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Vibration Experiment and Stability Prediction of a Universal Machining Center

Sin-Young Lee*, Jong-Won Kim

Jl Abstract JL

There have been many researches on machine too! vibration and chatter to obtain assessment procedure and more productivity.
In this paper chatter limit is predicted on a universal machining center which used a parallel mechanism. The prediction
method uses the combination of structural dynamic characteristics and cutting dynamics. So the dynamic characieristics
were obtained by vibration experiments. We showed the unstable cutting conditions, and from them we could plot the

unstable borderlines.
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Fig. 1 An universal machining center
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(b) Displacement meter
Fig. 2 Workpiece, tool and sensor in experiment

- 220 -



Fig.

Fig. 3 Mode shapes of the tool spindle plate
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(b) Mode shape at 87.3 Hz
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Fig. 5 A block diagram for the chatter loop
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Table 1 Cutting conditions in simulation

Item Unit Values

Spindle speed m/min 50 ~ 150

Feedrate mm/rev | 0.1, 0.2, 0.4

Depth of cut mm 0.1 ~ 4.0

Nose radius mm 04, 038
Side cutting edge angle degree 45
End cutting edge angle degree 45
Side rake angle degree 0
Back rake angle degree -7
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Fig. 10 Unstable borderline for nose radius 0.4 mm,
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Fig. 11 Unstable borderline for nose radius 0.4 mm,

80 80 100 120
Cutting speed (m/min)

feed 0.4 mm/rev

140

Habzlols Fbuth PRt Fugd] gzsnz
BASES} 2718 AL PB4l chgsith Figures
6~120] Zoi%l ZWE 2w of N AFHolHoRR
g A8 L w5 pAYAEs OE 2E 34
Aok ol %ol thed 7Hgel 2 AH4E 4 Uk

5.4 E

Fold Hatzzo] Jste] o] A o Wateo]
Asta o] AR e FAET T WA o] M 23t
B2, 34749 AH 45 2T aFde
2| ofste] Bt & =2olAs AP W
o st THsF HAPJAE S F2EHTE ZARIAL,
o] ZAne} BT AR st AAHY 5= B7t
Solch. EQAE 42AE P 2 AALE &
=it AR AlEoldez e AEA Add
s E HAGAET OE B 3A7AS 2] B9 ts
E R I = I o ST

rek

o2

i

(1) Weck, M., and Teipel, K., 1978, "Assessing the
Chatter Behavior of Machine Tools," Annals of the
CIRP, Vol. 27, pp. 333~338.

(2) Nigm, M. M, 1981, "A Method for the
Analysis of Machine-Tool Chatter," Int. J. Machine
Tool Des. & Res., Vol. 21, pp. 251 ~261.

(3) Rahman, M. and Ito, Y., 1981, "Some
Necessary  Considerations for the Dynamic
Performance Test proposed by the MTIRA," Int. J.
Machine Tool Des. & Res., Vol. 21, pp. 1~10.

(4) Moriwaki, T., and Iwata, K., 1976, "In-Process
Analysis of Machine Tool Structure Dynamics and
Prediction of Machining Chatter," J. of Engg. for
Ind., Trans. ASME, pp. 301~305.

(5) Sata, T., Inamura, T., and Matsushima, K.,
1975, “Analysis of Three Dimensional Cutting
Dynamics," J. of Faculty of Engineering, Univ. of
Tokyo(B), Vol. 33, pp. 31 ~43.

- 223 -



(6) Usui, E., 1971, Cutting - Grinding Theory (in
Japanese), Kyoritsu Publishing Co., Tokyo.

(7) Doi, S., and Kato, S., 1956, "Chatter Vibration
of Lathe Tools," Trans. ASME, Vol. 78, pp. 1127~
1134.

(8) Merrit, H.E., 1965, "Theory of Self-Excited
Machine-Tool Chatter,” J. of Engg. for Ind., Trans.
ASME, Vol. 87, pp. 447~454.

(9) Ssengonzi, J.B., Lee, J. M., and Yum, Y. H,
1982, "A Study on the prediction of the Limiting
Depth of Cut in Dynamic Cutting of a Tapered
Workpiece," Trans. KSME, Vol. 6, pp. 271 ~281.

(10) Ewins, D. J., 1984, Modal Testing: Theory and
Practice, Research Studies press.

(11) Nagamatsu, A., 1993, Introduction to Modal
Analysis (in Japanese), Corona Co., Tokyo.

(12) McConnell, K. G., 1996, Notes on Vibration
Frequency Analysis, Society for Experimental
mechanics.

(13) Blake, M. P, and Mitchell, W. S., 1972,
Vibration and Acoustic Measurement Handbook,
Spartan Books, New York.

(14) Amold, R. N., 1946, "The Mechanism of Tool
Vibration in Cutting of Steel," Proc. Inst. Mech.
Engg., London, Vol. 154, pp. 261 ~284.

- 224



