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Multi-objective optimization of solution process of 6111 aluminum alloy

FU Lei, WANG Bao-yu, MA Wen-yu

(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The tensile strength, elongation and Vickers hardness of 6111 aluminum alloy samples after different solution
treatment were measured by using the electronic tensile testing machine and the Vickers hardness tester. The data of
tensile strength, elongation and Vickers hardness were fitted by response surface methodology, using solution temperature
and solution time as independent variables. The optimization results of single-objective show that the tensile strength,
elongation and Vickers hardness reach the maximum, when the solution treatment process parameters are (540.8 C, 31.8
min), (496.6 C, 1.0 min) and (540.6 “C, 32.0 min), respectively, and the values of the tensile strength, elongation and
Vickers hardness are 299.12 MPa, 24.95% and 106.62. Optimization of response surface models are solved by
non-dominated sorting genetic algorithm II (NSGA-II), and the Pareto solutions of multi-objective model are obtained,
within which the solutions of better performance of aluminum alloy can be selected, and the corresponding solution
process parameters are gained simultaneously.

Key words: 6111 aluminum alloy; solution treatment; response surface methodology; non-dominated sorting genetic
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Table 2 Experimental design of solution treatment and results
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Table 1 Chemical composition of 6111 aluminum alloy (mass

fraction, %)

Si Fe Cu Mn Mg
0.7-1.1 0.40 0.5-0.9 0.15-045 0.5-1.0
Cr /n Ti Al
0.10 0.15 0.10 Bal.

o IS
g
E
g
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= [ )
15 mm 25 mm
55 mm
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Fig. 1 Dimension of tensile specimen

Solution treatment No.  Solution temperature/C

Solution time/min

Tensile strength/MPa Elongation/% Vickers hardness

1 480 10
2 480 20
3 480 30
4 500 1
5 500 30
6 520 1
7 520 10
8 550 1
9 550 20
10 550 45
11 550 60
12 580 30
13 580 45

14 600 30

211.54 23.31 71.03
223.32 22.35 73.14
242.56 21.23 78.04
206.82 24.53 69.06
265.77 21.61 86.76
212.09 22.67 72.28
248.58 23.13 82.52
220.56 23.06 76.56
290.37 18.09 103.35
279.51 17.13 94.23
267.31 18.72 85.95
258.19 16.57 81.52
234.58 15.23 75.86
214.42 10.68 72.53
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Table 3 Calculated correlation coefficient of RSM model

Mechanical property R
Ob 0.986
0 0.973
Hy 0.929
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*—Experimental result
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Fig. 2 Response surface and contour map of tensile strength
of 6111 Al alloy
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*—Experimental result
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Fig. 3 Response surface and contour map of elongation of
6111 Al alloy

*—Experimental result
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Fig. 4 Response surface and contour map of Vickers hardness
of 6111 Al alloy
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Fig. 5 Pareto objective functional values of 6111 Al alloy

Fz 4 ZHFRLT Pareto fift 4 1 FEAH
Table 4 Pareto solutions and independent variable values of

muti-objective optimization

Solution
Solution Solution
treatment - N A fix)
temperature/'C time/min
No.
1 540.8 31.8 39.12 —0.46 16.61
2 540.6 32.0 39.11 —0.47 16.62
3 531.6 25.5 32.63 091 13.51
4 530.7 19.8 23.50 1.84 9.93
5 527.7 15.5 11.52 2,79 5.14
6 502.1 29.8 7.69 3.16 —3.38
7 519.5 7.1 —21.64 491 -7.85
8 508.9 4.3 —40.37 6.13 -16.60
9 498.4 3.2 -51.38 6.74 —22.21
10 496.6 1.0 —56.61 6.95 —23.58

H531.6+ 530.7 F1527.7 °C, [EwIHE 2050 4 25.5,
19.8 F115.5 min. FHUEATEL, T kB AR 5 145
BB AFBARII LR T4 kB, I R kA
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PR A R ZR A, Pareto fiff/EH
B BRI £ (00) T AR BB BRORBR T 0 4 A R4
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g8 F R BN 5 2 0 A AL T 2280, i T2
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i

gt

1) DA 0 2 P R [ 5 ) oy [ A8 o, S s oy
JEE A 3N AR PR E (e Y [HIABE Y, 5 B2 ) S AH
FKRH N 0.986. 0.973 F10.929, W] kYT AL 3
TR 2R A S B e ot [l L 2 S B0 ATk

2) SR FH W TS R TR s B AR A R 2 [l
JEHEAT B HARAAL, 1E(540.8 °C, 31.8 min)[f A AL E]
Je, PrbramiEmoR, HAEN 299.12 MPa; 1£(496.6 C,
1.0 min)[f¥bHE 5, MEERE R, HALHN 24.95%;
7£(540.6 °C, 32.0 min) [H¥ AL B S, 4E QRIS ok,
54 106.62.

3) RH NSGA-ILXHrfrsmfis . i Fn e [l
FE 3 AN N S EAT 2 HARRAK, 345 T 18 0,260
MPa. 5=18%. Hy=90 [1] Pareto fift4E, JLrf 3 AV
Xof IV ) [ B 4 3l hy 531,64 530.7 A1 527.7 °C, [
RIS 43508 25.5 19.8 AT 15.5 min.
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