347.

(2) Minis, I., Yanushevsky, R. and Tembo, A,
1990, "Analysis of Linear and Nonlinear Chatter in
Milling", Annals of the CIRP, vol. 39, pp. 459 ~462.

(3) Tamng, Y. S., Cheng, C. 1. and Kao, J. Y., 1995,
"Modeling of Three-Dimensional ~ Numerically
Controlled End Milling Operations", Int. J. Machine
Tool Des. Res., Vol. 35, pp. 939~950.

(4) Smith, S. and Tlusty, J., 1993, "Efficient
Simulation Programs for Chatter in Milling", 4nnals
of the CIRP, vol. 42, pp. 463 ~466.

(5) Rumelhart, D. E., Hinton, G. E. and Williams,
R. J, 1986, "Learning Representations by
Back-propagating Errors”, Nature, Vol. 323, pp. 53
3~536.

(6) Murata, J., Fujii, H., Ikeda, K., Hirasawa, K.
and Sagara, S., 1995, "A Structure Design method for
Multilayer Neural Networks Based on Redundancy
Test", Trans. of SICE(Japan), Vol. 31, No. 2, pp. 23
6~243.

(7) Shiotsuka, T., Ohta, K. Yoshida, K. and
Nagamatsu, A., 1993, "Identification and Control of
Four-Wheel-Steering Car by Neural Network", Trans.
JSME(Japan), Vol. 59(C), pp. 708~713.

(8) Lee, S. Y. and Jeong, H. S., 1996, "Vibration
Control of Moving Structures by Neural Network", J.
of KSPE., Vol. 13, No. 9, pp. 138~148.

- 277 -



