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Application of Box-Behnken Experimental Design with Response Surface Methodology

for Prediction of Surface Roughness in Boring Turning of Carbon Steel Grade S45C
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Abstract

Nowadays, carbon steel grade S45C is now widely used in industry which is brought through the workpiece
turning process. And it is necessary to know how to determine the appropriate turning factor. The aim of this research
was to apply the Box—Behnken experimental design with response surface methodology for predicting the surface
roughness in the boring of carbon steel grade S45C. The factors used in the experiment consisted of the speed of 800 —
1,700 rpm, feed rate of 0.06 — 0.10 mm/rev, depth of cut of 0.25 — 0.35 mm, and the overhang of 25 — 45 mm. The
experiment showed that the main factors affecting the surface roughness were speed, feed rate, depth of cut, and
overhang. The surface roughness value decrease with the depth of cut, feed rate, and overhang was lower and increase
the speed. The optimum condition was the speed of 1,700 rpm, feed rate of 0.06 mm/rev, depth of cut of 0.25 mm, and
the overhang 25 mm. The surface roughness was 1.6387 [m. In the experiment, the results were confirmed. The Mean
Absolute Percent Error was 1.92 percent, which is less than 5 percent, so it is within the acceptable range. From the
analysis of insert wear behavior by making holes in carbon steel grade S45C at optimum turning conditions with a
turning time of 487 minutes, the insert was found to have wear on the surface or flank wear caused by strong friction

between the workpiece and the turning insert.
Keywords: Boring turning; Response surface methodology; Surface roughness; Carbon steel
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Response surface regression: Ra versus Speed, Feed rate, Depth of cut, Overhang

Analysis of variance for Ra

Source DF AdjSS AdjMS F-Value P—Value
Regression 14 4.68666 0.33476 302.75 0.000
Linear 4 4.60951 1.15238 1042.17 0.000
Speed 1 4.22809 4.22809 3823.76 0.000
Feed rate 1 0.16450 0.16450 148.77 0.000
Depth of cut 1 0.07521 0.07521 68.02 0.000
Overhang 1 0.14170 0.14170 128.15 0.000
Square 4 0.06223 0.01556 14.07 0.000
Speed X Speed 1 0.00973 0.00973 8.80 0.012
Feedrate X Feed rate 1 0.03431 0.03431 31.03 0.000
Depth of cut X Depth of cut 1 0.03087 0.03087 27.92 0.000
Overhang X Overhang 1 0.03793 0.03793 34.30 0.000
2-Way Interaction 6 0.01493 0.00249 2.25 0.109
Speed X Feed rate 1 0.00002 0.00002 0.01 0.906
Speed X Depth of cut 1 0.00002 0.00002 0.01 0.906
Speed X Overhang 1 0.00000 0.00000 0.00 0.988
Feed rate X Depth of cut 1 0.00740 0.00740 6.69 0.024
Feed rate X Overhang 1 0.00027 0.00027 0.25 0.629
Depth of cut X Overhang 1 0.00723 0.00723 6.53 0.025
Error 12 0.01327 0.00111
Lack—of-Fit 10 0.01244 0.00124 2.99 0.277
Pure Error 2 0.00083 0.00042
Total 26 4.69993

S=0.0332527 R-Sq=99.72% R-Sq(adj) =99.39% R-Sq(pred) = 98.44%
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General regression analysis : Ra versus Speed, Feed rate, Depth of cut, Overhang

Coefficients

Term Coef SE Coef T-Value P-Value
Constant 2.3287 0.0192 121.29 0.000
Speed —-0.59358 0.00960 -61.84 0.000
Feed rate 0.11708 0.00960 12.20 0.000
Depth of cut 0.07917 0.00960 8.25 0.000
Overhang 0.10867 0.00960 11.32 0.000
Speed X speed 0.0427 0.0144 2.97 0.012
Feed rate X Feed rate 0.0802 0.0144 5.57 0.000
Depth of cut X Depth of cut 0.0761 0.0144 5.28 0.000
Overhang X Overhang 0.0843 0.0144 5.86 0.000
Speed X Feed rate -0.0020 0.0166 -0.12 0.906
Speed X Depth of cut -0.0020 0.0166 -0.12 0.906
Speed X Overhang 0.0002 0.0166 0.02 0.988
Feed rate X Depth of cut —0.0430 0.0166 -2.59 0.024
Feed rate X Overhang 0.0083 0.0166 0.50 0.629
Depth of cut X Overhang -0.0425 0.0166 -2.56 0.025
S =0.0332527 R-Sq=99.72% R-Sq(adj) =99.39% R-Sq(pred) = 98.44%

{ T W a Q°’ (Y] a a 4 o
NA5 19N 4 ﬂTﬁﬂJ“lJﬁ5T;T“VI‘ﬁellfJ\WI'JLL“IJﬁﬂﬁi$Gluﬂ'li']mﬁ'l%ﬂﬂTﬁﬂﬂﬂ@ﬂﬁ]%VlﬁjﬁﬂJﬂWﬁﬁ]'la@\‘lLLUU Full

Model Aaaun15N (1)

Ra= 2.3287-0.59358(Speed)+0.11708(Feed rate)+0.07917(Depth ofcut)+0.10867(Overhang)+0.0427(Speed X
Speed)+0.0802(Feed rate X Feed rate)+0.0761(Depth of cut X Depth of cut)+0.0843(Overhang X Overhang)—
0.0020(Speed X Feed rate)-0.0020(Speed X Depth of cut)+0.0002(Speed X Overhang)—0.0430 (Feed rate
x Depth of cut)+0.0083 (Feed rate X Overhang)—0.0425(Depth of cut X Overhang) (1)
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General regression analysis : Ra versus Speed, Feed rate, Depth of cut, Overhang

Coefficients

Term Coef SE Coef T-Value P-Value
Constant 2.3287 0.0168 138.48 0.000
Speed -0.59358 0.00841 —70.60 0.000
Feed rate 0.11708 0.00841 13.93 0.000
Depth of cut 0.07917 0.00841 9.42 0.000
Overhang 0.10867 0.00841 12.92 0.000
Speed X Speed 0.0427 0.0126 3.39 0.004
Feed rate X Feed rate 0.0802 0.0126 6.36 0.000
Depth of cut X Depth of cut 0.0761 0.0126 6.03 0.000
Overhang X Overhang 0.0843 0.0126 6.69 0.000
Feed rate X Depth of cut —0.0430 0.0146 -2.95 0.009
Depth of cut X Overhang —0.0425 0.0146 -2.92 0.010
S =10.0291263 R-Sq=99.71% R-Sq(adj)=99.53% R-Sq(pred) =98.96%
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Ra = 2.3287-0.59358(Speed)+0.11708(Feed rate)+0.07917(Depth of cut)+0.10867(Overhang)+0.0427(Speed X Speed)
+0.0802 (Feed rate X Feed rate)+0.0761(Depth of cut X Depth of cut)+0.0843(Overhang X Overhang)—0.0430
(Feed rate X Depth of cut)-0.0425(Depth of cut X Overhang) 2)
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Contour Plot of Ra vs Depth of Cut, Feed Rate
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Contour Plot of Ra vs Overhang, Depth of Cut
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Response optimization

Parameters
Response Goal Lower Target Upper Weight Import
Ra Minimum 1.716 1.716 3.196 1 1

Global solution

Speed = 1,700 Feed rate = 0.06 Depth of cut = 0.25 Overhang = 25

Predicted response

Ra=1.6387 Desirability = 1.0000

Composite desirability = 1.000
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(Speed, rpm) (Feed rate, (Depth of cut, (Overhang, AINMIMUIN Actual Ra (d) (Error) MXIOO
mm/rev) mm) mm) Ra Cal. (F) le.=d-F|] e

1 1,200 0.08 0.45 25 2.502 2.553 0.051 1.998
2 1,700 0.06 0.25 25 1.637 1.683 0.046 2.733
3 800 0.1 0.45 35 3.279 3.227 —0.052 1.611
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99U (Total) 19.23
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