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Abstract

This study introduces a new tool breakage detecting technology comprised of an unsupervised
neural network combined with adaptive time series autoregressive(AR) mode! where parameters
are estimated recursively at each sampling instant using a parameter adaptation algorithm based
on an RLS(Recursive Least Square). Experiment indicates that AR parameters are good features
for tool breakage, therefore it can be detected by tracking the evolution of the AR parameters
during milling process. An ART 2(Adaptive Resonance Theory 2) neural network is used for
clustering of tool states using these parameters, and the network is capable of self organizing
without supervised learning. This system operates successfully under the wide range of cutting
conditions without a priori knowledge of the cutting process, with fast monitoring time.
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Fig. 2 Photograph of experimental setup

Table 1 Cutting conditions used in the experiments.
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Cut Cutting Feed rate Depth of Tool || Cut Cutting Feed rate Depth of Tool
no. speed (mm/min) cut state | no. speed (mm/min) cut state
(rpm) (mm) (rpm) (mm)
1 1100 60 0.5 New | 22 350 90 0.5 Broken
2 1100 60 0.8 New || 23 350 60 0.8 Broken
3 1100 90 0.5 New || 24 350 90 0.8 Broken
4 1100 90 0.8 New || 25 650 60 0.8 Broken
5 650 30 0.5 New || 26 650 90 0.8 Broken
6 650 30 0.8 New | 27 1100 60 0.8 Broken
7 650 60 0.5 New | 28 1100 90 0.8 Broken
8 650 60 0.8 New || 29 1100 90 0.5 Chipped
9 650 90 0.5 New | 30 1100 90 0.5 Chipped
10 650 90 0.8 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 90 0.5 New || 34 650 60 0.5 Chipped
14 350 90 0.8 New || 35 650 90 0.5 Chipped
15 1100 60 0.5 Broken|| 36 650 30 08 Chipped
16 1100 90 0.5 Broken|l 37 650 60 0.8 Chipped
17 650 60 0.5 Broken || 38 650 90 0.8 Chipped
18 650 90 0.5 Broken| 39 350 60 0.5 Chipped
19 650 30 0.5 Broken | 40 350 90 0.5 Chipped
20 350 30 0.5 Broken|| 41 350 90 0.8 Chipped
21 350 60 0.5 Broken| 42 350 60 0.8 Chipped
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Fig. 4 Details of cutting force signals at the moment
of tool breakage.(Cutting speed: 650 rpm,
Feed rate : 90 mm, Depth of cut: 1.0 mm)
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Fig. 5 Modeling results
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Fig. 6 Model parameters under different tool states.

(Cutting speed: 1100 rpm, feed rate:90 mm,
Depth of cut: 0.5 mm)
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Table 2 Classification results

(a) Vigilance number 0.96

Classd

Cut no. | Classl | Class2 | Class3 Class5 | Cutno. | Classl | Class2 | Class3 | Class4 | Class5
1 1 0 0 0 0 15 0 1 0 0 0
2 1 0 0 0 16 0 1 0 0
3 1 0 0 0 0 17 0 1 0 0 0
4 1 0 0 0 0 18 0 1 0 0 0
5 1 0 0 0 0 19 0 1 0 0 0
6 1 0 0 0 0 20 0 1 0 0 0
7 1 0 0 0 0 21 0 1 0 0 0
8 1 0 0 0 0 22 0 1 0 0 0
9 1 0 0 0 0 23 0 1 0 0 0

10 1 0 0 0 0 24 0 1 0 0 0
11 1 0 0 0 0 25 0 1 0 0 0
12 1 0 0 0 0 26 0 1 0 0 0
13 1 0 0 0 0 27 0 1 0 0 0
14 1 0 0 0 0 28 0 1 0 0 0
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(b) Vigilance number 0.9

Cut no. | Classl | Class2 | Class3 | Class4 | Class5 | Cut no. | Classl | Class2 | Class3 | Class4 | Classb
1 1 0 0 0 0 15 1 0 0 0 0
1 0 0 16 1
3 1 0 0 0 0 17 1 0 0 0 0
4 1 0 0 0 0 18 1 0 0 0 0
5 1 0 0 0 0 19 1 0 0 0 0
6 1 0 0 0 0 20 1 0 0 0 0
7 1 0 0 0 0 21 1 0 0 0 0
8 1 0 0 0 0 22 1 0 0 0 0
9 1 0 0 0 0 23 1 0 0 0 0
10 1 0 0 0 0 24 1 0 0 0 0
11 1 0 0 0 0 25 1 0 0 0 0
12 1 0 0 0 0 26 1 0 0 0 0
13 1 0 0 0 0 27 1 0 0 0 0
14 1 0 0 0 0 28 1 0 0 0 0

(¢) Vigilance number 0.99

Cut no. [Classl |Class2 [Class3 |Class4 | Classs | Cutno. | Classl | Class2 | Class3 | Class4 | Classs
1 1 0 0 0 0 15 0 0 0 1 0
2 1 0 0 0 0 16 0 0 1 0
3 1 0 0 0 0 17 0 0 0 1 0
4 1 0 0 0 0 18 1 0 0 0 0
5 1 0 0 0 0 19 1 0 0 0 0
6 1 0 0 0 0 20 1 0 0 0 0
7 1 0 0 0 0 21 1 0 0 0 0
8 1 0 0 0 0 22 1 0 0 0 0
9 1 0 0 0 0 23 1 0 0 0 0

10 1 0 0 0 0 24 1 0 0 0 ]
11 1 0 0 0 0 25 1 0 0 0 0
12 1 0 0 0 0 26 1 0 0 0 0
13 0 1 0 0 0 27 1 0 0 0 0
14 0 0 1 0 0 28 1 0 0 0 0
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