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Detection of Tool Wear using Cutting Force Measurement
in Turning

Jae-Woong Youn, Kwon-Yong Lee, and Soo—Cheol Lee

School of Automotive, Industrial, and Mechanical Engineering, Taegu University

Abstract— The development of flexible automation in the manufacturing industry is concerned
with production activities performed by unmanned machining system. A major topic relevant to
metal-cutting operations is monitoring tool wear, which affects process efficiency and product
quality, and implementing automatic tool replacements. In this paper, the measurement of the
cutting force components has been found to provide a method for an in-process detection of tool
wear. Cutting force components are divided into static and dynamic components in this paper, and
the static components of cutting force have been used to detect flank wear. To eliminate the
influence of variations in cutting conditions, tools, and workpiece materials, the force modeling is
performed for various cutting conditions. The normalized force disparities are defined in this paper,
and the relationships between normalized disparity and flank wear are established. Finally, Artificial
neural network is used to learn these relationships and detect tool wear. According to the proposed
method, the static force components could provide the effective means to detect flank wear for
varying cutting conditions in turning operation.

Key words— detection of tool wear, flank wear, cutting force components, artificial neural
network, force modeling, normalized force disparity.
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Fig. 1 Types of tool wear
(a) Flank wear
(b) Flank, Groove, and Crater wear
(c) Crater wear
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Fc Cutting force

~.
Feed direction

Fig.2 Three measurable cutting force
components
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Fig.3 Comparison of cutting forces and
normalized cutting forces
(a) Change of wear-land width
(b) Change of cutting speed
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Fig.4 The Force disparities of the normalized
cutting force
(a) Constant force loci
(b) Force disparities in the normalized
force plane
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Fig.5 Variations of the normalized force
in the different cutting conditions

23

Syl "

.3
d r= exp N;, ]

(Lﬁ_l

ay

for= exp[—k log .,{( -—- (4)

iy ( 5,;1) i )}]

A71M dnrS fnr,E 42 Y FIFH o%
Fg veldo. 4(4)9) 9vli, sharpdt 79
daire dagdez e o A32EeE & F
AS-E ou|gct ey mlEE FFo] disfy
£ Aatgo) Zoislez AAlEd d4zde o
3A A" Ao, o ZHdMe AR A
3 ™A (Normalized tool force)t A A3
228 Alol o] HAHFigd (a) d)EHE vld 9
F& HHoz HAY ¥ A HE Aot
Z oldg dte AAHYG AUF T ojFH
of ol ZA HriHERTY, 2 FrE HFEAC
A9] sharp® F7 A3 Fwsad FAHNNF,
NF¢, NFi)& )2 F& oA 428 & Ao
1 ¥ Figdst 2o Aste Ay Huye] o
%g EANEY A9 Awsd "G2AENF., NF
NF# 428 4% 2 ddBoayeg Aadd
A3 AaAENE/, NFyY, NE/) Alelele a9
# e Hast AT JuistE, P 2L
ol o] & W Nf:E F7Metx|¢t vlEd 72
= 2 #%ol FelA L, NFe H e 3771 v



Force Measurements
F., Fy, F,

Comparing
NF,, N¥,, NF,

NF., NF/, NF.!

Calculation of
Force Slopes

Fig.6 Caculation flow chart
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Table 1 Experimental parameters for force

modeling
Tool
Experimad CTGPRL | CSBPRL CSDPN
Constants
ki 0.386 0.462 0.489
« ke 0.978 0.964 0.961
ke 0.296 0.290 0.199
K, 0.201 0.234 0.281
a 0.753 0.672 0.661
2z 0.069 0.065 0.049
2 a ~0216 20196 20194
a -0.014 -0.087 ~0.126
b, 0.183 0.529 0.934
b b, 0.023 0.025 0.003
by 0.135 0.119 0.091
b, -0.755 -0.423 -0.060
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Fig.7 Variations of the normalized disparities
with the growth of flank wear
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Table 2 Detection results

Tool | VB | KT | Feed | Depth | Quuing Desection
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Table 3 Structure of neural network

Structure of neural 3-6-2-1
network (2 hidden layers)
Learning rate 0.7
Momentum rate 0.9
Shape factor 10
Error bound 0.01
Number of 45
sample patterns
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