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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(A55%4), linear discriminant function(13 48 §+), cutting condition(24),
cutting force parameter(A 413 2}wel)
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Table 1 Cutting conditions

cutting speed feed depth of cut
{m/min) { mmjrev ) (mm)
100, 150, 200 0.1, 0.25, 0.38 04. 08. 1.2
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» 19 : VB( 0.lmm, 28% : 0.1lmm < VB <
0.3mm, 33% : VB ) 0.3mm
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Table 2 Raw canonical coefficients(Flank wear)

variable CAN1 CAN2
speed 2.9807 -0.9851
feed 0.6145 ~0.2984
depth of cut 0.8056 0.1683
SD. 0.1765 0.2585
cw. ~2.0462 5.2963
AVG(/AVGH 1.4128 0.5631
Fi/Fq ~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 CAN1 CAN2
speed 2.4801 -0.8197
feed 05113 -0.2482
depth of cut 0.6703 0.1401
S.D. 0.8344 0.2767
C.v. -0.4932 1.2766
AVG(/AVG(H 0.5971 0.2380
FiFp -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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Table 5 Raw canonical coefficients(Crater wear)

variable CAN1 CAN2
speed 1.1600 -0.1056
feed 1.1270 1.1115
depth of cut 0.0212 1.5291
SD. 0.0757 -0.23726
c.v. 0.5418 24956
AVGH/AVG) -2.1599 0.4898
EyfFo 4.5328 —0.5451
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Table 6 Class mean on canonical variables

species CAN1 CAN2
initial -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 1.2723
S.D. 0.3584 -1.7601
CV. 0.1306 0.6015
AVG(/AVGHf) -0.9129 0.2070
FiFo 0.7509 -0.0903
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Fig. 4 Cancnical variables(CAN2)vs. canonical variables(CAN1)

(crater wear)

Table 8 Raw canonical coefficients(Fracture)

variable CANt
speed 0.1319
feed -0.5841
depth of cut -1.4684
S.D. 0.2554-
(oA 89319
AVG(VAVG(H -0.2780
Fy/Fp -4.1075

Table 9 Class mean on canonical variables

species CAN1
normal -1.2135
fracture 2.4269

Table 10 Standardized canonical coefficients

variable CAN1
speed 0.1098
feed -0.4860
depth of cut -1.2218
S.D. 1.2077
Cv. 2.1529
AVG()/AVG) -0.1175
Fy/Fo -0.6804
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Fig. 3 Canonical variables(CAN1)vs. crater wear rate
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