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Abnormal state judgement for the turning tools by using the
Radial Basis Function Network

Yukihiro MIYOSHI*

Synopsis: A method to judge the abnormal tool states during the turning operation is presented. “‘Self-Organiz-
ing Feature Maps’’, one of the unsupervised learning system, appeared to be an effective method to select a set of
feature signals which can be used to identify the tool state. A simple and understandable network, which consists of
the ‘‘Gaussian Radial Basis Function”’, is proposed as the system to judge the abnormal tool states classifying the
feature signals. Results of the verification using the cutting test data showed the usefulness of the proposed method
for the tool abnormal state judgement.

Keywords: abnormal state judgement, turning tool, feature signal, radial basis function network, self-organizing
feature maps
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Table 1 Experiments for the candidates of the feature signals (33 cuttings)

Dephof | Feed | Cutting | Tool with fracture | Tedlwibwear | Tool with no defect
cut mm mm/rev | speed m/min Lost height at the nose radius mm | Flank wear land width VB mm Number of tools
0.76 0.12 95—-100 1.5, 1.6, 1.7 0.5, 0.8, 0.9 4
0.51 0.24 90-95 0.9, 1.3, 1.7, 2.1 0.7,0.9, 1.0, 1.2 3
0.51 0.12 115-120 1.6 0.2, 1.2 1
0.51 0.24 115—-125 1.3,1.5,1.8 0.9, 1.0 3
Table 2 Effective Feature signals selection by ‘‘Self-organizing feature maps’
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Table 3 Experiments for the verification of the proposed method (36 cuttings)

Depthof | Feed | Cutting | Tool with fracture | Tectwithwear | Toolwith no defect
cut mm mm/rev | speed m/min Lost height at the nose radius mm | Flank wear land width VB mm Number of tools
0.76 0.12 95-100 0.9, 1.3, 1.8, 2.1 0.7, 0.8, 0.9, 1.2 5
0.51 0.24 90-95 1.2, 1.5, 1.5, 1.6 0.5, 0.5, 0.8,0.8, 0.9, 1.0 3
0.51 0.12 115-120 — 0.8 2
0.51 0.24 115-125 0.9,1.3,1.6, 1.7 1.2 2
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Fig. 1 Cutting signals and feature signals appeared in this research
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Fig. 2 Examples of the signals detected during the turning test
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Table 4 Results of the tool state judgement for the data used for the network learning

Judged | N|N|N|N|N|N|N|N|N|N|W|W|W|WW|W W W|WF|F|F|F|F|F|F|F|F|F|F|F|W

gg N|N|N|N|IN|N|N|N|N|N|N|W|W|W|W|W|\W|W|W|W|W|W|F|F|F|F|F|F|F|F|F|F|F

N: Mo defect W: Wear F: Fracture

Table 5 Results of the tool state judgement for the data not used at the learning stage

Judged | NN |N|N|N|N|N|N|N|N|N|W|W|W|W|W W WWWWWWFFFF|FFFFFWWW

'SI;:":: NIN|[N|N|IN|N|NIN|N|IN|N|N|WWWWWWWWWWWIW|F|F|F|F|F|F|F|F|F|F|F
N: Mo defect W: Wear F: Fracture
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Fig. 4 Selected feature signals
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Fig. 5 Network for the tool state judgement (Gaussian radial basis function network)
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Fig. 6 Feature signals used for the verification
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