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In-Process Chatter Detection Using Multiple Sensors in Turning
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Abstract

In this paper, in-process chatter detection methodology which utilizes nondimensional charac-
teristic variables is introduced. To obtain the nondimensional chatter detection indexes which are
constant regardless of the cutting conditions during machining with the same tool and workpiece
material, both the cutting forces and accelerations are measured and processed in time and
frequency domain. The indexes are calculated from the present and past value of the acceleration
and cutting force signals in time and frequency domain. The chatter is identified when these
chatter detection indexes are bigger than the threshold which is decided by preliminary experi-
ments. The experiment shows that these indexes works very well for in-process chatter detection.
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Fig. 3 Acceleration signal in time domain during
development of chatter
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ing development of chatter
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Table 1 Cutting conditions for inducing chatter

Cutti
Feed rate | Cutting speed uting
depth
Expeniment 1 £0->200
Feed rate . 80m/min |1.5mm
mm/ min
decrease

Expeniment 2

Cutting speed | 120 mm/min |80->50 m/minj 1.5 mm

increase
Expeniment 3 -2
Cutting depth | 120 mm/min 65 m/min o

decrease
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Fig. 8 (a,b) Variation of cutting force and acceleration signals in time and frequency domain

during chatter development (feed rate 40- > 200K mm/min., cutting speed 80 m/min.,, depth
of cut 1.5 mm)
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(c) Variation of time domain nondimensional characteristic variables
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Fig. 8 (c,d) Variation of ratios of cutting force and acceleration signals in time and frequency

domain during chatter development (feed Rate 40->200 mm/min., cutting speed 80 m/min.,
depth of cut 1.5 mm)
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——average ---peak
(b) Variation of frequency domain power signal

Fig. 9 (a,b) Variation of cutting force and acceleration signals in time and frequency domain
during chatter development (feed rate 120mm/min, cutting speed 80->50 m/min., depth
of cut 1.5 mm)
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(c) Variation of time domain nondimensional characteristic variables
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(d) Variation of frequency domomin nondimensional characteristic variables
Fig. 9 (c,d) Variation of ratios of cutting force and acceleration signals in time and frequency
domain during chatter development (feed rate 120 mm/min., cutting speed 80->50 m/min.,

depth of cut 1.5 mm)
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Fig. 10 (a,b) Variation of cutting fored and acceleration signals in time and frequency domain
during chatter development (feed rate 120 mm/min., cutting speed 65 m/min., depth of

cut 1->2 mm)
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(¢) Variation of time domain nondimensional characteristic variables
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(d) Variation of frequency domomin nondimensional characteristic variables

Fig. 10 (c,d) Variation of ratios of cutting force and acceleration signals in time and frequency
domain during chatter development (Feed rate 120 mm/min., cutting speed 65 m/min., depth

of cut 1->2 mm)
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Combine nondimensional characteristic variables
FRT = RfO*RI1*Rf2
ART = Ra0*Ral*Ra2
FRF = Rpf0/3 * log(RpfI*Rpf2*Rpf3 + 10)
ARF = Rpa0/3 * log(Rpal*Rpa2*Rpa3 + 10)
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CHATTER IS
DEVELOPING

Fig. 11 Flow chart for chatter detection
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Fig. 12 Chronological variation of indexes
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Vc:80-->50m/min Fr:40-->200mmj/min d:1mm

Fig. 15 Chronological variation of indexes
(——FR, ---AR) as both cutting speed and
feed rate changes
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Fig. 16 Chronological variation of indexes
(——FR, ---AR) as both feed rate and
depth of cut changes
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