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Chatter Mode and Stability Boundary Analysis in Turning

Sang-Lok Oh', Do-Hun Chin’, Moon-Chul Yoon*, In-Il Ryoo++, Man-Kyung Ha™
2

J| Abstract _[L

This paper presents several time series methods to analyze the chatter mechanics by using the power spectrum of
these algorithms considering the cutting dynamics. In this study, several time series models such as AR(burg, forward-
backward, geometric lattice, instrument variable, least square, Yule Walker), ARX(ls, iv4), ARMAX, ARMA, Box
Jenkins, Output Error were modeled and compared with one another. Finally, it was proven that time series modelings
are also a desirable and reliable algorithm than the other conventional methods(FFT) for the calculation of the chatter
mode in turning operation. Also, the spectrum of times series methods is a little bit more powerful than the FFT
for the detection of a high noisy and weak chatter mode. The radial cutting force Fy has been used for spectrum

and chatter stability lobe analysis in this study.
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Fig. 1 Schematic diagram of experimental set up

(b
Fig. 2 Photo of Tool dynamometer (a) and experi-
mental set up (b)

Table 1 Experimental equipments

Instrument Specificution
Lathe Whacheon Co.
Workpiece SM45C

Piezo type(9272B:kistler Co.)

Tool dynamometer

Oscilloscope Hung chang 5504 40Hz
Tool holder PSBLR 2020K 12
Insert tip SNMG 120408 / TT 2500

Table 2 Cutting condition for experiments

rpm feed (mm/rev)

No. 1| 240 | 0.12 | 0.15 [0.195| 0.21 | 0.24 | 0.30 | 0.36 | 0.42
No. 2| 330 | 0.12 | 0.15 |0.195| 0.21 | 0.24 | 0.30 | 0.36 | 0.42
No. 3| 440 | 0.12 | 0.15 {0.195| 0.21 | 0.24 | 0.30 | 0.36 | 0.42
No. 4| 620 [ 0.12{ 0.15 0.195] 0.21 | 0.24 { 0.30 | 0.36 | 0.42
No. 5| 900 | 0.12 | 0.15 [0.195| 0.21 | 0.24 | 0.30 | 0.36 | 0.42
No. 6| 1260 0.12 | 0.15 [0.195] 0.21 | 0.24 | 0.30 | 0.36 | 0.42
No. 7| 1800 0.12 | 0.15 [0.195} 0.21 | 0.24 | 0.30 | 0.36 | 0.42
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Fig. 3 Radial cutting force Fy for spectrum analysis
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Table 3 Chatter frequency of radial cutting force Fy

mode Ist 2nd
AR(©) (ai) 12615 13321
(burg) (&) 0.0107  0.0619
AR(6) 1261.5 1332.1
( forward backward ) 00107 0.0691
12615 13321
AR(gl)(6) 0.0107  0.0619
. 12623 13827
AR()(6) 0.0025  0.0157
12615 13321
AR(I5)(6) 0.0106  0.0620
12623 13263
AR(w)(6) 00118 0.0667
12612 13749
ARMA(6,3) 0.0023  0.0169
12615 13322
ARX(5)(6,3,0) 0.0106  0.0619
. 12553 1505.1
ARX(iv4)(6,3,0) 00020  0.0158
12612 13749
ARMAX(6.,3,3,0) 0.0023  0.0172
12702 1505.1
BJ(c/d)(6,3,6,3,0) 0.0026  0.0158
12539 1505.1
0E(3,6,0) 02075  0.0158

AGRd o] Hgehyo] Rudoh 4 A{RES 5

Foltt A3 AFE A7t 622 5tof AH4bE o] -3
A af 2E Sofrh o] REE of7|(excited) Ho| 5 2
E2 A $Z9 Q5 225 vehfA Ao

AR BdojM= g REVE Z3HE e HEIROF
1260Hz 312 burg, forward-backward, geometric
lattice, 7|7 W<(instrumental -variable), X 2A%(least
square)Zt Yule Walker 502 F-3t9 1 H|14 & FHZ0]
S 3lch. AR(iv), ARMA, ARMAX, ARX, 92 v|iL7] 3]
AFutprh 230 13 B REY 23 AjE ZETL FA]
o) Aol FH5alelont AgLmelBo] wef oy 1 %
Ao Azt Zfo| 2 R ich Box Jenkins, Output Error
pEPoal = eyl 33tEle] | AR 438 nea A
2597 oizke] B ofE(shifty 2417} BB AA
@ AW F ARMA, ARX, ARMAX 5-& 7P BLE HAi T}
olgo] HluA H2 Ao Uegi o= F1EH (99

Asel YRS £ A7 23 17 YH REE 4R,

11

ARMA, ARMAX, ARX(s) 2] 7S 1260Hz ] ¥ 9o 1 &
e BZEvF 9SE & 4 Ak 18 7} vind oF
A U2 ALE AAE BN FFT 2o} 50 o
Y SEEo] BE A&0| 7ML E T 25 EE
T o 37 $EFHo] el o]l 4R AE R
7} o E A& Hrhs Ag Yugdt £ 4 gl FA
g oy AYEY 2402 HYH FFE BT T -+ AN
om ol& ¢AR AE LA TS gE Fosto
e 7 B4 ol §3tgit). o|E vl O & Table 29] o
g AgzxoA 9o T2 AFEY £MX Folo 2AS
27 A= A A E AT o dglen o] £44aE
Fig. 5o Uetigit}. HAR 42 o2 7h5 93ke] A4k
of whet g Fupo] FEo| AN AL wets 4
Brgko] dabol s 22 A2 AgAE 254 O E A
AL 2A HSTh whebA] 2] At 9 O A
sto] w2t AE {F7F 234 WebA HE 4+ AN

o akalA W3lsl= AE JHE A&7 d A
HEY HL4o] B} £45A HEY FFE AU T + 9

= TS ¢ & AU

ki

I2Ael gl
A 24 2 A
2719] 3498 etz ol ﬁzﬂ % \%EHH% %

g HA Zo] Al g, &t 7}

wg
#J

-1
Qi = 21(}Real (@c) (9)
o] AJAHEIQ] HatdE}e] AlREL Zb7) H) - AR (specific
cutting coefficient) K, A|AR Q] TFAF I 74 A4

o Ho
i"

N
(o
o
i
A

of wist] wie} oy 9 Hloby AAG el
1 % o2 Basel AHYAL 7T 2 g

Fig 5 & 24%0] d - 2.0mm Q) 224 4 23t
£ 24310l e 4579 FAYAE tehis Ao 57
99 919 £ AE7E ol Geolan o}y BT
AB7E G AR G HEhiT glek & AAY =Y
Y 5 AHEY 242 Foie] ot AEY BES BA3l
748 o2 AAY 29 A2 VIR Bl el
$78 1902 RAT A2 ok AE7t Y Aoln
Ae A7 wyEte D orh o A, xi A7} %i
398 BASL QT Fig. 5 A3 4 )9 w0z
% 7129 ARG el vl tehin glon :



Ho

feed ,
{mm/rev)

06
0.5
04
0.3
0.2
0.1
0

Ly W
o

xxxf D OO

—t
P

~—
7
xx7>o > ©| o

epeare ST )
70009 > o | o

"~
~

S Ok R D ] D
e Dt I M

0200 400 600 800 100012001400160018002000 er

Fig. 5 Experimental stability area for the condition of
d = 2.0mm using radial cutting force Fy
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