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A Study on the Diagnosis of Cutting Tool States Using Cutting
Conditions and Cutting Force Parameters(I)
- Signal Processing and Feature Extraction -

Chin-Yong Cheong*, Ki-Hyun Yu**, Yong-Ki Kwon***, Nam-Sup Suh****

ABSTRACT

The detection of cutting tool states in machining is important for the automation. The information of
cutting tool states in metal cutting process is uncertain. Hence a industry needs the system which can
detect the cutting tool states in real time and control the feed motion. Cutting signal features must be
sifted before the classification. In this paper the Fisher’s linear discriminant function was applied to the
pattern recognition of the cutting tool states successfully. Cutting conditions and cutting force parameters

have shown to be sensitive to tool states, so these cutting conditions and cutting force parameters can be

used as features for tool state detection.

Key Words: signal feature(41254), linear discriminant function(A 848 &) cutting condition(Hat22),

cutting force parameter(H2+8 slelvjel)
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criminant function)
g3z} e §F 2AGE 1.0, 3 o B2
= ASdle 4 ()3 Zo] oz #23
guE A2 ¥ 2 S,

136

y=Ux, U'=(, L,1) )

Y & x, 9 A8AFlY,

x7hmol S5 Ay o RERE My 1,0 &3
£ A% vHRS M, 33 & o My, o oy Aol
At Aue NED e 8RR 1L FIY.
o) = miTte) R¥d Be 4P Bo Yot B
Yao] U3 TR YL 2EnE RN 12

Fae 4 (2)% 2ok
[= 2_1(ﬂ1 _,uz)

A Q)N s Me 247 7wy, w, o EHE WEjolr},
w2t

y=lx= (- )Y %

2.2 BHEH

F R o)) RYTAN F2E FEEO

O
—

250 A3 g
BRE o) gale] of HEEo| o= YDA 329 7
AT 2RE F & Ak 1ES e BAYS DY
Holg} @t} o] 125 4T $HY HEEE AR ¥
$UE A9 WY 5 Ak shEAle) BAYE Aoz
HFE BEASEY P42 FolA0, olelT F5E B
AW BLAT B PAYEE T AN B
250] o= BHUAN F29UEAS A 23 3
ook @t old Blste] ol BAUAN F28 AR
2 R AZe E2o) ¥EHUS 0 o] LS ¢
2T FoH ol shiel 2UTez ERl Folof 5
£ 497k Ak of W) BR9l 1% Sk 58 2RE
w3 o, BERAIA A BAYFE EREFE

AHE3hE Ao] BEolt)

B dpds BE3d,E Fisherd A¥AETLE o
£l FEENE Y. BdwsEe AR 3t
A(HAET o|F Hate]) g g FFAA(stan-
dard deviation: S.D.), A4 WA 5 (coefficient
of variation: C.V.), 2 34| (initial avg /final
avg.; AVG)/AVG()), 248 £ (feed
force/principal force: Fy/F,)oln @dwise g2 2



=AU F 3 A

A 147 A105 (19974 104)

Z YEhvE 3283 BAAgY 72
|58 ol &3t HERSE

WHS F BFAAE dole W
EFRAE BHoR Ve =
el fadty Hae HEYol
Hovler Ao Feu 2 Fadslete] MR MY

o Bdstna e AL SYA0E, Ao}
TFapEojtt,

>
re
oft
X

s

.

AN

2
To s B

e T V- - Rt

ofl

3. TR H HHYH

W44, ke, Aol el U7y yECR
22 2ole Q2uo|EA 2AYdA% STSI04E
CNCAHHDAWOO PUMA 6S 100L)& A&3Hd 713

L
ke

:57'33 . BTE 27F79 K20 160304GN(ASA 322)
& AHgatdon, FraES frEdy] Y] Aigs
130m/m1 o]% 0.25mm/rev, A4tdo] 0.4, 0.8,

1.2mm9] 37k 21L& 37 9 BANFIE o %
o FPAGANN 0.6mm B | £ 0.2mm o]
0.3mm& &% (slot) & 7FgatAtt. B3R F75 4%
1‘?5@74]2 AA et AAEE sk, 349 4
Ml &2 BUlA $29 A5E A/D AWE
Ao Adsle Aggtes WEdn, vy
AFEHE BA S8 AdE Yd el
O ojsiA AAE EEUA, HAE WEAS,
Hav), 2 -"'i:@. H[E 3}, doje 5 A

b ng A7HE 7138 & 100ms ©9 2 B2 (block)
3late] 53T A42AL Table 13 23 F+vt
59 e §RFY7YG 44 dAY goldA oA
Pol &3t A},

o fr

o

],

xF49
H =
=

[ VR o lok
r\o 12 }m
JE

i\

Ly

ey

Table 1 Cutting conditions

cutting speed feed depth of cut
(m/min) ( mm/rev ) (mm)
100, 150, 200 0.1, 0.25. 0.38 04, 08 12
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P 1A : VB(0.1lmm, 289 : 0.lmm < VB <
0.3mm, 3¥% : VB ) 0.3mm
Table 28 #HRSd g 2 /Y HEZFYEAFTE

vebdch, w2 A g $ERse A 9%
Zo] M|EEH EA S d-Sehe B M¥FY
o2 dojAlrd

WHHE 1 = 2.9807x, + 0.6145x, + 0.8056x,

+ 0.1765x, - 2.0462x,+ 1.4128x,

- 2.2796x,

- 0.9851x, - 0.2984x, + 0.1683x,

+ 0.2585x, + 5.2963x, + 0.5631x,
- 2.3136x, (4)
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Table 2 Raw canonical coefficients(Flank wear)

variable CAN1 CAN2
speed 29807 -0.9851
feed 0.6145 -0.2984
depth of cut 0.8056 0.1683
S.D. 0.1765 0.2585
Cv. -2.0462 5.2963
AVG(iAVGH) 1.4128 0.5631
FidFo -2.2796 -2.3136

Table 3 Class mean on canonical variables

species CAN1 CAN2
initial -3.4602 -0.3437

medium -0.8214 0.5350
final 2.5663 -0.1562

Table 4 Standardized canonical coefficients

variable CANt CAN2
speed 24801 -0.8197
feed 0.5113 -0.2482
depth of cut 0.6703 0.1401
SD. 0.8344 0.2767
C.V. -0.4932 12766
AVGIil/AVG(f) 0.5971 0.2380
Fi/Fo -0.3776 -0.3833
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Fig. 1 Canonical variables(CAN1)vs.
flank wear rate
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Fig. 2 Canonical variables(CAN2) vs.
canonical variables(CAN1) (flank wear’)
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$884 1 = 1.1600x, + 1.1270x, + 0.0212x,
+0.0757x, + 0.5418x, -2.1599x,
+ 4.5328x,

#ad4 2 = - 0.1056x, + 1.1115x, + 1.5291x,

- 0.3726x, + 2.4956x, + 0.4898x,
- 0.5451x, (5)
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Table 5 Raw canonical coefficients(Crater wear)

variable CAN1 CAN2
speed 1.1600 -0.1056
teed 1.1270 11115
depth of cut 0.0212 1.5291
S.D. 0.0757 —N.3726
CVv. 05418 24956
AVG(/AVGH -2.1599 0.4898
Fi/Fyp 4.5328 -0.5451
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Table 6 Class mean on canonical variables

species CAN caNe |
intal -1.0644 0.0624
medium 1.5305 -0.9578
final 26075 05415

Table 7 Standardized canonical coefficients

variable CAN1 CAN2
speed 0.9652 -0.0878
feed 0.9377 0.9248
depth of cut 0.0176 12723
S.D. 0.3584 -1.7601
CV. 0.1306 0.6015
AVGIi/AVG(T) -0.9129 0.2070
Fy/Fy 0.7508 -0.0903
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Fig. 3 Canonical variables(CAN1)vs. crater wear rate
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Fig. 4 Canonical variables(CAN2)vs. canonical variables(CAN1)
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Table 8 Raw canonical coefficients(Fracture)

variable CAN1
speed 0.1319
feed -0.5841
depth of cut -1.4684
SD. 0.2554
CVv. 89319
AVG()/AVGf) -0.2780
Ffp -4.1075

Table 9 Class mean on canonical variables

species CAN1
normal -1.2135
fracture 24263

Table 10 Standardized canonical coefficients

variable CANT1
speed 0.1098
feed -0.4860
depth of cut -1.2218
SD. 1.2077
CV. 2.1529
AVG(/AVG(H -0.1175
FFp -0.6804
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