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Prediction of Surface Roughness using double ANN

and the Efficient Machining Database Building Scheme in High Speed Machining

Jong-Youl Won*, Sung-Ho Nam®, Song-Min Yoo,

Seok-Woo Lee”, Hon-Zong Choi"

r Abstract |

the proposed approach.

In this paper, a double artificial neural network (ANN) approach and the efficient machining database building scheme
are presented for the prediction of surface roughness in high-speed machining. In this approach, 4 machining parameters
and used for the prediction of cutting force components, and the combinations of 4 parameters and the predicted cutting
force components are finally used for the prediction of surface roughness. The experimental results comparing the these
results with the predicted values using simple 4 input nodes have been also investigated to verify the effectiveness of

Key Words :  Artificial neural network (4179, High Speed Machining (374;71-2), Machining Condition (7122 7), Surface Roughness
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Fig. 1 Diagram of double ANN architecture
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Fig. 2 The photograph of an test
specimen

Table 1 Factors and levels for design of experiments

Factor Level
. Machining
Sign parameter 0 1 2 3
A | Spindle speed | 54 544 | 39 000 | 35,000 | 40,000
[rpm]
g | [Feedrate 15500 | 3000 | 4,000 | 5,000
[mm/min] ’ ’ ’ ’
Depth of cut
. 1 3 | o
c o] 005 | 0 03 5
X-Y pitch
D 0.0 1015 | 02
[mm] o
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Table 2 Optimized learning condition for the 1st stage ANN

Back-propagation

Leaming algorithm learning algorithm
Number of learning 47%5
patterns

Number of Input 4(A,B,CD)
nodes of Hidden 5%5

each layer Output 3(F, F, F)
Leaming rate, 4 0.01
Momentum, » 0.9
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Table 3 Results of the prediction of cutting force components

Cutting force components Machining

No Predicted components [N] Prediction error rate [%] »
F, F, F, F, F, F condition

1 49.552 36.726 46.513 2457 4.949 10.776 A2B1C2D1
2 37.502 29.303 38.579 2.893 3.134 2.850 A2B2C0D1
3 45.715 33.454 43.217 14.330 14.299 5.860 A3BI1COD2
4 34.198 20.217 28.892 61.890 38.761 39.499 A0BOCODO
5 61.236 49.155 65.708 7.453 3.909 0.990 A2B2CiD2
6 56.821 41.652 58.658 11.502 20.221 6.699 A3B2C2D2
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Table 4 Optimized learning condition for the 2nd ANN

. . Back-propagation
1n . .
Learning algorithm learning algorithm
Number of learning 475
patterns
Number of Input 7 (A, B, C, D, Fp Fy F,)
nodes of Hidden 5%5
each layer Output 1(R)
Leaming rate, o 0.01
Momentum, 7 0.9
5 . . . 350
i -o—RealRa
—=— PredRa1 (without cutting force) - 300
4 —x— PredErr1 (without cutting force)
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Machining condition number
(a) Without cutting force data
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(b) With cutting force data

Fig. 3 Prediction of surface roughness for each case with or
without cutting force data
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Fig. 4 Prediction results of surface roughness for
combinations of machining parameters using double ANN
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