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Features Extraction of Tool Wear and its Detection using Neural Network

Ol ZY* (L PASAL), ESF(ZESU)
HoYoung Lee*(Daewoo Motors), DongWoo Cho(Pohang Univ}

ABSTRACT

Al6061, SB41 and SM45C was used for developing tool wear monitoring system in face milling. First of all, Neural networks
of which inputs are 8" order AR model parameters, frequency band energies, cutting conditions was used to monitor tool wear
for each material. Finally, A unified neural network, which has tensile strengths of each material as an additional input, was
constructed to consider the effect three materials on the features of tool wear. It was verified that tensile strength is the one of

properties of workpiece materials.
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Table 1 Mechanical properties of workpieces

Tensile yield]  Tensile Elongation
Material strength strength
(MPa) (MPa) (%)
Al6061-T4 | 110 024 175 o) 4 16 o] 4+
SB41 216 )4 402-510 23 o}
SM45C 343 o] A} | 569 o] A} 20 o] 4}

Table 2 Cutting conditions for tool wear experiments

Cutting Feed rate Depth of Cut
speed (mm/min) (mm)
(rpm)

240 80, 120 0.5,1.0
360 40, 80, 120, 160 05,10
450 80, 120, 160 05, 1.0
540 40, 80, 120,160 05,10
630 80, 120, 160 05,10
720 40, 80, 120, 160 0.5,1.0

Table 3 Performances of the tool wear detection
(In case that features of tool wear are AR model parameters,

frequency band power and cutting condition)

Structure of New tool Worn tool
hidden layer
Al6061 14-12 98.3% 100%
SB41 14-8 98.4% 97.2%
SM45C 14-8 94.9% 95.3%
spitkdte
- Fuce cutter
P Workpiece
—TIE]_‘e/ Fixture
Dynamometer
[ Table ]
Charge

Amplifie
mplifier Oscilloscope
Tape Recorder

Preprocessor

Personal Computer

l

I Artificial Neural Network ]

]

Decision Making

Fig. 1 Schematic diagram of the experimental setup




Fig. 3 Frequency band energy under different materials
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Fig. 2 Variation of AR parameters for three materials
(Cutting speed : 720rpm, Feed rate : 120mm/min, Depth of cut : 1.0mm)
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Fig. 5 Results of tool state classification using a unified neural network



