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A Multi-objective Optimization of Milling Parameters
for 6061 Aluminum Alloy

Tang Chao-lan, Xie Yi
(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: The selection of parameters in aluminum alloy processing is a key factor that affects the efficiency and
quality of aluminum alloy parts processing, reducing manufacturing costs and improving equipment service life.
Multi-objective optimization of the parameters of 6061 aluminum alloy milling process was studied. With the five
process parameters of spindle speed, feed speed, axial feed, radial feed and tool diameter as experimental factors, a
five-factor and five-level orthogonal experiment of 6061 aluminum alloy high-speed milling was performed. The
experimental results were analyzed by GA-BP prediction model to establish the non-linear relationship between
milling parameters and surface roughness. On this basis, a multi-objective optimization model was developed
aiming at the maximum material removal rate and the lowest surface roughness, and the model was solved by the
gamultiobj function based on the NSGA-II algorithm. The results show that the optimized process parameters of 6061
aluminum alloy high-speed milling range at the spindle speed of 12000~13000 r-min"', with radial feed of
0.19~0.21 mm, feed speed of 1272~1300 mm-min ', axial feed of 6~8 mm, and tool diameter of 4 mm.
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Table1 Milling orthogonal test results

Wi JIRER BT ‘ISR s R B E R REFE R R
55 D/mm n/(10° rmin™) a/mm b/mm v/(mm-min™) (P 341E)R /um O/(mm* min™")
1 4 9 0.10 1 900 5316 90
2 4 10 0.15 2 1000 5.949 300
3 4 11 0.20 4 1100 4.873 880
4 4 12 0.25 6 1200 5.160 1 800
5 4 13 0.30 8 1300 4.554 3120
6 6 9 0.15 4 1200 5.083 720
7 6 10 0.20 6 1300 5.032 1560
8 6 11 0.25 8 900 6.093 1 800
9 6 12 0.30 1 1000 4775 300
10 6 13 0.10 2 1100 5.909 220
11 8 9 0.20 8 1000 4.667 1 600
12 8 10 0.25 1 1100 5.362 275
13 8 11 0.30 2 1200 5.304 720
14 8 12 0.10 4 1300 5.979 520
15 8 13 0.15 6 900 4851 810
16 10 9 0.25 2 1300 5.324 650
17 10 10 0.30 4 900 5.453 1080
18 10 11 0.10 6 1000 5352 600
19 10 12 0.15 8 1100 4411 1320
20 10 13 0.20 1 1200 4.632 240
21 12 9 0.30 6 1100 4703 1980
22 12 10 0.10 8 1200 5.583 960
23 12 11 0.15 1 1300 5.101 195
24 12 12 0.20 2 900 5.138 360
25 12 13 0.25 4 1000 5.153 1000
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Table 2 Prediction compared with experimental data of surface roughness

R R GA-BP# ! BP#E A SVMAE Y
TomE FHXT IR 22/ % TomE FHXT IR 22/% TRE AHX IR 2%

1 5.633 2 5.639 6 0.11 5.574 9 -1.03 5.444 5 -3.35
2 5.5550 5.758 8 3.67 52583 —5.34 54596 —0.82
3 53750 53630 -0.22 4.9254 -8.36 52164 -1.11
4 4.561 0 4.7752 4.70 4363 4 —4.33 4944 4 8.41
5 4.408 0 4.661 8 5.76 3.904 0 -11.43 4.900 1 11.61
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Table 3 Pareto front-end BC correspondence parameter table

RIS IR BEAADMm FREE /(e min ) R[S B a/mm AL Eb/mm 45 v/(mm min™) R R, /um #HE 2 5 O/(mm® min™)

1

O 0 N L AW

4.01 12 999.91 0.195 7.99 1292.68 3.68 1976.87
4.10 12 999.87 0.194 7.98 1293.12 3.66 1953.63
4.08 12 999.89 0.211 7.99 1299.28 4.00 2326.08
4.03 12 999.64 0.201 7.99 1288.41 3.78 207291
4.04 12 999.79 0.199 7.98 1299.24 3.79 2083.67
4.00 12 999.81 0.201 7.99 1295.13 3.79 2098.16
4.04 12 999.90 0.195 7.99 1297.53 3.70 2002.57
4.09 12 999.88 0.195 7.99 1290.36 3.67 1961.81
4.11 12 999.66 0.192 7.97 1272.69 3.54 1830.88
4.10 12 999.85 0.206 7.99 1293.76 3.89 219531
4.00 12 999.83 0.199 7.99 1298.58 3.78 2088.99
4.00 12 999.88 0.202 7.99 1299.55 3.84 2147.12

0.21 mm, 45 HE1 272~1 300 mm-min', i) 345
F£6~8 mm, JJ B H1%4 mm.
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