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A Study on the Evaluation of Stability for Chatter Vibration
by Micro Positioning Control in Turning Process
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Abstract |

1

criterion for regenerative chatter vibration.

In order to evaluate the stability of chatter vibration in turning process, the micro-positioning cutting test with artificial
tool vibration by piezoelectric actuation were carried out. In experiment, the phase lags between cutting forces and chip
thickness variations were measured, and the dimensionless penetration-rate coefficient( &*) which is the most important
parameter on the stability for chatter vibration was calculated. The results show that K™ can be applicable to the stability
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59 2942 e A5 (chatter vibrationy& YLo7|w,
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Z}Eﬁ A8 A F(self-excited vibration) 2.2 FE2& £ 9Jt}.
29| 71 A7MENA Wt AHAEL TR w2
azﬁ, A A A% Y FAL A AL 22
HgA AE WESE A o]2 PR3] Y3 ATol
of, oo} it ATE 2HEG Ao gt~
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thee FFA S 3t &0 E(velocity principle)S HE
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o] Z(phase lag theory), Tobias™2| A €] o] E(regene-
rative chatter theory), Tlusty™9] mZ 722 o] Z(mode
coupling theory) S0 BIEE]] 0., o] 7}2-5 Tobias”
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kA, 2 AtAe AEAFY A AT}, oA
A A Y (micro-poistioning cutting test)& %3}o] Tobias
% Doi & Katod] 0]£& A8A02 FY5hz, £A4 2
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Fig. 1 Chip-thickness variation and cutting force
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Fig. 2 Schematic diagram of experimental system

Table 1. Experimental cutting conditions

Chatter | Width | Spindle | Penetra-
Ex. Tool .
No. feature frequency | of cut | speed | tion rate
(Hz) | (mm) (rpm) | (mmvrev)
fresh tool 95
# a=0°
= 30° 135
worn tool 101'12 190 0,077
#2 a= (° Amplitude;| 1mm
p= 30° 80um 235 | mmfrev
fresh tool 470
#3 a= 10°
B=30° 640

(where, a: rake angle, B: clearance angle)

ZH(PI-controller: 100Volts, 90pm)S Yo7|= ALR}
H3l7)(piezo-electric translator, PZT)E Auke] F1d) 9
of Y BASAKFig. 2). EI, PZTY w0
(micro-positioning control, 80gm)°f 2J3) WA H w2
W] va §ABAe], & A9 Wl B Bt
8o W= FE F¥A(tool dynamometer, Kistler
9257B)YE E35t9 A&3te A9, dZt(encoder, 100
pulse/rev)E AME-Ste] T8 o] g Haky 55
A/D Hgst, o|F HFH| AFste] dolg AelE st
qch. w3, A4 WARTE TLE7H18-4-1 HSS)S
AHEEEIL, FAES ALT075 A FEE AL
7, Table 1o] Yetdll AEzAoR 234 ABchddA
(overlap factor=1)2 A A]s}gich
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Fig. 3 A measured example of the variations cutting force
response and PZT controlling commands
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Fig. 4 Schematic diagram of regenerative chatter
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Fig. 5 Variations of phase lag with respect to spindle speed
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Fig. 6 Variations of phase lag with respect to spindle speed
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Fig. 7 Variations of phase lag with respect to spindle speed
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Fig. 8 Variations of dimensionless penetration-rate
coefficient( K*) with respect to spindle speed
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Fig. 9 Cutting force as function of penetration rate
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