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Abstract: This research designed a Box-Behnken experiment and analyzed it using surface response
methodology to predict the boring process of carbon steel grade S20C. The experimental variables
encompass speed from 800 to 1,700 rpm, feed rate from 0.04 to 0.08 mm/rev, depth of cut from 0.10 to
0.50 mm, and overhang length from 45 to 55 mm. The experiment found that all the main factors
affecting the surface roughness values were speed, feed rate, depth of cut, and overhang length. The
surface roughness values increase significantly as speed decreases. Moreover, the surface roughness
tends to decrease when decreasing the feed rate, depth of cut, and overhang length. The optimal
conditions for surface roughness (R,) of 2.267 micrometers were speed of 1,685 rpm, feed rate of 0.04
mm/rev, depth of cut of 0.39 mm, and overhang length of 45 mm. The experimental results were
confirmed by comparing the predicted values with the actual measured values from the experiment, with
a maximum surface roughness prediction error of 5%. The comparison of the experimental results
revealed that the mean absolute percentage error value of the surface roughness was 3.16 percent,

which is less than the specified error value and remains within the acceptable range.

Keywords: Box-Behnken; Boring; Speed; Overhang length; S20C carbon steel
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Sequential Lack of Fit Adjusted Predicted
Source
p-value p-value R-Squared R-Squared
Linear < 0.0001 0.0274 0.8507 0.8108
2FI 0.8870 0.0183 0.8229 0.6734
Quadratic < 0.0001 0.4212 0.9734 0.9364 Suggested
Cubic 0.3324 0.4633 0.9789 0.7877 Aliased
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Source Sum of Squares DF Mean Squares F-Value P-Value
Model 9.66 14 0.69 74.30 < 0.0001 Significant
A-Speed 8.08 1 8.08 870.00 < 0.0001*
B-Feed 0.086 1 0.086 9.23 0.0089*
C-Depth of cut 0.22 1 0.22 23.49 0.0003*
D-Over Hang 0.15 1 0.15 16.62 0.0011*
AB 1.122E-003 1 1.122E-003 0.12 0.7333
AC 0.021 1 0.021 2.25 0.1560
AD 0.077 1 0.077 8.29 0.0121*
BC 2.704E-003 1 2.704E-003 0.29 0.5980
BD 0.036 1 0.036 3.91 0.0681
CD 3.423E-004 1 3.423E-004 0.037 0.8505
A? 0.95 1 0.95 102.00 < 0.0001*
B? 1.816E-004 1 1.816E-004 0.020 0.8908
c? 5.757E-003 1 5.757E-003 0.62 0.4442
D? 0.022 1 0.022 2.36 0.1465
Residual 0.13 14 9.288E-003
Lack of Fit 0.100 10 9.995E-003 1.33 0.4212 Not Significant
Pure Error 0.030 4 7.519E-003
Cor Total 9.79 28

nanewma * wnsivinniinadennuuusziiadwiituieny (P<0.05)

Perturbation
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Sources Boring Turning
Std. Dev. 0.099

Mean 3.15

CV. % 3.15

PRESS 0.40

R-Squared 0.9779

Adj R-Squared 0.9719

Pred R-Squared 0.9591
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3Uuuy (Full Model) s'ﬁmumia]zag'sl,ugﬂl,l,uumad
Regression Equation in Coded Units %aa:ﬁad
TR EVRIIZA UL T8 Immgaqmumu
a1 1 mﬁwqmumuﬁw -1 LAZANAIINAIDE

UNUAIE 0 LEAIAIFNNITN (1)

R,= 13.93550 - 09.75413E - O003(A) +
5.06389(B) - 1.62868(C) - 0.23269(D) -
1.86111E - 004(AB) + 8.02778E -
004(AC) +  6.16667E-005(AD) +

0.65000(BC) - 0.095250(BD) + 9.25000E
- 003(CD) + 1.88724E - 006(A2) +
0.13229(B?) + 0.74479(C?) + 2.32667E -
003(D?) (1)
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R,= 10.38959 - 9.46695E - 003(A) + 0.42250
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Predicted Actual Error R-Sq (pred) Predicted
Model R-Sq %
(um) (um) % (um)
Full Model 2.280 2.433 0.306 99.72 93.44
R
: Reduced Model 2.267 2.433 0.875 97.79 95.91
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Desirability

B: Feed Rate

{ A‘ a { a v v
E‘.I_Iﬁ 5 ﬂﬁ‘V\lwummauauamm@mmaxﬁmmmwaaﬂaa Elsl,uﬂ’ﬁﬂﬁdﬂ’l’]uﬁiul,ﬂgﬂﬂﬂ']ﬂ']guFJ‘LL L1N3a S20C

A1519N 7 @ham’s:ﬁmm:mmad@hmmm?m:ﬁamﬁﬂ

Speed Feed Rate Depth of Overhang Prediction Desirability
(rpm) (mm/min) Cut (mm) (mm) (R,) (%)
1,685 0.04 0.39 45 2.267 100

@1579% 8 mil,ﬂ%'zmLﬁﬂummwm‘gms:ﬁaﬁﬁwmmmrwaum‘mmamm:ﬁwmwm?mizﬁamﬁaﬁi’@vlﬁﬁu

Depth Actual
Speed Feed Rate Overhang R, Cal Error el
No of Cut R, — x100
(rpm) (mm/rev) (mm) (F) e, =d,-F, d
(mm) (d) !
1 1,200 0.06 0.5 45 3.05 3.198 0.148 4.628
2 1,700 0.04 0.3 50 2.426 2.538 0.112 4.413
3 1,200 0.06 0.5 55 3.307 3.286 -0.021 -0.639
4 800 0.04 0.3 50 4.117 4.052 -0.065 -1.604
5 1,200 0.08 0.1 50 2.979 3.125 0.146 4.672
6 1,200 0.04 0.3 45 2.716 2.893 0.177 6.118
7 800 0.06 0.5 50 4.328 4.289 -0.039 -0.909
8 1,700 0.06 0.3 45 2.349 2.503 0.154 6.153
9 1,200 0.08 0.3 55 3.165 3.288 0.123 3.741
10 1,700 0.06 0.1 50 2.297 2.418 0.121 5.004
Total 31.576
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