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Abstract

In intelligent machine tools, a computer based control system, which can adapt the machining
parameters in an optimal fashion based on sensor measurements of the machining process, should
be incorporated. In this paper, the technology for adaptively optimizing the cutting conditions to
maximize the material removal rate in face milling operations is proposed using the exterior
penalty function method combined with multilayered neural networks. Two neural networks are
introduced ; one for estimating tool wear length, the other for mapping input and output relations
from experimental data. Then, the optimization of cutting conditions is adaptively implemented
using tool wear information and predicted process output. The results are demonstrated with
respect to each level of machining such as rough, fine and finish cutting.
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Table 1 Learning data set for training the neural network

Input nodes

Output nodes

Learning conditions

AR model parameters Tool wear length Input node number e 10
Cutting conditions Qutput node number 1
Number of sample pattern 120
Learning rate z 0.2
Momentum rate 8 0.2
Shape factor 8, 1.0
Error bound 0.001

Wear length{mm)

Fig.
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Fig. 8 Results of tool wear length estimation with

(cutting speed : 650

pm, feed rate: 60 mm/min, depth of cut:0.5

mm)

Table 2 Learning data set for training the neural network

Input nodes

Output nodes

Learning conditions

Tool wear length Cutting force Input node number 4
Cutting conditions Cutting power Output node number 3
Surface roughness Number of sample pattern 120
Learning rate 7 0.6
Momentum rate 5 0.6
Shape factor 4, 1.0
Error bound 0.001
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Table 3 Network prediction of optimal inputs in case 1
Tool wear Optimal input values Predicted sensor output
length Cutting velocity Feed rate Depth of cut MRR Force Power
mm m/min(rpm) mm/min mm mm?®/min N kW
0.01 87.9(350) 100 1.0 6000 77 0.22
0.05 87.9(350) 100 0.84 5040 66 0.18
0.1 87.9(350) 100 0.70 4200 67 0.19
0.15 87.9(350) 100 0.68 4080 78 0.22
0.2 163.3(650) 99 0.66 3920 55 0.3
0.25 163.3(650) 90 0.61 3294 57 0.3
0.3 163.3(650) 90 0.54 2916 63 0.3
Table 4 Network prediction of optimal inputs in case 2
Tool wear Optimal input values Predicted sensor output
length Cutting velocity | Feed rate | Depth of cut | MRR | Force | Surface roughness | Power
mm m/min({rpm) mm/min mm mm?/ N Ra:um kW
min
0.01 163.3(650) 95 0.82 4674 57 0.7 0.30
0.05 163.3(650) 100 0.77 4620 54 1.32 0.30
0.1 163.3(650) 100 0.7 4200 45 1.47 0.27
0.15 163.3(659) 100 0.68 4080 47 1.29 0.28
0.2 163.3(650) 99 0.66 3920 55 0.54 0.30
0.25 163.3(650) 90 0.61 3294 57 0.31 0.30
0.3 163.3(650) 90 0.54 2916 63 0.56 0.30
Table 5 Network prediction of optimal inputs in case 3
Tool wear Optimal input values Predicted sensor output
length Cutting velocity Feed rate MRR Force | Surface roughness | Power
mm m/min(rpm) mm/min mm?®/min N Ra:pym kW
0.01 163.3(650) 100 3000 35 0.84 0.17
0.05 163.3(650) 98 2940 34 1.0 0.19
0.1 276.5(1100) 63 1890 33 0.53 0.3
0.15 276.5(1100) 52 1560 34 0.61 0.3
0.2 163.3(650) 48 1440 43 0.67 0.23
0.25 163.3(650) 42 1260 46 0.18 0.23
0.3 163.3(650) 37 1100 49 1.0 0.23
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