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ART?2 Neural Network for the Detection of Tool Breakage

Tae Jo Ko®, Hee Sul Kim, Dong Woo Cho

ABSTRACT

This study investigates the feasibility of the real time detection of tool breakage in face milling operation. The proposed

methodology using an ARTZ2 neural network overcomes a cumbersome task in terms of the learning or determining a threshold

value. The features taken in the research are the AR parameters modeiled from a RLS, and those are proven to be good

features for tool breakage from experiments. From the results of the off line application, we can conclude that an ART2 neural

network can be well applied to the clustering of tool states in real time regardless of the unsupervised learning.
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Fig. 1 The overall structure of the ARTZ network.
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(b) Broken insert

Fig. 2 Slotted insert machined by an electrical wire cutting

machine.
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g. 3 Details of cutting force signal at the moment of tool
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Table 1. Cutting conditions used in the experiments.

Cut Cutting Feed rate Dcpchof Toot Cul Cuning Feedrate Depthof Tool
No. speed state | No. speed cut state
(rpm}  (mm/min) (mm} (rpm} (mm/min)  (mm)
I 1100 60 0.5 New| 15 1100 60 0.5  Broken
2 1100 60 0.8 New| 16 1100 90 0.5  Broken
3 1100 90 0.5 New | 17 650 60 0.5  Broken
4 1100 90 08 New| 18 650 % 0.5  Broken
5 650 30 0.5 New | 19 650 30 0.5  Broken
6 650 30 0.8 New | 20 350 30 0.5 , Broken
7 650 60 0.5 New| 21 350 60 0.5  Broken
8 650 60 0.8 New | 29 1100 %0 0.5 Chipped
9 650 %0 0.5 New| 30 1100 90 0.5 Chipped
HY 650 90 08 New{ 31 1100 60 0.8 Chipped
11 350 60 0.5 New| 32 1100 60 0.8  Chipped
12 350 60 0.8 New] 33 650 30 0.5 Chipped
13 350 %0 0.5 New| 34 650 60 0.5  Chipped
14 350 %0 0.8 Newi 35 650 90 0.5  Chipped
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Fig. 4 Model parameters under different tool states.
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Fig. 5 Variation of power spectral density with respect to the
tool states.
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Fig. 6 Variation of sum of absolute weights.
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Table 2. Classification results.

(a) vigilance number 0.96 (b} vigilance number 0.9 (¢) vigilance number 0.99
Cut no. classl classz classl class4 classs Cut no. classi class? Classl classd classs Cut no. classl class2 classl clagsd classs
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Fig. 7 Monitoring results to the continuous cutting force

signals,
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