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Abstract

This research aims to study factors affecting surface roughness and determine the regression model to prodict surface
roughness in CNC precision milling process of 6061-T6 aluminum alloy using a technique of central composite design face-
centered. The study employed steepest ascent technique to identify levels of factors. The experimental results indicated that the
significant factors were main effect of depth of cut and feed rate. The regression model was established and used to determine the
minimum surface roughness with feed rate of 35.60 millimeter per minute and depth of cut of 1.875 millimeter. The regression
model used to predict the surface roughness is expressed as R, = 0.0279616+0.0244447(Depth of cut)-4.76401x10 *(Feed
rate)+8.22542x10_6(Feed ratez). After experiment verification, the significance and validity of the models were confirmed.
Therefore, it could be concluded that established regression model was the reliable tool to predict the surface roughness of 6061 -

T6 aluminum alloy.
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A C szaziaudn aaniau Guni) ¥)
(mm.) mm/min (mm/tooth)

053¢ 0 0 1.250 150
1 0.2 -0.2 1.375 135 (0.036) 50 0.096
2 0.4 -0.4 1.500 120 (0.032) 55 0.095
3 0.6 -0.6 1.625 105 (0.028) 63 0.098
4 0.8 -0.8 1.750 90 (0.024) 73 0.085
5 1.0 -1.0 1.875 75 (0.020) 88 0.092
6 1.2 -1.2 2.000 60 (0.016) 110 0.072
7 1.4 -1.4 2.125 45 (0.012) 147 0.064
8 1.6 -1.6 2.250 30 (0.08) 220 0.069
9 1.8 -1.8 2.375 15 (0.04) 440 0.078
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20 1 0 2.125 45 0.069
14 2 1 2.375 75 0.101
18 3 -1 2.125 75 0.087
13 4 1 1.875 75 0.083
15 5 -1 1.875 45 0.069
4 6 1 2.375 75 0.099
12 7 1 2.375 15 0.071

8 -1 2.375 45 0.087

9 0 2.125 45 0.086
16 10 -1 2.375 45 0.086
7 11 -1 2.125 15 0.081
8 12 -1 2.125 75 0.088
10 13 0 2.125 45 0.064
11 14 1 1.875 15 0.068
5 15 -1 1.875 45 0.070
17 16 -1 2.125 15 0.082
2 17 1 2.375 15 0.073
1 18 1 1.875 15 0.071
19 19 0 2.125 45 0.069
3 20 1 1.875 75 0.084
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Probability Plot of Surface Roughness
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aanusnsaagUdayailannmsnaassiany n1531A3181 AN sUsIU tBasIRdaU
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2. MIANHANNUUTUTIU (ANOVA) MINN 5
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Response Surface Regression: Surface Roughness versus Depth of cut, Feed rate
The analysis was done using coded units.
Estimated Regression Coefficients for Surface Roughness

Term Coef SE Coef T P

Constant 0.074631 0.002692 27.723 0.000
Depth of cut 0.003056 0.000919 3.323 0.005
Feed rate 0.003958 0.000919 4.305 0.001
Depth of cut*Depth of cut 0.000247 0.000737 0.335 0.743
Feed rate*Feed rate 0.001810 0.000737 2.455 0.028
Depth of cut*Feed rate 0.000844 0.000563 1.498 0.156

S = 0.00637047 PRESS = 0.00101328
R-Sq = 73.29%  R-Sq(pred) = 52.36% R-Sq(adj) = 63.75%

Analysis of Variance for Surface Roughness

Source DF Seq SS Adj SS Adj MS F P
Regression 5 0.001559 0.001559 0.000312 7.68 0.001
Linear 2 0.001200 0.001200 0.000600 14.79 0.000
Depth of cut 1 0.000448 0.000448 0.000448 11.04 0.005
Feed rate 1 0.000752 0.000752 0.000752 18.53  0.001
Square 2 0.000268 0.000268 0.000134 3.30 0.067
Depth of cut*Depth of cut 1 0.000023 0.000005 0.000005 0.11 0.743
Feed rate*Feed rate 1 0.000244 0.000244 0.000244 6.02 0.028
Interaction 1 0.000091 0.000091 0.000091 2.25 0.156
Depth of cut*Feed rate 1 0.000091 0.000091 0.000091 2.25 0.156
Residual Error 14 0.000568 0.000568 0.000041
Lack-of-Fit 3 0.000279 0.000279 0.000093 3.563 0.052
Pure Error 11 0.000290 0.000290 0.000026
Total 19 0.002127

Estimated Regression Coefficients for Surface Roughness using data in uncoded units

Term Coef
Constant 0.141507
Depth of cut -0.0629862
Feed rate -0.00141615
Depth of cut*Depth of cut 0.0158074
Feed rate*Feed rate 8.04246E-06
Depth of cut*Feed rate 0.000449983

PAMITND 5 wuhszeztloudnuazaantowdu  ANSwaraeNNVEIURD waztiadlAsIzaAN
JaeanianswasdanNnenUiy  tiasniien P-  wilsUsiudnese lagaadadsasiniliinadaniny
Value Hagnszauiadingy Jadesindu q Lidl  wenuiieen laesmnsni 6
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Response Surface Regression: Surface Roughness versus Depth of cut, Feed rate
The analysis was done using coded units.
Estimated Regression Coefficients for Surface Roughness

Term Coef SE Coef T P

Constant 0.075125 0.002277 32.988 0.000
Depth of cut 0.003056 0.000930 3.287 0.005
Feed rate 0.003958 0.000930 4.258 0.001
Feed rate*Feed rate 0.001851 0.000735 2.518 0.023

S = 0.00644125 PRESS = 0.000980651
R-Sq = 68.79% R-Sq(pred) = 53.90% R-Sq(adj) = 62.94%

Analysis of Variance for Surface Roughness

Source DF Seq SS Adj SS Adj MS F P
Regression 3 0.001463 0.001463 0.000488 11.76  0.000
Linear 2 0.001200 0.001200 0.000600 14.46  0.000
Depth of cut 1 0.000448 0.000448 0.000448 10.80 0.005
Feed rate 1 0.000752 0.000752 0.000752 18.13  0.001
Square 1 0.000263 0.000263 0.000263 6.34 0.023
Feed rate*Feed rate 1 0.000263 0.000263 0.000263 6.34 0.023
Residual Error 16 0.000664 0.000664 0.000041
Lack-of-Fit 5 0.000374 0.000374 0.000075 2.84 0.069
Pure Error 11 0.000290 0.000290 0.000026
Total 19 0.002127

Estimated Regression Coefficients for Surface Roughness using data in uncoded units

Term Coef
Constant 0.0279616
Depth of cut 0.0244447
Feed rate -4.76401E-04
Feed rate*Feed rate 8.22542E-06

dnSuFUiuUaNM S ULENIANNENNUSYBINA N BUAUBIN UMY TBH5: (Draper, N.R. 1981) 614
duns (1)

y = m x szgztloudn + n x aantdeu + C (1)
idia y A0 wanaUaUY, C, m U8 n AD MASTH

= v

Nnaums (1) sansadeaulagums (2)

y= Boxo + B1X1 + Bzxz (2)
dla y Ao namauaues, X, = 1, x,= szezllowdn, x, = dantew, B, = C uaz B, uaz B, As mNiunsszesdiuuy

p NG HGR PR RN Sansadsulanaanms (3)

r 2
y = BOXO + lel + BZXZ + BZZXZ (3)
laanudunusluguanmszasaanunenuiy (R) fusseziloudnuazdanieu lasaumsnnasalaa
aums (4)

R, =0.027961 6+0.0244447 (szoilaudn)—4.76401x10 ' (Sanilan)+8.22542x10 ° (Sanilau’) (4)

Lack of fit A P-Value LAY 0.069 JMINnnNszaULEdIAL AIUUTNMTIA0DENLANANINUINLTY
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Contour Plot of Surface Roughness vs Feed rate, Depth of cut
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manunenuifilannmnaass

Gl tiafuduna (lulaswas)
Ra; Ra, Ra, Ra

1 0.0687 0.0698 0.0688 0.0691
2 0.0694 0.0698 0.06216 0.0671
3 0.0921 0.0645 0.0678 0.0748
4 0.0784 0.0668 0.0645 0.0699
5 0.0625 0.0697 0.0654 0.0659
6 0.0863 0.0865 0.0815 0.0848
7 0.0666 0.0691 0.0681 0.0679
8 0.0647 0.0621 0.059 0.0619
9 0.0621 0.0765 0.0726 0.0704
10 0.0548 0.0619 0.0698 0.0622
11 0.0656 0.0619 0.0691 0.0655
12 0.0759 0.0765 0.0765 0.0763
13 0.0624 0.0711 0.0745 0.0693
14 0.0731 0.0759 0.0789 0.0760
15 0.0658 0.0676 0.1000 0.0778
16 0.0709 0.0702 0.0791 0.0734
17 0.0602 0.0621 0.0681 0.0635
18 0.0681 0.0645 0.0687 0.0671
19 0.0632 0.0649 0.0652 0.0644

ANNMENUTRAE 0.0698
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GER
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4@ P-Value 710U 0.383
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Iz Response optimizer Ltﬁiﬂ’ﬁﬂﬁqﬂlﬁléf’j’l
sumsanoasfianulinuldase duiudashms
NAFAUTNNAFIU
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=De
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anuvenuiRladnnmsunuaseauaseluaums
00008
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00008
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Summary for Surface Roughness

Anderson-Darling Normality Test

]

A-Squared 0.37
P-Value 0.383
Mean 0.069859
StDev 0.006000
Variance 0.000036
Skewness  0.835564
Kurtosis 0.496442
N 19
Minimum 0.061933

1st Quartile  0.065533
Median 0.069100

3rd Quartile  0.074800
Maximum 0.084767

95% Confidence Interval for Mean
0.066967 0.072751
95% Confidence Interval for Median

0.065821 0.073590
95% Confidence Interval for StDev
0.004533 0.008873

0.060 0.064 0.068 0072 0076 0.080 0.084
959% Confidence Intervals
Mean t > i
Median{ | |
0.066 0.068 0070 0074

37U 8 wannmInaassEuiuNamINaans

M15197 8 HAMTIATIEYME One-Sample T-test

One-Sample T-test : Surface Roughness

Test of mu = 0.0672 vs not = 0.0672
N Mean StDev SE Mean
19 0.06986 0.00600 0.00138

95% CI T P
(0.06697, 0.07275) 1.93 0.069

NN 8 M P-Value (iU 0.069 3N
seautiedhan Sewansumiaasasdanumenuin
#ldnnmsneasatitedudunalaifianuuandeiy
fueanuvenuiafladnnmsunuaaassaulade
uanehaumsanassldvninamanumenuiinla

ayluansive

Taseiiinadonseaiiounazarnnuueuin
Ao sasrflouuazszezdloudn drudaseaulad
snswa  dwmduszauiaseimanzanie sntlou
45.60 fadluasaaurd szaztdoudn 1.875
fadns Feaglidanumeuindge uazaums
annasfilfviursaianuveruialunisie

azgiililaNnaNNIe 6061-T6 lAasanms (4)
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