#=H 25 p M

55 36 5 10 1 Vol. 36 No. 10
2019 4 10 A Control Theory & Applications Oct. 2019

7 T AR R R R se AP AL

5k UL W, KT —

(PERRERE VT E SRR, I YRR 110016; SRR HLas A SR RERIERETRIFLRR, 10T YRk 110016)

HE: FREE B R AR A S A T 08 Tp, EER W o H L7 1A 7= 2R 77 B T & 4SS R A2 o,
BT 72 A 2R 2 B DL R L& R /INAS — S B ] 52 4L 1 Ja 55 3R A DA S 2 485 AN A0 258 i), AR S0 FE AR IR T
i VLA i DA BT B2 U ) S5 24 B 2% A, S ST DUt /NP IBORH B KT SRR o LB B AR 2L AR A A Y.
Sy MTIZAE T 4R r, SR CATT B2 T T 40 Bl A R S A0 8 P SE AU A R 2 H — ol 2 U i At 22 4 25 W R T T
BENT AT OR AR, RN R TR E T G EIE TR 7. W T S AR PR O S, S 4 R 1%
RN FITHE 0 SR AA SV RE 05 O A s A AR B AL AR A 8, 95 B Ao lb SE B 7 2R

FKEEIR): AL T SR R TR, RS RN T R R b

IR Wik, BV, ik T —. B BT AR R A AR 2 A A Ak, i B 5 A, 2019, 36(10): 1730 —
1737

DOL: 10.7641/CTA.2019.80994

Furnace-grouping optimization with order-grouping
for special aluminum ingots

ZHANG Hao!, KU Tao, ZHANG Ding-yi

(Shenyang Institute of Automation, Chinese Academy of Science, Shenyang Liaoning 110016, China;
Institutes for Robotics and Intelligent Manufacturing, Chinese Academy of Sciences, Shenyang Liaoning 110016, China)
Abstract: In special aluminum alloy production, smelting for aluminum ingots is the first process that affects produc-
tion efficiency and product quality in subsequent processes directly. To solve the problems that furnace-grouping plan is
made inefficiently and furnace-grouping results are not optimal in the smelting process because of product variety and
different batch size, furnace-grouping optimization model that is formulated with two objectives of minimizing the number
of smelting batch and maximizing occupation ratio of ingots in orders is built with some constraints such as capacity of
melting furnace and order-grouping rules in this paper. According to the characteristic of the model, real number coding
rule is employed taking the percentage of order allocation as decision variable. A novel Particle Swarm Optimization
algorithm is proposed with Von Neumann Topology to solve this optimization model, and locally convergent operator is
employed to improve optimizing capacity in this algorithm. The simulation experiment is designed on the basis of the
actual data in production. The experiment results show that this optimization model and the proposed algorithm can solve
the furnace-grouping optimization problem for special aluminum ingots and meets the requirements of enterprises.
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Fig. 1 Furnace-grouping of Production orders and batching for each furnace
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Table 1 Pseudocode for batching strategy

PP IGHAT TR
j=0,k=0
WHILE (j < M)
1) BOEH AR, ALY
2) r=0.
PR FET BT AT AT AR
WHILE(r < s;)
IF (u;k == uj,)
1) WAL, = 1), + e + 8 + b3
2) WHEAMBSEE R, = d;jl hpuly.
END IF
IF (u)), # wjp or U, < lmax or g < gmax)
1) TRAFEHREEE R,
2) BB =k + 1.
W = wirs U =
END IF
BAE AT R IS B
r=r+1
END WHILE
BB PR AR
Jj=j+1
END WHILE
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Tia(t +1) =zia(t) +via(t + 1), a7

Horp: w A BB, o MR8 IE R 2, rand A
JRMN[0, 1] 2 I3 51 53 A FIBEA AL

Z T B AR E R RS BE L A ) R
—/MIEAE SRR 2 B R I, B — R T AR

PRI, ARG T R IR AR 21 4 R
PERE. Juhn b FO0HERE, it % HI% RN R R LA,
AR SORLF 4 S PR T U 4K 2 (R T #h Ih 25
U2 IR R SR ST BN D RN B S
DA/ INP OSBRI R R AT BB 5 o5 I LI it
W5, SR FNAR) SRR UL AR ARG L.



1734 oA R 5 N A

36 4

4.1.1 AL

P RERE RS ) 2 BRI T B AR R

[E B AEAT A, Atk 17 5 AR kL1 3

5, JEEIUE BRL T IME B AU B F HRES,

T F=AE HAHZUT . AT PR A5 M st 2 F SR A iR
FErroRL 7 18] AT & e RAIAZ HOF R, B Al i HE R
TERREE R B 7%, BB 2 Sy 10 S 56 Al
Sp131,

K 2 A S MR R TR B — AN AS 2 H,
B 445 18 B3 —ANRET, B2 s,
M — AN R B AR B, e 5 i 2 JE 44
BT, X PR M YERE T R DR 1 2 1, DR A
TR kLT 7] 2 AR AL B SRR, AL FE R
GiBEN R B AR, WSoH s .

L
)
&
o

K 2 ik bt
Fig. 2 Von Neumann topology
N T RE ZAKE T SRR 2 AR PS5, ek
ZA KL 1% BrsiT MesH HE ), P Z = rs x cs.
SR e IR 2Dy At S A B A EL
K 2 BiFAR % I3 LA 0 M3 P XA
Table 2 Pseudocode of Von Neumann topology

i=0
WHILE (i < Z)
PR EARJE NP
N;® = (i—cs) MOD Z
IF (N'» == 0) N}® = Z ENDIF
PSR ARJE N OV
NJOY™ — (j 4 ¢s) MOD Z
IF (N{oV2 —= () NJ°W" — 7 END IF
P LA NJot
Nt =1
IF ((i — 1) MOD cs==0) N/™=i—1+cs ENDIF
P AR N
Niright —i+1
IF (i MOD cs == 0) N8 = {1 —cs ENDIF
i=i+1
END WHILE
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R, ptZan T 77 AT FE R
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43 BRURIES R

W ARIEIRAL RN, FATFEEYIME 1L, ARk
SEHCRL TR R

IR 2 IR SIS, LR AR
PIARIR G R

W3 A7), IHE BAsREUE, Rk
1) R

IR 4 FIHRHEEE R (18)-(19),
HORLT [ BN

IR S IMEERE R RGN, HE S
SHHT I B AT LR, Yo B R T E XA T
M4k KAT;

LR 6 R B TAL RBOA BITIBLAE, M FEL%
1k, A Y AU 5 R DL R ORIT B2 TR R A 5

N, R IRAFIDIRS.
5 SEREHREER
5.1 SERHEE

T UL AR SC TSR A AR AR A DL R Pl iR i3k
fil FR A Rk, ARG TAk20174 11 7
Gy B AR P LT B B R AT Sy A S, il
LA10, 204040428 74T Bt 47 M Bl a B8, 4= 407
AT B AN 3 TR, TR b O B e
R FE I BEAR AR, BT A, AERSE B P R S s
FORHIECE, PR B AR ST 723 5iln = 0.6
= 0.4; RVFHIEG K BE i K B gax = 30000 kg Al
i KK B lax = 9050 mm; 25 i 75 1 FL £le; = 5;
I R KB T Gnax = 105000 kg, /N B
Gmin = 50000 kg.
52 ZHE

A T H I VNLC-PSO¥ 5 brife b AL 5
% (criterion particle swarm optimization, C—PSO).
IS N BORFHEH2:(Von Neumann
particle swarm optimization, VN-PSO)#1 77 £ J& i
FMEHE T 0k B ¥ (locally convergent particle
swarm optimization, LC-PSO)# 17 tb %, FH T 1 ik
AR Al iBl e K AR R IPOY AR & AP S G s
ISZIE. LI FE R B 47 72 N IE B Ni5—4210 M
2.10 GHzI AL FE AR F18 GB N A7 AN A LA L. st
45 RIe I M ALIE AT 200 A I~ 25 E. £t
WS, AFh IR S H S — W BN P AR
J910000MHRET, B KIEAIE5000K, 15 1 AUE
w = 0.7298, NIE RHcr = 1.4961, cp = 1.496114.

%3 AFITHEHAE
Table 3 The data of production orders

e gﬁ K /mm SR mm S mm B ke Kot
PO1 5454 4300 2650 620 190752 6
PO2 5454 4400 2650 620 19518.8 9
PO3 5454 4400 2650 620 19518.8 9
PO4 5454 3900 2650 620 17300.8 1
PO5 6N16-2 5600 2000 620 18748.8 3
PO6 6N16-2 5600 2000 620 18748.8 3
PO7 6N16-2 5800 2000 620 194184 13
PO8 6061-1 7200 1350 620 162713 1
PO9 6061-1 7200 1350 620 16271.8 1
PO10 6061-1 7200 1350 620 16271.8 1
PO11 6061-1 5500 1350 620 12429.5 3
PO12 6061-1 5500 1350 620 124295 3
PO13 5052C 8100 1800 620 244069 15
PO14 5052C 8100 1800 620 244069 15
PO15 5052 6800 1400 620 15936.5 3
PO16 5052 6800 1400 620 15936.5 3
PO17 5052 6900 1400 620 16170.8 1
PO18 5052 6900 1400 620 16170.8 1
PO19 7050-1 5300 1560 480 107153 3
PO20 7050-1 5300 1560 480 107153 14
PO21 7050-1 8700 1560 480 17589.3 14
PO22 7050-1 8700 1560 480 175893 1
PO23 5182-3 8000 2000 620 26784 3
PO24 5182-3 8000 2000 620 26784 3
PO25 5182-3 7800 1850 620 241558 1
PO26 5182-3 7800 1850 620 241558 1
PO27 5182-3 7900 1800 620 23804.3 2
PO28 5182-3 7900 1800 620 23804.3 2
PO29 5182-3 7900 1800 620 238043 6
PO30 5182-3 7900 1800 620 238043 6
PO31 7075 6000 1560 480 121306 3
PO32 7075 6000 1560 480 12130.6 3
PO33 7075 7000 1560 480 141523 9
PO34 7075 7000 1560 480 141523 9
PO35 5182-2 8100 1750 620 237289 2
PO36 5182-2 8100 1750 620 237289 2
PO37 2017A 4000 1880 450 9136.8 2
PO38 2017A 4000 1880 450 9136.8 2
PO39 2017A 3200 1880 450 730944 1
PO40 2017A 3200 1880 450 730944 1

53 SR

FaHIH T AR FRIORL T BERE, 2395510,
20FH40NAEF=1T B, K IBAT204K, BRHIIEARS00K 1
UK, 3RS B AR R EURANE « S22 E s BMEATT 21
Guit Xt b, B 7 AR T AR N 104 T A, LC—
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HEARAE T H A3 FPSOS k. SLut 4 R I8 E
T AR SR T RS VNLC-PSO IEff M A1
Rk
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Table 4 The comparison of four PSO algorithms for
different order quantities

10T H
ik : .
il ezl WiE Vika
C-PSO 1427 12786 85.61 2298.29
VN-PSO 14.18 139.14 90.37 2486.68
LC-PSO 13.86  130.75 82.18 1801.19
VNLC-PSO 12.18 119.10 78.94 1808.64
20T B
ik - X
BItE &EE WME HE
C-PSO 28.38  260.76 140.56 4673.87
VN-PSO 2649 25843 137.29 4819.23
LC-PSO 2693 247.16 136.07 4012.87
VNLC-PSO 2534 24325 12529 3821.72
40T H
Hik - . .
Bl mzEE HiE HE
C-PSO 4638 57296 298.17 9165.36
VN-PSO  44.67 570.16 300.17 9024.76
LC-PSO 4390 545.17 289.34 8019.76
VNLC-PSO 43.67 54628 285.55 7864.28

B N T A AR 4L SRR Hh Sy B B () 2 4
R 4R R4l EE SIS
W I R AR R EL 2R, AL kR 3 B 7 ) ) P
AP, ROR . (5 B R R
R T RER SN E RN R, &R
B A5 5 BT D 3 A BRI D . R SR ET X204 AE P2 1T
H., VNLC-PSOBHIEIZAT —IRIMAL 45 3. K56
SINTAN20MT AN TP FE P44 75 2255 min,
g HZEEE T EN AT T, SUN R EES s, IF
H 5z N T4 lrgs BAHL, AR FE)E L
FH ECERA i s, P R BRAK. AT L, A ST R H 55
FEUT B ZH RUARE 1 B P AR A AR Y T A SEBR 7
K, WU ISR AR SRS T e 2 A B I P Tk
gD e /g Jm b HL g s, AR T
JRAR = Az ek A AR, DR B 4 v T Ak AR
FERCR, SEEAD (I B FE 2.
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Fig. 3 The convergence curves of four PSO algorithms for dif-
ferent order quantities
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Table 5 The result of furnace-grouping using VNLC-PSO algorthm in one run

LR/ PEE TS HE/kg AR Wl AbVERe  HA%
1 PO30 102448.8 4 4 97.57 95.29
2 PO30 102448.8 4 4 97.57 95.29
3 PO30 102448.8 4 4 97.57 95.29
4 PO30 76836.6 3 3 73.18 95.29
5 PO79 34572.1 3 3 32.93 92.98
6 PO80O 34572.1 3 3 32.93 92.98
7 P0O6,7 86060.3 4 4 81.96 88.14
8 PO4 63214.4 3 3 60.20 90.52
9 PO4 63214.4 3 3 60.20 90.52
10 PO5 86060.3 4 4 81.96 90.72
11 PO5 86060.3 4 4 81.96 90.72
12 PO5,6 64545.3 3 3 61.47 90.72
13 PO6 86060.3 4 4 81.96 90.72
14 PO44 50621.8 3 3 48.21 94.44
15 P0O43, 45, 46 85541.4 5 5 81.46 93.70
16 P0463,464,465,466  57561.8 6 3 54.82 88.89
17 P024,28 68701.0 4 4 65.42 77.96
18 P0O25,26,27 85876.2 5 5 81.78 81.31
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