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Detection and Analysis of Chatter in Endmilling Operation
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| Abstract J

The detection and analysis of chatter behaviour in endmilling is very complex and difficult, so it is necessary to detect
and diagnose this chatter phenomenon clearly. This paper presents a new method for detecting the abnormal chatter in
endmilling operation, based on the wavelet transform. Using AR spectrum the data that has chatter phenomenon was verified
and the fundamental property of chatter and its characteristics in endmilling by using the wavelet transform is reviewed.
This result obtained by wavelet transform proves the possibility and reliability of detecting the chatter in endmilling operation.

Key Words : AR Spectrum(Z}-5-3) 7] A% E#), Cutting Force(H AH2]), Mother Wavelet( 2 $l]o] 2.3, Scale Factor(<:4|4),
Translation Factor(%10]4]4), Wavelet Transform(¢]jo] =3 H3h

1. M 2 Azt F2E Aol o> Fasich 1E e wd

W2 A7t YU, G FFT 5 7189 o2 w

Y, Agal, DT AdEop A deud 59 7} w2 A7t YL Gt FFTY o] IJEES 2Y

%’—t ] AAgET k. w5k AR Yol whek A 3He AR(Autoregressive) 2HEHL: ol 43t YEHREE
T Aot AEE TEF shgo] ast HL HF HET Bavt 91 o) o83ty HE AFo] 2
7HMg2AE nEg A4 A9 At AasiA Hoh e 99 HYE 4ot HolEdof AL 7He3 dio]
53] BAbbgRobo A 7Hg Al AE AL FasA A £ F&8tojof dict w3t o] Hafe] Alag HolEdl W
A=) gick A9l 71 A7 o] R A, 5] < BH(wavelet transform) @2 8 @I Fdo] Gl= AR
=l AARoA AE e A gt A&y 1 Baolofw A $(detail coefficient)?] 2§ {25 FHsty, 1 EF
2 AUst g4t FA7IAY g E e daeFo]n, S 24 FAEIE Aol "asi geojadl HE2 A7tz

et 7]75“"‘§}'—r“ st
=z, BAYsE 7| A38HE (meyoon@pknu, ac kr)
608 739 FAZGA &7 895 hoodA

H
w2
* A
T

10



& Vol.13 No.6 2004. 12.

U Zm4 o] A5 AR 7148 olgste] B olopt 3
o mal B QTN golndl Heke olgsiel P
52 ANSYT o] AL Ha 2 HEo 48 Fe
& 2230 1 M52 A=Y 4E % online® 2 A
2507 sk, B3 A= 71 7uHel 54
olsel A7} ol A=Y A ATE ol 4% 9|
B3 WE o] FHgo| B2 1 ey AR o
.

=
=3

O o i Y rE

2, flloj=El Hgto] 0|2

2.1 A% gflo|=3 HEt

d<: o] B 2l(Continuous Wavelet Transform, CWT)
ojg & o|B FF o§ste] NEE EAste WY
& gt B A sk AT E A, olEd 5
CWT(ab), ¢(HE & HolBeloleta 3tx, 24 4 o
o9} AT AnE HOAFIL UHA7]7] fjste] & folB
A& Foto] HEH FolE2AE & 4 AL, o] e A

s 4 (F 2ol derd % ok

CWI(a, b) = fiﬂt)ﬁ W=y

| a

A

ol o] Wgsl golu
oF et
© [_adar = 0

@ Band-pass A3
@ AYYolN Fog m2A it

rlr

et 2

rlo
Am
fle

7+A

FlolB3AL B gojHAE A7k Zo me} FE3LT HolA]
HoRA PojAE Tl FEAS o adf TF A7)
€ IR Aoz, HolAla be bUF A olFAA U
Bl Zolth ¢ 2 fo]H3E yEhiL HojHyl M
Aite EAT HoloAlef AT An7t YFEHT Hold =
Yol Bzt vlsh] MEAT= 2 e A Eoh Yol

|

g wgo] 9o} HolAss Al
29 o

Are Az T} gas

ol

o}, 5} 424 tho]
£ oln AT
o YHES Sl @

29 0|53 Yoltn ¢4

I

|
qaiAs NTFGIN Aze 7
SR dajd e Fuke G994

o Hebd SESAE B4 75

Ar N

-

)

an=— [T Ly owra o

t—b
a

2 )da @

9 HE2 4 (D)E ol8stq +HT £ 3 2 golH
oA 7F$AE Foistel dojunt. e foj2a W] A}
39 = dojEt o HFe] A B ojHlo] o
& Bode € A% e B9 + gl

«© 5( ) 2
e ®)

4714 C 4= HolBH Aol

2.2 OjAt g0l st

A% golnd Wghe] BASTIA e ABsl ALH
7Aool AEH uete] RHSFTATE asH UsE
#23Z(sampled data)3t ZA-3-oll= oA Fo| B3 Hgho]
AME-EIT) o)Ak go| B3l H3K(Discrete Wavelet Tranform,
DWDL dMstE AleE ofd AFnt A& F1 I
(Discrete low pass filte)S AA A1&9] A EAS
BASHaL o4 Twt A& F3 PE(Discrete high pass
filter)S o] -83t4 Az} wAlgt E4& BAsHA Hrh
A< Yol B3l HEL A gsty] Haixle gloj 2zl g 7}
3E A7NYURE A4S deth 2HY @AReR 29
A A&AIZE U4 XA L2 oJASKE - o4t o]
B3 Hke Ag3HA "t onf o]Atst | Alss A& Al
S9 A ZAHA Hrk. A4 YoM d&HoR
fol2dl Aeg AsbstEg U AHE 85t T2 do]
HE AAgth ojd A4E HAsty] Y3f oAt Hojr
g RS 29 o] HA gojHE MBS £HFOEN
Aeeta, ALAEE B Fo BHot 284 WS 4
Y 4= glrk. o)4t glojHe Mk SlojAM AAY T ¢
(O dojBdl T4 (N o ol FojHrh



QME FZE - R2H
— 1 9 Az 0 AE :
(D=8 (-1 Cog@tn-N+D () 3. 37 SWAS ol3t BAY A3

4714 N2 29 Fe4d

Agols ot 2

golgel oli, C,e Hol2dl
23% HEgorith

E)C,,zz, gcn Couva =28

n=

©

o7)A, &% Kronecker DEFE 2l0|3aL 4] (4), (5)$} (6)
& 0} 8g oAb gojral A2 gt Zt,

WLl = e Sl *EE @)
0"

A714 gln& ZHo|BR OB A, 4 (1)of Uehd A&
glo|Egl W] o] UFASF a, b AT me T4l
a= a @ b= ka jo3 REHAT}

Fig. 12 DWT 3 2% Jeid 2024 43+
3} =of dolBd IARE AXNEA 1LFo H& T3
£ AA A3e HolEY AsE Uehia AT &
I ZEE AR AZEL oS BAY DIT 5= o]
A Hat ojzfgt & gHaste] o2 4 FHol

o)Ak
hoi]
=

A=
g
5
3]
°
1

-

=
[}

e
X

Input —» [ DWTS ] — [ DWTS ] — [ DWTS ] — Output
R

@ Wavelet ~®
coefficients

o e

00000000

Scale

s “

Output

Output to next

Fig. 1 Schematic diagram of DWT
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Fig. 2 Geometric configuration of workpiece
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Fig. 3 Cutting force(no chatter(D+severe chatter(3)) and
power spectrum in all stage of the workpiece
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Fig. 5 Cutting force(no chatter but initial chattering) and
power spectrum in the second stage of the workpiece
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Fig. 6 Cutting force(severe chatter) and power spectrum
in the third stage of the workpiece
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Fig. 7 Cutting force Fx, Fy and F7 in each direction and
its power spectrum in the third stage of the workpiece
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