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Prediction and Detection of Tool Wear and Fracture in Machining

Young-Tae Kim*, Jeong-Han Ko*, Cheol-Woo Park**, Sang-Jo Lee*

ABSTRACT

In this paper, main target is to select parameters for prediction of tool wear and detection of tool frac-
ture. The research about choosing parameter for prediction of tool wear is done by using force ratios. Also
current sensor, tool-dynamometer, and accelerometer are used for researching detection method of tool
fracture. Experiment is done using Taguchi’s method in medium machining conditions. Parameter which is
best for prediction of tool wear and detection of tool fracture by deviation analysis is selected. In this
paper, tool wear means flank wear.

Key Words : Force ratio(Z2H23H]), Flank wear(Z#3Zvl), Tool fracture detection(F+3AH %),
Taguchi’s experimental method (S} 48 A &%)
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Fig. 1 Schematic of experimental setup
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(b) Measurement result of vision system

Fig.2 Vision system
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Table 1 Specifications of NC lathe and hall sensor

PAN20 NC LATHE Hall Sensor{LA-25NP)
Z-Axis DC L1 kw Nominal Current %A
Servo Motor
Spindle D.C Response Time .
Motor 15 kw at 90% Ip =1es
Z-Axis LBU | 0.001 mm/pulse Bandwidth DC to 150kHz(-1dB)
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Table 2 Machining conditions used for experiments

Factor 0 1 2
Tip_shape(A) A4 g2y Ag

| Cutting speed(B) 180 220 260

Depth of Cut(C) 15 20 25

Feedrate(D) 02 03 04
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Table 3 Table of orthogonal array L,(3‘)made by using
machining conditions of Table 2

No. of experithent

i PR A B c D
2 4 0 0 0 0
5 7 0 1 1 1
1 5 0 2 2 2
3 1 1 0 1 2
6 8 1 1 2 0
4 6 1 2 0 1
7 2 2 0 2 1
8 5 2 1 0 2
9 3 2 2 1 0

7o) A4 99 Eoll 8 HEAYE dge
o F7ohd & HEA Y §lo] Table 29f Ex 1.4 42
AYgto BAENS Feith. 2 d¥dMe % 2
-3 % AFANS YAF VRHLE FTOMEE
Z3ech FAd A A3 rtgE e ALsA
AEHF4 200Hz2 PCL718 ADFIES B3 AF
Hel A9t 281 0.3mmeld EWAntdo] 24
B af e e AR % 0.2mm ol £%& Wl
o 27AY4YLE Foiy o|FREHe FToHEE 5%
31 et 3702 532 Off-line2 2 3w vl AA]
2§ & ol gdte] EYAvidvte FPFY. an JHE
= Az w2 FAF YR 245 482 3uE ¥
olZ Hade] AR o Yol B F AEIFAF
5000HzZ AD7}=% 53] #4% Fo 35 E4&
Pt

—h— Feed Force

+ Tangential Force
1.0
—j— Radial Force

goa——"\% PN
(=)
hud
P
D08} &— —@ &
2
[=]
W

0.2

%

B(Cutting Speed)
Fig. 3 The result of interaction experiment of cutting speed
and cutting depth(B X C)
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Fig. 4 Wear of insert tip used for first experiment
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Table 4 The change rate of force ratios and force incremental
ratios at wear quantity
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Table 5 The result of variance analysis for force ratios and
force incremental ratios

Factor Frl 274 F3 Fil f 4 Fi3
A(Tip shape) O O [0) (0] O O
B(Cutting speed) 0 O O 8] O 0
ClDepth of aut) O x 0 o] O O
DiFeedrate) (0] O (@] O O 0O

o gy Ye x 9B S

o]d9lA Fig. 5% Table 5% Fa AaLn|g Z&
¥ 2% Force ratio2€ A3l vpd d2W4g 20
€ 28] Ugten] AAZEH 9 ALY E HnE
“fﬂ Fig. 6& B3 AR A438y] glo] 8

F& 379 d3UAR 29 £ IS8T AR
‘4. °IT‘I- AAEYu e AAFRu 7 Febdd o
FEE 2 ToFA FAld Az dEME 2A
FEE 22 gete AL guidd. Wi Zfde
opdol th3 AAMASIEo] MY AT HAzA glo]
A FFERNE RSB o] FL o|FEYFEuR
o} voin 2¥ 5 gl

4.3 3703 AE
Fig. 6, Fig. 7&
33 RoFE

&olE
T A A4 doje g AFA

121

o3

Data No.

(a) Force data

g . [”W“"’W
i.. /
gy

“’:N —srua

(b) Current data
( V=260m/min, d=2.5mm, f=0.4mm/rev )

Fig. 6 Mean average value of force data and current data at
tool fracture ( V=260m/min, d=2.5mm, f=0.4mm/rev )
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Fig. 7 Mean average value of force data and current data at
tool fracture ( V=180m/min, d=2.5mm, f=0.3mm/rev )
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