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Abstract: Surface roughness is one of the quality factors of molds that significantly influences the quality and performance
of the final product, so it should be carefully considered during mold processing. To achieve the targeted surface roughness
in mold machining, it typically relies on the utilization of cutting models for predicting cutting forces and experimental
studies to optimize machining conditions. Because it is difficult to intuitively deduce the correlation between cutting
variables and actual surface roughness, experiments are necessary in various machining conditions to adapt to changing
machining environments. Furthermore, in micro-machining environments like in this study, various factors such as the
difficulty of detecting micro-cutting signals, the lack of established standard models for predicting micro-cutting forces, and
increased machining costs make it challenging to secure surface roughness through interpretation models and experiments.
Moreover, although the trend of utilizing artificial intelligence in industries is increasing, there exist limitations in applying
the technology due to the extensive time, manpower, and costs involved in collecting high-quality data for constructing
artificial neural networks. In this study, to overcome these limitations and supplement experimental data necessary for Al
learning, a neural network conversion model was proposed to convert surface roughness prediction equations into
experimental data. Then, by using the converted formula data as similar-experimental data along with actual experimental
data, an artificial neural network model for predicting surface roughness was constructed. The predicted surface roughness
data obtained through the proposed method was compared and analyzed against actual surface roughness data. As a result,
the prediction model incorporating similar-experimental data achieved an accuracy improvement of over 36% compared to
models using only experimental data. The surface roughness prediction model with similar-experimental data is expected to
replace labor-intensive and costly activities of collecting experimental data in various machining environments.
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Table 1 Machining conditions

Axial
Depth of
Cut

. Radial
Inclination
Angle Depth of

[

Spindle
speed
[RPM]

Feed rate

[mm/min]

[ae, mm] [ap, mm]
0.002
0.0035

0.005

320
560
800

42,000 0.006
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R, =1.35355+0.0874799¢ + 0.000887986.S
—0.101501f, +7.92503f, —6.14303¢
—0.00320667¢° —1.20701 < 10752
+0.001223252 +9.91836 /2 +10.5552¢*
+8.53234 X 10~ °pS—9.68995 < 10~ '¢f,
+0.1357¢f, +0.00848098 ¢t +3.41726

X 107°Sf, —0.005760765f, —2.94529 < 10~ "5t
—0.101860/,f, +0.0719970f,t — 12.5766f,t

M

Table 2 Variables equation

Variable Factor
¢ Inclination Angle
S Spindle speed
t Axial Depth of Cut
S Radial Depth of Cut
fy Feed rate
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Fig. 6 Input and output parameters for convert model
(Theoretical model to Experiment)
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Table 3 Used fest data

No | Feed rate | Radial Depth of Cut Point time

1 320 0.0035 12050.758928571
2 320 0.005 8437.5

3 560 0.002 12051.964285714
4 560 0.0035 3444.681122

5 560 0.005 0

6 560 0.005 2410.714286

7 800 0.0035 2410.151786

8 800 0.0035 4820.303571

9 800 0.005 33744375

Table 4 Search range of hyper parameters

Value
Adams"?
0.0001~0.01 [step size 0.001]

Factor

Optimizer

Learning rate

Number of
hidden layers

1~5 [step size 1]

Max neuron 1~10 [step size 1]

Elu (hidden layers)"
Linear (output layer)

He normal (hidden layers)
Glorot normal (output layer)

0.0~0.4 [step size 0.1]
~3000

L2 normalization
Batch normalization

Activation

Weight initializer

Drop number per hidden layer
Epochs

ETC

Table 5 Search result of hyper parameters for convert
model

Factor Value

Learning rate 0.0074

Number of 3

hidden layers

Number of neurons per
hidden layer " [6, 4, 4]
Drop number per hidden layer | [0.0, 0.0, 0.1] (hidden layers)

Epochs 506
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Fig. 8 Input and output parameters for experimental
model
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Table 6 Search result of hyper parameters for
experimental model

Factor Value
Learning rate 0.0097
Number of 3

hidden layers

Number of neurons per
hidden layer

Drop number per hidden layer | [0.0, 0.2, 0.2] (hidden layers)
Epochs 451

[7, 7, 6]
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Fig. 9 Result of surface roughness for experimental
model
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Table 7 Machining condifion for similar - experimental
fransition data

Machining Condition Value
Feed rate 320, 330, 340 --- 800
Radial Depth of Cut 0.002, 0.0025, 0.003 -+ 0.005
Point time 1,2,3-9

Input Layer Hidden Layer Output Layer

O

Q= Q0

Feed Rate Radial Depth of Cut Point Time
[mm/min] [mm] [sec]
Experimental & Similar Experimental Transition Ra

Input Parameter

Output Parameter )
Fig. 10 Input and output
similar-experimental transition model
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Table 8 Search result of hyper parameters for
similar-experimental model
Factor Value
Learning rate 0.0043
Number of 3
hidden layers
Number of neurons per
hidden layer 8.8, 3]
Drop number per hidden layer | [0.0, 0.0, 0.2] (hidden layers)
Epochs 306
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