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Detection of Tool Wear using Cutting Force Measurement in Turning
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I 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. The static comr
ponents 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 dis-
parities are defined in this paper, and the relationships between normalized disparity and flank wear are established. Finak
Ly, 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.
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Fig. 1 Comparison of cutting forces and normalized cutting forces
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Table 1 Experimental parameters for force modeling
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Fig. 4 Variations of the normalized force in the different
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- Side cutting edge angle : 15°
- Normaf rake angle : 5.795°
CSDPN 2525 M12

- Side cutting edge angle : 45°
- Normal rake angle : §.432°

Tooling
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Depth of cut ¢.2mm ~ 2.5mm
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Table 3 Detection results

Tool VB KT Feedrate Depth of Cut Cutting Speed Nd Nd Nd Detection
No, (mm) | (mm) {mm/r) (mm} {m/min) ! 2 : Results
0.06 03 150 -0.037 -0.044 | -0.031 S
0.15 0.3 170 -0.044 -0.025 -0.022 S
0.f 0.5 170 -0.008 -0.009 0.004 S
1 0 0 0.05 1.0 100 0.012 0020 ¢ -0.015 S
0.25 1.0 100 0.003 0.086 0.086 5
0.05 30 100 0.001 0.016 -0.016 S
0.2 K] 200 -0.078 -0.175 -0.157 S
5 02 0 0.05 1.0 100 0.017 0.019 -0.026 S
0.25 10 100 -0.008 -0.050 0.049 5
1 05 0 0.05 i.0 150 0.057 0.094 0.074 )
0.2 1.0 150 0.110 0.335 0.317 M
0.05 1.0 100 0.091 0.130 0.094 M
! 0.32 005 0.25 10 100 0.097 0.345 0.331 M
0.1 [0 150 0.132 0.150 0.075 M
0.2 L0 130 0.172 0.245 0.178 L
3 0.35 0 0.2 0.5 150 0.090 0.312 0.298 M
0.2 1.5 150 0.155 0.246 0.192 L
0.2 1.0 250 0.135 0.196 0.142 M
0.2 1.0 100 0.14 0.374 0.346 L
R R Y L9 20 0.45 | 0416 | 039 L
0.15 0.2 200 0.359 1.290 1.115 L
0.06 03 170 0.303 0.580 0.494 L
(.25 0.3 150 0.310 0.993 0.943 L
; 03 0 0.05 10 100 0.310 0.606 | 0520 L
0.25 1.0 100 0.305 1.087 1.043 L
0.2 0.5 100 0.636 1.503 1.362 L
02 1.5 1900 0277 0.758 0.706 L
02 1.0 200 0415 1.245 1.174 L
0.05 1.0 100 0.109 0.182 0.147 M
8 0.4 0.06 0.15 0.5 150 0.083 0.222 0.205 M
0.1 1.0 109 0.133 0.303 0.273 L

S Detected as a sharp tool
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