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Detection of Chatter Vibration in End-Mill Process
by Neural Network Methodology

Eui-Sik Chung,* Joon-Bin Ko,* Ki-Soo Kim**

ABSTRACT

This paper presents a method of detecting chatter vibration.in end-mill process. The
detecting system consists of an adaptive signal processing scheme which uses an autore-
gressive time-series model and a neural network is proposed and is verified its effective-
ness by using acceleration and cutting force signals recorded during slotting in end-mill
operations. Experimental results indicate that the proposed system provides excellent
detection when chatter is occurred within the ranges of cutting conditions considered in
this study, and an effectiveness of the integration of signals is confirmed.

Key Words ® detection of chatter vibration(§817]), end-mill process(A=-4F4) autoregressive
time—series model(AZVAANALEY), neural network(ANAE2%), acceleration sig-
nal(7FEEAE) cutting force signal (84434 %), integration of signals{(N &%)
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Fig. 1 Architecture of an neural network
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Fig. 2 Experimental set-up for detection of chat-
ter vibration
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Table 1 Experimental conditions

Spindle speed : up to 10,000 r.p.m.
Spindle motor © PM type, 0.5 HP
4-Flute H.5.5. (SKH-51)
Dlameter : 10 mm

CNC mitling machine

End-mill

Materlal : 7075 Al alloy

Worknloce Size : 100 x 150 mm

Maln spindle speed : N»800~2,000 r.p.m.
Feed speed © £=25~125 mm/min.
Depth of cut : b=0.7~1.9 mm

Cutting conditions
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Fig. 3 A example of measured time signals of '(a)
acceleration and (b) cutting force, and (c)
surface roughness(N=800r.p.m., f=75mm
/min., b=0.7~1.9mm)
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Fig. 4 Power spectra of (a) acceleration and (b) cut-
ting force signals obtained in normal and
chatier conditions(N= 1200r.p.m., f=
100mm/min, b=0.7~1.9mm)

Photo. 1 Photograph of chatter mark’s

/200

Hstad, F 3 F ojAE AezlF] w2 3-27F
37k A9 &g ¢ F Ut A7A, FIs
227THz © FA7IAAY 2525 71Q1ste Azl
B (FIRA, ol A% 7138 IHd| ehd
Aeu-T9] 4 (n=11~12) (Photo. 1}9 F£& &4
&% (N)o] fA2 28 38 89 A6 &
23 e AL 9XFEE 398 F UAQAT

F.=n N/60 (Hz) ©)

szl AH7E GAHR o FAY TR
St WAL A4, 2 28 2o E2ad 9-33
T2 23 3l -431\ AHAEE A& 3ol 7t
5% Aos Adud. 1du, ANAFF Kt A3
e R DU
dz-9 A2A BAZ He AHAEL A0 7F

152

. (a) Acceleration Signal

04t chatter commencing paints

02 AR(3)

AR Parameter Values

“a 5 30 15 20 25 0 36 40
Cutting Time [sec]

{b) Cutting Force Signal

chatter
commencing points

AR Parameter Values
o
=

AR(4)

.

88 16 15 20 25 80 & 40
Cutting Time [sec]

Fig. 5 AR parmeter values of (a) acceleration and
(b) cutting force signals obtained in normal
and chatter conditions (N=800r.p.m, f=
125mm/min, h=0.7~1.9mm)
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Fig. 7 Qutputs of an neural network corresponding
to acceleration and cutting force signal
inputs obtained with (a) normal and (b)
chatter conditions
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Cutling Conditions :
Feed : 125 mm/min
Cutting Speed : 800 r.p.m

Width of Cut : 0.7 - 1.9 mm

Cutput of Neural Network
(=]
[+
|
|
1

] T —

6 5 10 15 20 0

25 80 a5 40 45
Cutting Time [sec)

Fig. 8 Qutputs of an neural network performance in

time trace (dashed : cutting force only, dot-

ted : acceleration only, solid ! combined cut-
ting force and acceleration)
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Table 2 Results of an neural network performance
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