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Burdening optimization of special aluminum alloy with melting loss and
storage costs

ZHANG Hao', XU Zhi-gang, WANG Jun-yi
(Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110169, China)

Abstract: Burdening calculation is the important preparatory process for special aluminum smelting, which affects
product quality finally. To improve production quality and burdening efficiency and reduce the costs of material and
storage logistics, a burdening optimization model of special aluminum alloy is established with melting loss of chemical
elements and cyclic utilization of waste products. For multi-objective and nonlinear characteristics of this model, the
real code rule is designed with the amount of raw materials and charging time as decision variables, and the
multi-objective algorithm based on NSGA-III is proposed to solve it with the distributed estimation strategy. The model
and algorithm are verified by means of the simulation experiment with real production data. The experimental result
shows that this optimization model and the proposed algorithm meets the requirements of enterprises and can solve the
burdening optimization problem for special aluminum alloy. The proposed algorithm can obtain better solutions
compared to NSGA-III when solving the model.

Keywords: burdening optimization; special aluminum alloy; distributed estimation; NSGA-III; melting loss;
multi-objective optimization
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step 2.
3 SER WA R
3.1 SRR

NEGAE BT B (R R AR & S LR A A R DL K
BT e v SR S0k 1 A v, AR ER A n T Ak
SERCARL T 2R B AT SEG. 7R SR R, A6 I
Fefhda & &5 05 6 Fhoo &, 75 2 8 M RHZEAT T
KL BB REE G=16000kg, A =25.6kg/ JG, i
KRB 18] _E R BRI = 65 min A1 @ = 80 min, Bk
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=1 94.62 94.69 99.81 91.59 96.7 94.63 98.97 94.6 0 0
=2 0.10 0.09 0.08 0.16 0.1 0.11 0.08 0.12 0 0
=3 0.25 0.23 0.11 0.4 0.3 0.24 0.95 0.22 0 0
=4 0.32 0.31 0 0.51 0.1 0.31 0 0.32 100 0
=5 4.50 4.46 0 7.2 2.5 4.52 0 4.54 0 100
=6 0.21 0.22 0 0.14 0.3 0.19 0 0.2 0 0
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w1 w2 ws waq ws we w7 ws
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T, 39000 10000 2000 500 4000 4000 1000 150
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j=1 j=2 j=3 j=4 j=5 j=6 J=7 j=8

tl; 45 15 30 20 35 25 50 40
tu; 65 35 50 40 55 45 70 60
=5 MRMEHERA I T/ kg

91 92 93 04 95 96 67 98
6.73 3.52 3.52 3.52 2.82 2.82 8.62 7.29
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j=1 j=2 j=3 j=4 j=5 j=6 j=7 j=8
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HV I AR 318 P AT 22 B Gt L, a5 7 fir
7. BHORE BB v AL, 723X PR T REPEA 48 AR b, Rl A
EDA TR & ) NSGA-IIT 57 L NSGA-II. MOEA /D 5
NSGA-IT R IR ) 45 R E LA

®T AMEETYIRBERIEE

Hik RIE FEIE 07 %

NSGA-II 0.5617 0.6982 2.3147¢-3

sp MOEA /D 0.726 4 0.8591 0.0016

NSGA-III 0.5373 0.6472 0.0030
NSGA-III-EDA 0.2747 0.3049 5.248 4e-4
NSGA-II 0.8846 0.8324 4.5879e-3

HY MOEA/D 0.9287 0.8950 0.0004
NSGA-III 0.9049 0.8537 9.024 4¢-4
NSGA-III-EDA 0.9513 0.9217 1.268 2¢-4

NT HE— B NSGA-IT. MOEA / D NSGA-III
5 NSGA-II-EDA %5 4 AL R iR Pl e & S0k}
AL R ) 2 5%, 5K FH Kruskal-Wallis H A 5% 7 =4S
501X 4 P EETEVEREVRAN FE AR SP AT HV 1 S B 2
TEREZE R, HE D T
k
H= J\f(!\?m;nz_?’m_l)' (15)
Horbton, NEAMEAREUEAN 2, N AFTE FEAREUE
N5, RZ N FEAR I BUERR AT 7. i T 4%
HEIZAT 20 IR VAN $E 4% SP ATHV JLF- %A A [F)
R, AT B HIEATIBIE.
FEAR LG, n, =20, N =4 x 20=280. £8 N
Z B AR EVEMEREITAN 845 SP AT HV S AL (R ) 5 35 1
455, NSGA-II-EDA [P R FIIK T o Ath 3 FhAa0v2:, K B
NSGA-III-EDA ] SP f1 HV s Aft (i HE 7 B AR 52 175 7%
& Kruskal-Wallis H Ilfi 741 %, 15 | SP Al HV AL E
1 pfE, p < 0.05 3 B 4 Fh LSRR RE PR & S 0 R
AR R 5 A B ZE 5.
#8 SPAIHVMETNIEIRNRENLER

NSGA-II MOEA/D NSGA-III NSGA-III-EDA P

SP 891 1408 731 210
HV 886 1386 657 311

4 T YL (01 215K AR I 18] 4 3% 9 B, 46 SRR
Fin & SRCRHMUAE R T, B T MOEA /D SR fif 8 2
W12, FLAth, 3 i B VS 45 SR AR T T AH 22 N K

1.38e-14
3.32e-12
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50.82 93.27 4836 49.95

fill& EDA SRIE J5, £ P9 M BE VR 48 FR 3R 15 1
$ 5 771, NSGA-TI-EDA $i: L 248 8L ) NSGA-TIT 1)
HHE RO SR T 25 75 P35 SR AR IS 7] 7 171, EDA SR
BRI N ASE A5 S AfE B ] ) S Tl 184, 2 78 ] 5% 52 Y [
W AT ARG - N TR ).

NSGA-II. MOEA /D. NSGA-II PA & NSGA-III-

EDA K fif 5 F 5 & & BORML AL A 28 453 21 1) Pareto ~F
W1 3 Fras. BB 3 0] 0L, NSGA-TIT-EDA 5% b3
by 3 Fop B2 4 AT A B 5 50, WSSO T BE AR . S5
45 R IGAE T NSGA-II-EDA [ 1E i 1 AAg 261, kXt
T AR 3 AL 2 B AR FE, SRABRFFIES & S D
MRS 2 35 SR B 4

210 N EF0F 1% - 1) R AR S 4, NSGA-III-
EDA 55— RIS AT 3R A3 1 10 ZH 45 P 65 B 15 I e e
HE FHREEMTal—NMEER KR & F3)
THEIRAR — AW AT 135 75 %2 30 min, 17738 H NSGA-

300 4 NSGAI II-EDA H3EAE ST 5, 735 75 £ 49.95 s B
B oo 5 MoEAID R3S L ATATAR. LAt th T %M 58 T e 2 e
2 150 O NSGA-III-EDA FARE R B FR A A, 5 N THROE S SR E, K

10305 M R0 7 Bk E W B i SN ECR TR TAE &=,

3 >4 HBEAE 7 A= A, ml 0L, B R es & S Be Rk
- 48 °Y R i o
VAR 20 46 fi/kg AT 7 A b S PR 75 SR, BT v 1R SR R S VR AR
e . H 2 7 A ek R S AT B % 3 3t 25
3 NSGA-III 5 NSGA-III-EDA 4 Pareto B3 BEL 5 B e T AR, ST AL A
£10 —RTITHEM 10ASMBEIRGER AR
1 2 3 4 5 6 7 8 Q f1 f2 f3
x 43521.71 13362.15 5540.03 1054.64 7974.37 5845.82 1530.29 323.64 16 000
S1 47.61 24.67 209.39
t 58.22 15.07 37.67 22.07 43.69 32.74 55.08 47.59 74.64
x 43 820.63 13221.78 5108.63 1218.92 9115.75 6809.23 2637.10 382.87 16000
Sa 49.13 24.42 191.71
t 46.87 23.74 40.49 32.83 46.26 34.33 60.48 53.90 69.69
T 41774.19 12239.06 5265.32 875.30 13922.01 9117.85 3081.80 373.82 16 000
Ss 51.21 23.87 191.83
t 47.96 18.65 35.62 29.53 40.19 31.68 60.76 50.45 69.07
x 44022.11 14077.54 525191 813.18 8848.38 8187.60 3270.49 350.32 16000
Sa 50.47 25.77 236.74
t 59.51 25.40 38.39 27.53 47.03 34.40 67.88 4472 72.66
x 42593.98 14 149.69 5109.02 1206.87 11632.13 8542.68 3740.66 311.69 16 000
Ss 51.71 26.18 250.51
t 54.34 26.42 40.81 27.48 42.36 32.92 66.07 55.81 66.34
x 44767.25 13000.61 4680.28 1342.09 9002.12 8579.18 224328 283.73 16000
Se 50.15 2541 212.55
t 52.47 26.75 37.62 27.25 48.89 35.12 65.72 53.77 74.18
x 42 578.91 12230.87 4666.71 647.29 11733.58 9421.65 3920.50 310.01 16000
Sr 50.76 23.86 191.19
t 45.59 26.26 34.96 26.08 41.06 31.42 58.76 4926 76.20
x 42350.40 14511.09 4879.12 1609.99 9122.64 7967.77 2072.75 216.60 16 000
Sg 49.68 24.19  182.03
t 47.26 22.11 36.84 27.77 4373 28.40 54.41 48.99 67.02
x 43 508.76 11941.31 420243 1020.55 8618.43 7713.25 2587.75 234.09 16000
So 48.08 23.73 198.06
t 50.64 24.67 34.27 24.88 47.72 31.48 63.94 43.11 65.66
x 43 540.64 13288.51 4744.86 517.10 8853.29 9911.08 3912.59 298.23 16 000
S10 50.67 23.74 190.99
t 4594 18.04 37.80 24.23 42.16 29.31 63.29 51.78 65.63
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