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The development of IOT technology and artificial intelligence technology is promoting the smartization of manufacturing system.

In this study, data extracted from acceleration sensor and current sensor were obtained through experiments in the cutting process

of SKD11, which is widely used as a material for special mold steel, and the amount of tool wear and product surface roughness

were measured. SVR (Support Vector Regression) is applied to predict the roughness of the product surface in real time using

the obtained data. SVR, a machine learning technique, is widely used for linear and non-linear prediction using the concept
of kernel. In particular, by applying GSVQR (Generalized Support Vector Quantile Regression), overestimation, underestimation,
and neutral estimation of product surface roughness are performed and compared. Furthermore, surface roughness is predicted
using the linear kernel and the RBF kernel. In terms of accuracy, the results of the RBF kernel are better than those of the
linear kernel. Since it is difficult to predict the amount of tool wear in real time, the product surface roughness is predicted

with acceleration and current data excluding the amount of tool wear. In terms of accuracy, the results of excluding the amount

of tool wear were not significantly different from those including the amount of tool wear.
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T2 03] 4 20,000rpm, 5 22/18.5kw, 540]
4= X40m/min, Y40m/min, Z40m/min, ©]%712] X1050mm,
Y600mm, Z550mm, Ho]EZ7]= 1200x600mm, NC
Controller Fanuc31i-Bo|t}.

<Figure 1> Machining Center for Experiment
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<Figure 2> Experimental Equipment Configuration

i
1%
i
W
y A
rﬁ
r__)‘:‘
=
jant
oo
=
w2
=5
=
Q..
jani
[0}
3
w
=
il
U:

4ch dynam1c signal

lyzer(AT-9837, 24bit, 51.2kHz sampling rate)?} A5

(DC~AC 50KHz, 100A(1)&200A(2)E AAatqich At

7HeA B = AE A o7 st AFrS s
ARt ~HEY dolH R &9at] 93 4%
JEE <Figure 2>} o] YERSITH

AA

R Nlm

22 ABuRY

A AEE T ERE B3 E AR Bl
AHEEE SKDITOR A =9 Agg—% <Tab1e >3} 2t}

<Table 1> Chemical Components of Material

C|Si|Mn| P S |Cu| N |Cr |[Mo| V
% [ 1.4910.33 ] 0.25 [0.024]0.001| 0.11 | 0.49 |11.24| 0.83 | 0.24

A A 7 <Figure 3> o] FHAZ A7]E 50x40%
40mmeolH, 7pEEEl= g Y Fito] HEEH A
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<Figure 3> Experimental Material

ataict

Flat Endmill, Spindle 2,000rpm, Feed rate 1 OOOmm/mm_‘Zi
S 0%, 155, 205, 254, 302, 354, 405, 455, 505714
5% el ZF B bezeadio R 50709 e ARt
ol APAMEE GAAERE 47 5704 ThEs i

<Table 2> Experimental Conditions for Machining

Cutting condition Value
Spindle revolution(rpm) 2000
Feed rate(mm/min) 1000

Depth of cut(mm) 0.5
10(flat-endmill)

Too diameter(mm)

Flute of Endmill 2
Cutting direction upward
Measurement Interval(min) 5

Sk #de CNC Type M HE 24 7] VIKI331
= Measuring Range 300x300x150mm, Vision System <] AF%F
© <Table 3>3 2t} WAGAE 7Hg § BAEE ThE
NTZE AN dolHE $-8 1, 2 a9N 7t 7 &
o] mEAE S cCD7HM et} LDAIA 2 <Figure 4>}
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{Table 3> Lens Specification

Specification Value
Optical magnification 0.7x~4.5x
Screen magnification 35%~225x%

Working Distance 92mm
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<Figure 5> Experimental Equipment for Surface Roughness
=49 X5 100mm, Z15 Smm, +3% X3 0.05/m
Z1% 80nm(Smm ™ ¢), 8nm(0.5mm™H %)), 0.8nm(0.05mm*H
M), 225 1um S4= 0.75mN, 7545 XF0~80mm/s, 225
0~20mm/s, ZAAPHS] £65°, 4S5 0.02, 0.05, 0.1, 0.2mm/s

olth. <Figure 6> EWAA7] SAHAE UehlUh
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<Figure 6> Measurement Location for Surface Roughness
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<Figure 8> Scatter Plot for Tool Wear and Product
Roughness (Ra)

v]o]¢= A7 4(Pearson Correlation Coefficient) 2}
A& A 3k 71 (Correlation Test)[9] 2 <Figure
9>l Folz] 9k

Pearson's product-moment correlation

data: toolSwear and tool$Ra
t = 7.4802, df = 48, p-value = 1.355e-09
alternative hypothesis: true correlation is not equal to 0
95 percent confidence interval:
0.5721512 0.B8403887
sample estimates:
cor
0.7336387

<Figure 9> Correlation and Pearson’s Correlation Test Result
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Coefficients:
Estimate std. Error t value pri=|t|)

(Intercept) 0.67767 0.04164 16.27 < 2e-16 #**#
wear 0.37975 0.05077 7.48 1.36e-09 ##**
signif. codes: O *#%*' 0,001 °**=' 0.01 “*' Q.03 ‘.’ 0.1 * " 1

residual standard error: 0.09786 on 48 degrees of freedom
Multiple rR-squared: 0.53383, Adjusted R-squared: 0.5286
F-statistic: 553.95 on 1 and 48 DF, p-value: 1.355e-09

<Figure 10> Linear Regression Analysis Result for Tool
Wear and Product Roughness(Ra)

A2 y=0.678+0.380x0H, yAAZH} 7] &7]=
Fol4FE a=005004 p<0.050] B2 BF EAHOR F
ojgk Ao vehth 3449 RYAFE »2=0.538¢]
o} AN Y T Eg Y AEEH A 7| (Ra)= <Figure
11>0] Fo4 gt

Ra=0.678+0.380"wear

Ra

wear

<Figure 11> Linear Regression for Tool Wear and Ra
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X—py

Ox

X =

AZNA, py, o ZH72F X Bt (average), X o] £
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BeFs x3elA] 2 9o asket A 247 1kl
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tlo]E] & o] &3k A3 o] A= <Table 4>0 Fo14

{Table 4> RMSE, MAE, MAPE values for RBF kernel by
p,, p, €xcluding tool wear)

Sujin Choi -

P Py pgr‘;tr;]mei'ar RMSE | MAE | MAPE
0.5,0.5 =2 0.165 0.103 10.756
0.99,0.01 =2 0.210 0.152 15.756
0.01,0.99 c=2" 0.140 0.112 11.416
olwfo] 7} vlo]eld AA| gk} o =7k <Figure 12>
Folx Sk w7t HE AAgS yEhH 3719 AA

Jm' rlo

52 pp pol M dSEE YEdth

Ra and prediction by Linear Kernel

Legend
100- p1=0.01,p2=0 99
— p1=05p2:05

— p1=0.99,p2=0.01

Ra

Index

<Figure 12> Real values of validation data and predicted
values for linear kernel by p,, p, (excluding

tool wear)
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A7 dola FrkEL dolEE
OB o] &3 Ao AIE <Table 559

EF 459 A5

FolA Atk

<Table 5> RMSE, MAE, MAPE values for RBF kernel by
py> p, (including tool wear)

P By pgr‘;tr'n";?('er RMSE MAE MAPE
0.5,0.5 c=2" 0.178 0.115 11.882
0.99,0.01 c=2 0.170 0.132 13.834
0.01,0.99 c=2" 0.158 0.136 14.774

C‘ﬂ%%}i’- <Figure 13>l
Ueb™ 3709 A

Ra and prediction by Linear Kernel

Legend
p1=0.01p2=0.99

— pi=0.5p2=0.5

— p1=0.99,p2=0.01

Ra

100-

4 8 12

<Figure 13> Real values of validation data and predicted
values for linear kernel by p;, p, (including

tool wear)
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<Table 6> RMSE, MAE, MAPE values for RBF kernel by
py, P, (€Xcluding tool wear)

P, Optimal 1 gyop MAE MAPE
’ parameter
0.5,0.5 =2 0.085 0.073 7.653
y=2
0.99,0.01 C:; 0.095 0.072 7.335
e
— od
0.01,0.99 C*; . 0.090 0.077 8.215
=
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ojuf ] 7} vlo|el HA 7k o S5k <Figure 14>0
Folz] givk Wit e AAE vehdv 3789 A4
= Dy pzoﬂ T’q'% O:ﬂ

Ra and prediction by RBF Kernel

Legend
p1=0.01,p2=0.99

— p1=05p2=05

— p1=0.99,p2=0.01

Index

<Figure 14> Real values of validation data and predicted
values for RBF kernel by p,. p,(excluding

tool wear)

RBF Adoln FFvlRss X3t 4% o=2° .,
2, y=27% ., 2° FolA RMSE#S HARE 3k vl
Mg S A8 AFdolHE o83 Jdre 4
I} <Table 7>0] Foi# Ut}

<Table 7> RMSE, MAE, MAPE values for RBF kernel by
Py, Py (including tool wear)

Optimal
PoPs | patameter RMSE MAE | MAPE
05,05 o=z 0.084 0.072 7497
7=2
0.99,0.01 0:;'2 0.088 0.068 6.860
Y
_od
0.01,0.99 0’; ) 0.088 0.078 8329
Y

oluje] 7} dlolEl ™ AAFT o =72 <Figure 15>0]
FojA ek Wk e AAGE vl 3719 HA
E& p, pol WE 35S HERdTh
RBFAL S Abgate Aol FFrtrdole 9]
ARE o ZF9] FErd & JFE MAA FE o=

®Belth & MHy7)dy RBFAEA FFrlRdolE g

£}

Egoiite AFEudre] o5 orde 2 9
F& mAA e Aoz uolt

FTuh dolE e 23} off= o] Asmd 2
dFE MAA g oz welt

Ra and prediction by RBF Kernel

Legend
p1=0.01p2=0.99

= p1=0.5,p2=05

— p1=099,p2=0.01

8
Index

<Figure 15> Real values of validation data and predicted
values for RBF kernel by p,. p,(including

tool wear)
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