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Basic study on chatter vibration suppression by real-time adaptive chatter avoidance based on semi-discretization method
Takaki Shimoda™, Hiroshi Fujimoto (The University of Tokyo)

Abstract

Chatter vibration is known as undesirable phenomenon in cutting process, which consists of both self-excited and

forced chatter. In previous researches, out-of-process chatter analysis and in-process self-excited chatter suppression

were studied. However, the former was subject to model mismatches, and the latter couldn’t be applied to forced

chatter. This paper proposes automatic spindle speed selection to suppress self-excited and forced chatter using a

semi-discretization model and an adaptive filter. Then proposed method is evaluated by simulations and experiments.
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Mg(t) + Cq(t) + Kq(t) = Fe(t)---vooevvvnn )

where
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F(t) = ap K1 (t)(—q(t) + q(t — 7(1)) + ho(t)) - (3)
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Fig.1. 2DOF milling.
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Fig.2. Estimation and avoidance of self-excited chatter.
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Table 1. Simulation and experimental parameters.
bG)Oooooooooo

@Uboooooono (b)Adaptive filter’s param-

(a)Mechanical paramters. eters.
Symbol Symbol
M 0.40 I [kg] ts 125 [ps]
C 0.012 I [Ns/m] Ny 2
K 32.5 I [MN/m] R, 107161
Ky 0.980 [GPa] Ry 0.3
K 0.294 [GPa] P 0] 1074r1
q 4 o | 121 [m?/s2]
Axial depth of cut ap, 1.5 [mm] e 2
Radial depth of cut 7 [mm] B 1
Diameter of tool 12 [mm)]
Stage feed velocity 0.5 [mm/s]
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Table 2. RMS value(RMS) and maximum value of frequency

component(max FFT) of y-axis acceleration in simulations and

experiments.

Condition Simulation | Experiment
RMS const. | 63.1km/s? | 11.5 m/s?
RMS conv. 275 m/is? | 5.29 m/s?
RMS prop. 1.60 m/s? | 3.89 m/s?

max FFT const. | 34.8 km/s? | 3.83 m/s2
max FFT conv. | 0.252 m/s? | 0.693 m/s?
max FFT prop. | 0.234 m/s2 | 0.500 m/s?
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