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Surface Roughness for the Machining
of Inclined Planes of Aluminum
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Surface roughness is an important factor to evaluate machined parts in precision machining. This i1s the major measure

of surface quality. This research sets up experiments to select the factors which affect surface roughness in the machining
of inclined planes of aluminum. The levels of the selected experimental factors are chosen to evaluate the relationship be-

tween the surface roughness of the machined parts and machining parameters. This is to find out the optimal machining

condition in the inclined planes. The objective of this research is to improve the surface roughness of the machined prod-
ucts by using the ANOVA analysis. The factors for the experiments are cutting speed, feed rate, cutting depth, and cut-
ting width. The experimental levels of the factors are two for the cutting depth and width. For the cutting speed and

feed rate, their levels are three because they are more sensitive for the surface roughness than the other two. The in-

clined planes are machined by 5-axis machining equipment.
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{Table 3> Surface roughness, 0 degree

specimen (0 degree)
. _ Ra (um)
RUM | ot 40rder | RPM | Feed | CUtting | Cutting Mid | Bot
Order depth | width } Top de | tom
1 27 2000 | 400 | 31.75 | 0.254 | 0.362 | 0.464 | 0.648
2 22 1500 | 800 19 0.508 | 0980 { 1.487 | 1.330
3 25 2000 | 400 | 19 0.254 | 0.378 | 0.816 | 0.591
4 17 1500 | 600 19 0.254 | 0.578 | 0.688 | 0.563
5 11 1200 { 800 | 31.75 | 0254 | 1.186 | 1.815 | 1.866
6 33 2000 | 800 | 19 | 0.254 | 0.689 | 1.002 | 0.859
7 14 1500 | 400 | 19 0.508 10397 | 0.775 | 0.382
8 12 1200 | 800 | 31.75 | 0.508 | 1.522 | 2.036 | 1.913
9 30 2000 | 600 | 19 0.508 | 0.449 | 0.787 | 0.550
10 1200 | 600 | 19 0.508 | 0.929 | 1.268 | 1.220
11 1200 | 400 | 19 0.508 | 0.536 | 0.855 | 0.602
12 35 2000 | 800 | 31.75 | 0.254 | 0.725 | 1.226 | 1.042
13 36 2000 | 800 | 31.75 | 0.508 | 1.024 | 0.950 | 1.015
14 5 1200 | 600 | 19 0.254 | 1.200 | 1.284 | 0.957
15 23 1500 | 800 | 31.75 | 0.254 | 1.100 | 1.279 | 1.066
16 21 1500 | 800 | 19 0.254 | 1.017 | 1.389 { 1,024
(Table 4> Surfac98e roughness, 7 degree
specimen (7 degree)
. : Ra (um)

gr'é’gr StdOrder | APM | Feed %‘gg&g C\;’it;'trr‘lg Top | M | Bol
dle tom

37 27 2000 | 400 | 31.75 | 0.254 | 0.316 | 0.871 | 0.396
38 22 1500 | 800 | 19 0.508 | 0.941 | 1.293 | 1.137
39 25 2000 | 400 | 19 | 0.254 | 0.323 { 0470 | 0.422
40 17 1500 t 600 | 19 0.254 | 0488 | 1321 { 0.525
41 11 1200 | 800 | 31.75 | 0.254 | 1.865 | 1.623 | 1.707
42 33 2000 1 800 | 19 | 0254 | 0.802 | 0.899 | 0.678
43 14 1500 | 400 | 19 | 0.508 | 0.403 | 0.855 | 0.440
44 12 1200 | 800 | 31.75 | 0.508 | 1.820 | 1.815 | 1.971
45 30 2000 | 600 | 19 | 0.508 | 0.560 | 1.408 | 0.609
46 6 1200 | 600 | 19 0.508 | 0.859 | 1.178 | 1.029
47 2 1200 | 400 | 19 0.508 | 0.531 | 0.775 | 0.771
48 35 2000 | 800 | 3175 | 0.254 | 0.633 | 1.176 | 0.705
49 36 2000 | 800 | 31.75 | 0.508 | 0.722 | 0.738 | 0.837
50 5 1200 | 600 | 19 | 0.254 [ 0.693 | 0.701 | 0.919
51 23 1500 | 800 | 31.75 | 0.254 | 0.994 | 1.049 | 1.147
52 21 1500 | 800 | 19 | 0.254 | 0.996 | 1.222 | 0.982
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{Table 5> Surface roughness, 15 degree

specimen (15 degree)

Rum Cutting | Cutting Ha (um)
Order StdOrder | RPM |Feed depth | width | Top Mid | Bot
dle | tom
73 27 2000 | 400 | 31.75 | 0.254 | 0.488 | 0.462 | 0.714
74 22 1500 | 800 | 19 | 0.508 |0.959 | 1.431 | 1.121
75 25 2000 | 400 { 19 | 0.254 |0.520 | 0.905 | 0.523
76 17 1500 | 600 | 19 | 0.254 |0.741 | 1.236 | 0.657
77 11 1200 | 800 | 3175 | 0.254 | 0.901 | 1.693 | 1.763
78 33 2000 | 800 | 19 | 0.254 10.577 | 1.190 | 0.727
79 14 1500 | 400 | 19 | 0.508 | 0.609 | 1.129 | 0.541
80 12 1200 | 800 | 31.75 | 0.508 | 1.180 | 1.619 | 1.686
§1 30 2000 | 600 | 19 | 0.508 | 0.423 | 0.665 | 0.508
82 1200 | 600 | 19 | 0.508 | 0.804 | 1.645 | 1.051
83 1200 | 400 | 19 | 0.508 |0.630 | 1.375 | 0.522
84 35 2000 | 800 | 31.75 | 0.254 | 0.687 | 0.740 | 0.833
85 36 2000 | 800 | 31.75 | 0.508 | 0.859 | 1.126 | 0.945
86 5 1200 | 600 | 19 | 0.254 |0.957 | 1.281 | 1.075
87 23 1500 | 800 | 31.75 | 0.254 | 0.940 | 1.536 | 1.055
88 21 1500 | 800 | 19 | 0.254 | 0.816 ] 0.874 | 1.117
(Table 6> Surface roughness, 23 degree
specimen (23 degree)
. _ Ra (um)
DU Istdorder | RPM | Feed %‘gﬂ%g outthg Top | Mid | Bot
dle | tom
109 27 2000 | 400 | 31.75 | 0254 10.215(0439 |0.347
110 22 1500 | 800 | 19 0.508 | 0.853 [ 1.317 | 0.936
111 25 2000 [ 400 | 19 | 0.254 | 0.4720.559 | 0.574
112 17 1500 | 600 | 19 | 0.254 |0.598 | 0.996 | 0.712
113 11 1200 | 800 | 31.75 | 0.254 | 1.312]1.217 | 1.450
114 33 2000 | 800 | 19 | 0.254 |0.553 | 0.760 | 0.534
115 14 1500 | 400 | 19 | 0.508 | 0.707 | 1.069 | 0.498
116 12 1200 | 800 | 31.75 | 0.508 | 1.915 | 1.627 | 1.803
117 30 2000 | 600 | 19 | 0.508 | 0.452|0.637 | 0.519
118 6 1200 [ 600 | 19 | 0508 |0.729 | 0.688 | 0.868
119 1200 | 400 | 19 | 0.508 |0.465]1.225]0.518
120 35 2000 | 800 | 31.75 | 0.254 | 0.682 | 0.909 | 0.924
121 36 2000 | 800 | 31.75 | 0.508 | 0.547 | 0.577 | 0.702
122 3 1200 | 600 | 19 | 0.254 ]03.743] 0.892 | 0.952
123 23 1500 | 800 | 31.75 | 0.254 [0.792 ] 0.738 | 0.879
124 21 1500 | 800 | 19 | 0.254 | 0.892 | 1.107 | 0.986
<Table 7> ANOVA Table, O degree, top
Factor DF 1-Seq SS | Adj MS | F P
RPM 2 | 1.54288 | 0.77144 | 31.88 | 0.000
Feed 2 | 2.02830 | 1.01415 | 41.90 | 0.000
RPM * Feed 4 1026604 | 0.06651 | 2.75 | 0.049
Error 27 | 0.65345 | 0.02420
Total 35 | 4.49067

S = 0.155569, R-A & = 85.45% R-AFHT73) = 81.14%




{Table 8> ANOVA Table, 7 degree, top

Factor DF | Seq SS | Adj MS F P
RPM 2 | 151719 | 0.75860 | 97.80 | 0.000
Feed 2 ] 2.66349 1 133174 | 171.68 | 0.000
Cutting depth 1 | 0.03881 | 0.0388] 5.0 0.035
Cutting width 1 | 0.03770 | 0.03770 | 4.86 | 0.038
RPM x Feed 4 1.11421 | 0.27855 | 35.91 0.000
RPM x Cutting depth | 2 | 0.06036 | 0.03018 | 3.89 0.035
Error 23 | 0.17841 | 0.00776
Total 35 | 5.61017
S = 0.0880734, R-A&F = 96.82% R-AFHT7F) = 95.16%

<Table 9> ANOVA Table, 15 degree, top

Factor DF | Seq SS | Adj MS F P
RPM 2 | 0.67892 | 0.33946 | 21.04 | 0.000
Feed 2 | 1.17959 | 0.58979 | 36.56 | 0.000
RPM * Feed 4 | 023414 | 0.05854 | 3.63 | 0.017
Error 27 | 0.43559 | 0.01613
Total 35 | 2.52824
S = 0.127016, R-A| = 82.77% R-AH+4) = 77.67%

{Table 10> ANOVA Table, 23 degree, top

Factor DF | Seq SS | Adf MS | F P
RPM 2 | 1.25395 | 0.62698 | 34.27 | 0.000
Feed 2 | 1.65407 | 0.82703 | 4521 | 0.000
RPM * Feed 4 | 082152 | 0.20538 | 11.23 | 0.000
Error 27 ¢ 0.49392 | 0.01829
Total 35 | 4.22345
S = 0.135252, R-A&F = 88.31% R-ATHTE) = 84.84%
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<Figure 6> Surface roughness from various cutting
conditions, 0 degree
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<Figure 7> Surface roughness from various cutting
conditions, 7 degree
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<Figure 9> Surface roughness from various cutting condi-
tions, 23 degree
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<Table 11> Surface roughness at 1,200 RPM
HAN | Ol | A | E=HAN | AAL | BA | SHYE | 0|24
&= | &5 | 0] = 2t | 21X | (Ra) (Ra)
1,200 | 400 | 19.00 | 0254 | 0% | 3= | 0.719 | 0.247
1,200 | 400 | 19.00 | 0508 | 0= | = | 0.855 | 0.247
1,200 | 400 | 3175 10254 ) 0% | = | 0885 | 0.247
1,200 | 400 | 3175 10508 | 0= | = | 0536 | 0.247
<Table 12> Surface roughness at 1,500 RPM
A 015 | EA | EM | ZAH| EA | EN3) 01EY
= | §5 | 20| = Zt | 21X | (Ra) | (Ra)
1,500 | 400 {3175 | 0254 | 0= | = | 1.111 | 0.158
1,500 | 400 | 19.00 | 0254 | 0= | = | 0.755 | 0.158
1,500 | 400 | 31.75 | 0508 | 0% | = | 0.386 | 0.158
1,500 | 400 | 19.00 | 0.508 | 0= | = | 0.775 | 0.158
{Table 13> Surface roughness at 2,000 RPM
BA | 015 | BA | BA | BAH | BAY | -4 OI8w
£z | S5 | 20| = 2t | /Xl | (Ra) | (Ra)
2,000 | 400 | 19.00 | 0254 | 0= | = | 0.816 | 0.088
2,000 | 400 | 19.00 | 0.508 | 0= | = | 0.710 | 0.088
2,000 | 400 | 3175 | 0508 | 0% | = | 0.405 | 0.088
2,000 | 400 | 31.75 | 0254 | 0% | = | 0464 | 0.088
6. 2
. = [
6.1 2= x|Mo] HAF T
Aag ol o)$&n AA Zo), A Fo S1FEY
of We WAL 9%E EAF A% OGP pe
AFE dAvt dalHe] FHEYE ZF A H 9o A
FWHAHEYY 1E BEX & 0FE & H+ A F
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o wi vieh 2o BE AALEAN ool HA

{Table 14> Specimen of optimal cutting condition
(0, 7, 15, 23 degree)

Degree| RPM | Feed | depth
0 1,500 | 400 31.75

7 2,000 | 400 19.00

15 1,500 | 400 31.75

23 | 1,500 | 400 | 31.75
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