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Prediction of Cutting Force using Neural Network and Design of Experiments

Y. M. Lee(Mech. Eng. Dept., KNU), B. H. Choi’, T. S. Song, S. I. Kim, D. S. Lee(Graduate School, KNU)

ABSTRACT

The purpose of this paper is to reduce the number of cutting tests and to predict the main cutting force and the
specific cutting energy. By using the SOFM neural network, the most suitable cutting test conditions has been found.
As a result, the number of cutting tests has been reduced to one-third. And by using MLP neural network and

regression analysis, the main cutting force and specific cutting energy has been predicted. Predicted values of main
cutting force and specific cutting energy are well concide with the measured ones.
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Fig. 1 SOFM model Fig. 2 Architecture of the MLP
with two hidden layer
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Table 1 Cutting test conditions

m\

E

‘m

Cutting speed 80, 140, 200 m/min
Depth of cut (DOC) 08 16 24 mm
Feed rate 0.098, 0.296, 0.493 mm/rev

cutting speed(V)| depth of cut{d) | feed{f) | cutting area(fxd)
80 08 0.098 0.0784
a0 0.8 0.296 0 2368
80 08 0.493 0 3944

[ e 0.088 01968

40 1.6 0.296 0 4736
80 1.6 0.483 0 7888
80 24 0.088 02352
30 2.4 0.286 0.7104
80 24 0.483 11832
140 X 0.098 00784
140 08 0.296 0 2368
140 98 0.493 0.3944
140 16 0.098 0 1568
140 1.6 0.296 Q4738
14D 16 0.493 0 7888
140 24 0.098 0 2352
140 24 Q.296 07104
140 24 0493 1.1832
200 0.8 0098 0.0784
220 08 0.296 ©0.2368
200 038 0.493 0.3844
200 1.6 0.098 0 1568
200 16 0.296 0.4736
200 16 0.493 0.7868
200 24 0.098 0 2352
200 24 0296 0.7104
200 24 0 493 1.1832
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(a) (b)
Fig. 3 Self organization of two dimentional and
selection of cutting test conditions(a) and Graph of
SSE(sum of squre of error)(b)
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Table 2 Selected cutting test conditions using SOFM

cutting speed(v) depth of cut(DOC) feed(f)
80 o8 0 098
80 08 0 483
80 2.4 0 483
140 B C 098
140 V& 0098
140 16 ¢ 493
140 24 G 493
200 B 0088
200 24 0.493

Fig. 3@@)°llA] 27702] el 5 mapitel ¥
Ao, deogl s} mapo] M= HAR = B2, 18]
3 map’l weight7} 21 9l9] il o2 3h7 o]
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Table 3 Results of cutting test

cutting speed(v) [depth of cut(DOC)! feed(f) Fy
a0 ne 0 088 238.72
20 [oX:) 0.493 850.02
80 2.4 0.493 2503 49
140 0.8 0.098 236.1C
140 1.8 0.088 459 .48
140 16 Q493 1433 84
e 24 0 493 2329 81
200 k] 0.098 PEERA)
200 24 0.493 226723
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Table 4 Analysis of variance

Source | DF %um of Mean Square |F Value| Pr >F
qures
Modal 2 7674727 3837363 3618.37 < 0001
Errar 6 6363.1393€6 1060.92323
C Total 8 7681090

Table 5 Regression coefficient and F-test of variable

Variable Parameter Estimate F Value Pr>F
Inlercapt 142 23 8.79 2.0003
fottxd} 2106 62 2482 65 < 01
fullxy! 384 312 C 0018
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Main cutting force, F/
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(a) Cutting speed : 80 m/min
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(b) Cutting speed : 140 m/min
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02 03 o
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(¢) Cutting speed : 200 m/min
Fig. 4 Measured and Predicted main cutting force using
MLP and Regression model, Fy(N) vs. feedrate,
fmm/rev)  with cutting speed(m/min) of (a)80
m/min, (b)140 m/min, (c)200 m/min
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(a) Cutting speed : 80 m/min
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(b) Cutting speed : 140 m/min
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(c) Cutting speed : 200 m/min
Fig. 5 Predicted specific cutting energy using MLP and
Regression model, u(N/mm?2) vs. feedrate,
fimm/rev) with cutting speed(m/min) of (a)80
m/min, (b)140 m/min, (c)200 m/min
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