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Among the monitoring technologies in the metal-cutting process, tool wear is the most critical monitoring factor in real
machining sites. Extensive studies have been conducted to monitor equipment breakdown in real-time. For example, tool
wear prediction studies using cutting force signals and deducting force coefficient values from the cutting process. However,
due to many limitations, those wearable monitoring technologies have not been directly adopted in the field. This paper
proposes a novel tool wear predictor using the cutting force coefficient with various cutting tools, and its validity evaluates
through cutting tests. Tool wear prediction from the cutting force coefficient should conduct in real-time for adoption in real
machining sites. Therefore, a real-time calculation algorithm of the cutting force coefficient and a tool wear estimation
method proposes, and they compare with actual tool wear in cutting experiments for validation. Validation cutting tests are
conducted with carbon steel and titanium, the most commonly used materials in real cutting sites. In future work, validation
will be conducted with different materials and cutting tools, considering the application in real machining sites.
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NOMENCLATURE cft = Feed Per Tooth of CNC
sad, srd = Axial Depth, Radial Depth
Ft = Tangential Cutting Force DefConstIndex = Define Constant Machining Condition
Fr = Radial Cutting Force Index
Fa = Axial Cutting Force SCix = Constant Machining Condition Index
K = Cutting Coefficient DefTheta = Define Tool Feed Direction
h = Chip Thickness sthe = Tool Feed Direction
i\ = Rotation Angle CpX, cpy = X, Y Position
z = Axial Depth of Cut d = Tool Diameter
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afxa, afya = Average of X, Y Cutting Force Measured
with a Tool Dynamometer

Nt = Number of Tool Flutes

crpm = Spindle RPM

cft = Feed per Tooth

millType = Milling Type (1 =Upmilling, 2 =Downmilling,
0 = Slotting)

Kfmincon = Cutting Coefficient for Minimum Section

(Except for Outlier) of Constant Machining
Condition
ktc0, krc0, kte0, kreQ = Initial Value of Cutting Coefficients
ektc, ekrc, ekte, ekre = Updated Cutting Coefficients

optK = Optimized Cutting Coefficient

optK, Initial = Initial Value of Optimized Cutting
Coefficient

Kwear = Calculated Cutting Coefficient
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Fig. 4 Real-time calculated Tool wear coefficient

Table 1 Cutting coefficient update process: Initial cutting coefficient
Ktc Krc Kte Kre
688.490 170.520 24.250 16.720

Table 2 Cutting coefficient update process: Realtime cutting

coefficient identification (In machining process)

Ctime [s] Ktc Kre Kte Kre
23.375 688.073 170.585 14.392 16.134
23.475 688.115 170.596 15.302 16.600
23.575 688.102 170.573 15.120 15.998

Table 3 Cutting coefficient update process: Updated cutting

coefficient (After machining cycle)
Ktc Krc Kte Kre
687.902 170.503 11.345 13.377
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