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Abstract: To select correct weighting factors for the weight-sum multi-objective method, we propose an improved
adaptive weight-selection approach. On the basis of the genetic algorithm(GA), this approach is applied to optimize the
multi-objective rolling schedules in a tandem cold rolling. In the optimization process of rolling schedules, the power
distribution, the rolling energy consumption and the slip rate are selected as objective functions from them the multi-
objective model of rolling schedules is established. Applying the improved adaptive weight approach GA to optimize rolling
schedules for strips with different specifications, we reduce the values of the above three objective functions simultaneously,
in comparison with the conventional rolling schedules. It also provides better pertinence and faster convergence for objects
of higher priority than those of the adaptive weight approach GA.
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1 5|35 (Introduction)
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3 (Establishing the multi-objective opti-

mization model of rolling schedules)
2.1 H#FrAE(Objective functions)

GV EL) LB LR BT I R, AR
DAt FLIREHFE Sty AN AT 1R MRS AE A DAL i
NS

ST IR V8 1 FL A ™ B AR 28 (1) W AL 1)y %
iy 2 B Bal, P & D) Z A0 B L A5 V-4, 24Bal; 1 {H 4
AR, DR A4 T4, % 1—a < Bal; < 1+a,
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0.15 - =),
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Hp, =0.2192 x 1072 - (v;/R;) - (G,, + G;,)/1.34.

Hor PO ELSE J1(kg); Hp, AiBE LI 21
HAHKW); Hp,,, NiZ B HLEUE DR K&W); LA L
BEH AR AR ) My B L R B Db A AN R
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R AR (mm); roi R R R R H O iR R
JE(mm); by A SR H R B (mm); g A i S8 EE B R B
ty, MiZE 5 AT 5K ) (kg/mm?); tp, hi R T A 7K
Ji(kg/mm?); G, A% 4L HI ) F (kg mm); R 4T
VEHE P42 (mm); v, A 4 4L 34 (m/min); Gy, Ai%e

PR T Fi(kg-mm). 7 G A S T R R LR R
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2.2 AW % AF(Constraint conditions)

AR AL 5 | f IR ST SEBr A
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) K F&r, € [01,045], i = 1 ~ 4,r5 €
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5) SR M R R A, € [0.5,1.5).
2.3 FLHIBE R 2 H ARG BIR (Multi-objective

optimization model of rolling schedules)
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min Z = (21, 29, 23),
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3 Sk RLE H & M J7 (Improved adap-
tive weight approach)
3.1 AUE Bi&E N :(Adaptive weight approach)
Gen Fll Cheng #& t id&i [V M A J7 % (adaptive
weight approach)!*), 1% J5 v A FH 24 i B b (0 A
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1
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1) 25— AP IEAS H bR 0 f K AR A5 T de MBI
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SELF Rk B FIUYI H R
3.2 Bk AL E B 3&E M J7 Yi(Improved adaptive

weight approach)

BT UL BB, A SCHR R S AR A
I& WV 77 #i(improved adaptive weight approach, ] FX
NIAWA), FERARUR: 7 J5UH B BUE B i N 7 i
B A 1 I B AR R Fwyen, FEFTAT H AR
d LI S0k B KR, AR5l L TR 2L H AR, DA
BB HE. LA H BRI I 8 A 1, ¥ H br T 20
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w; =

T HARL 2 HARUERIESR, A H A2 R K, 2
HFR 128005 2 EORIN, 3 HAR3HIBCE i oK. T 4y
i wew FITHSL TV
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— 2 n ftar et,;

fi = 1 ¥+ 610(1+q)(17fi") ) fz = ff . (8)
Horr: f bR AEAL S 1 H AR AL I Frarger, ]9 HLAR
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Mg A A E I f TR LT

K1 gIBOANFEIRIE R £ TR
Fig. 1 Shape of f; when q is of different values
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(0 T A AH B2 (R DA E bR 5 A %0 00 FH # H bR
W53 B H AR A H R, R BILEARAE fope,, 2
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4 E T ok BE B & MGAR & i L EL
H B2 £ H 45 8 fbdmproved adaptive
weight approach GA based rolling schedules
multi-objective optimization of tandem cold
rolling)

4.1 4abY F g 4£ 5 1 (Coding and genetic operator)
K S D, 4

x = [ry,ro, 13,74, 75, A1, A, A3, Ayl.

AR W s - AL AR R 1
5 SR 210F 55 55 4 65 1) 22 H F5 A0 A 535 1 A
GO, R B0, 1 )22 X5 1 (simulated binary
crossover) Fl1 2 1l 7,48 75 51~ (polynomial mutation).
4.2 i€ =4 B br B E Z M 7 (Determining

importance sequence of the three objectives)

H HT R 22 800 5L ) (R 5L R RE A2 DL A5 D) 3 4
AR 0 M 1), Pt LIORE T L o) A7 ey KR e TSR
B Tl AR 11, RS AR R AL e AR R
/)N MO T A R R RS /N T70.8 mm, 5 /)
11200 mm), H 207 G 2 FL S R A by e AT
TGN BRI A F L R RS /N 108 mm, B8
/INF 1200 mm 1) 9IS, 34N H bs(H 5128 X2) H
w2 X3y H #8320 X)) = 2P0y 2 H
FR3> B AR1> H A2 %L A RS 1) 5 40 B, 34>
H bR FE 2N A B AR 1> HFr2> HFR3.

4.3 1 B& #(Penalty function)
X3 PR A R e i A, ANRR e R4, UM B

TR A I PP AN 22 (1) 5 2 3 R X ), A&

R I SRl LA/ 1 G € A4 8 dme DIt S 1) 47 .

XA A 23 1) o JE BY TAT AR AN, TSP R

By, FeLh—A T R K, I BEORAFE T A WAT AR A

G B, SO ASRIAT i it in 1 aE$8 s ). B b A

P PR A 1) o 50k 3 G 1231,

pla)=1- = S22y

Ab(e) = max{0.gi(a) ~ b}, U
ADP™ = max{e, Ab;(z)|x € pop}.
Forp Ab; () A 2 G AR 250 A 29 - 1) 33 1 A,

Ay TR AN 2 A 1 B K E, e A/ E
H, FH R E G 1 R E0H IR BRI 4 L pop i Y
HIFNAE.
4.4 TEH A E(Evaluation function)

PR BRI ESE G A A T AN R AN R4 T LRSS 1Y)
A, T OB I8 N GA(TAWA GA)$L il HLFE
(112 BRI R (UG VPO B ECh

1) AN
zip(x) = p(x) - [fs - wip, - (27" — 21+ ) +
fie o wip, - (25 = 20+ ¢) +
Wipg - (25" = 23+ (). (12)
2) RN
zip(®) = p(@) - [wip, - (™ — 21+ () +
fi-wip, - (28 — 2+ Q) + fo -
o Wiy - (25 = 25+ )] (13)

H A2 (A3)F thz; A, PR bR B 1B
K, BIVEGT bk B = AR T DR R B AR A
P, FEHENT AR LR K.

45 K TIAWA GAR L HI M & £ H # 1
{L.(IAWA GA based multi-objective optimiza-
tion of the rolling schedules)

T TAWA GARJVRERLEL TS 2 HAr et
R

Step 1 BEAL™ NS4, B BEHL ™ 2ENFH AL
AL

Step 2 1 Q)@@ & th & A AKX W
I3 H b R B0, SR Sk (B B 3& Y 7 AR
P AR RERIAE B, 5 H AR S 2R, of 5
BEAN H bR s B BCEAE, i 20 DA H 5 34E, I
A (12)8(13) T FEH RS A D R S

Step 3 MR P4 o i, FHIPK TR B #1508
N2 SARA A, BB LIPS AR, JEFEEAr o8
BALRAAE A SARA A, AKX A RE, HEIX
KA HEIE RN/ 2.

Step 4 XF S AU M 4% — 5E 1ML & SBXAL
X ZIAAR S, P TAAMA.

Step 5 K5 5AUE ARG &, M P e H (L i
e PR R 326 NS, A4 — AR

Step 6  HJIKT SHIJ I 77 3k B d5 R A ARKL, A2 T
2SR, A5 IR M) Step 2.

AL AR, SRS A VA el (AR 1 A4
A 2 B IR, VR BR B I AN A A AR N
AR, A EAACEL 1 N, TAWA GAKF ST
K (5 — A Paretof L Z W fi#. TAWA GAHU& Ji —
AT b OP A o B fE e o IS PR A D e R O,
W AT ITAT A P DA R (B e i R A
5 PiHbZ=HLL & 45 B (Optimization parame-

ters and results)

DABEVRBL) SHLARVSERLAL B, R A ST H
FITAWA GAZEAT AL B AL 2 HARILAL. RPN
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Table 1 Parameters of the tandem cold mills
Mg
LIRS
2 3 4 5
T RELHI /1 2000 2000 2000 1000 1000
BKE#/ (m-min~1) 542 861 1190 1250 1250
HIEE kW 4000 5750 5750 5750 5750
TAEH 42/ mm 2212 2269 2214 2357 2372

3 50 A A R A 1) 0 kg e 5, JEAT AL
T2 HARpLAb. 0ol 1 348 i A0 R RS A
2.6 mmx900 mm [ CQ 4N, J% & X ~F 2 0.5 mmx
900 mm; Fi A%2(1 J& 47 4N K kL RS A 3.7 mmx
1720 mmFIDQIN, fift J~F241.0 mmx 1720 mm. &
SEFPHEEA 50, IBATARECR 2004%, AR SCHR[13]6) 2
H RO 5L S B T R, 28 SRR & 240.9,
AR S (A R 5 N0.1, MSBXAZ X (simulated binary
crossover) 122 I 7 4% 5+ (polynomial mutation) 1] 73 4i
5 80 A, FBHCA 2004, V5 foarger, MM aHUA 1115,
LRI B, A A — AU R b A R B K
AR T X R34S H bR R A ST, f5, f5, TAWA
GAMLA &5 3R FH 9 2 Ko, BUTE H 18 N.GA(AWA
GAMALZ5 S B LR 2R, FIAS 1 i ARk o R v,
I f, kb et R an 2 .

%t L B2(a)(b) (o) 1) 5K 25 38 4, wirSAR 3 2 1k
$5¢ e )y WEGH AR ), BBV SE I fAE S <
fearget, JF AR by d5 K, A FFARTRIR AR N, 1 f5 T
LSS < frarges, B fs < frarger, GRAFD), FAH S ZH
—RAHEETF U BTF, 20344%, AR T, £ TR
NI B 45 SRAIE B TTAWA GASZEL T 2 [ S5 ik
BEESR, AR50 L O H X — AR JAWA GATY
I B EE RA

F* = [fr, f5, f3] = [0.02473, 17444, 0.28862],

PR Pl
x = [37.754,18.832,19.134, 12.099, 0.00504,
1.4989, 0.80901, 0.89786, 0.62098],

SRR Ok ATAT AR AN ) AL AR O kR R R
2.6 mm, %48 R RE 3 0 0 1581.1259 mm, 248
0.8242 mm, 3 %% 0.5994 mm, 4 %% 0.5026 mm, 5 %2
0.5 mm. SE A H EL IR H Q) G)@) R H T
3 H o br ook Bl A fi = 0.77328, f, = 18262,
f3 = 4.3706. A W5 JER K LR REAH B, B 4T

TR AR I E RN T, FR RS T fo, fi
(A, A R LI BEFE T /N, R HLEE I D 2R 4 5 B
I,

XT EE E2(a)(b) (o)) S5 2k 5 i 26 i 4y, S FF =
(£, Froy )R NAWA GAIIARAL 45 R, 7T 0L fr, >
Il < o fo > fr, B HRFA A ML
T ISE e 2 B e AR AT X — RO R R (A
IFITAWA GALLAWA GA IS5 i b

— IAWA GA
---AWA GA
_/(34,0 2644)
A - b s e N e
50 100 150 200
R
(a) HFrpR%
x10*
1.75 . : .
| —
\
.., L4 , (48,1.745X10% —IAWA GA
=~ L --- AWA GA
1473‘\n’||"|_’_ .~y b
1724 50 100 150 200
1e%%
(b) HAreh %2
0.34 . . .
— JAWA GA
0.32 4
oo
0.3 (5,0.2895) .
0 50 100 150 200
e
25 T T T
Vg p—— S Do S —
1
2 T‘:\ (6,2.329) 1
. 15k B
Q 1 _l: 4
1
05h ---AWA GA 1
O 1 1 1
0 50 100 150 200
e

(c) Hbrph %3

K2 RS E A 34N H b ek B A 1
Fig. 2 Optimization procedure of three objective functions

of the first specification strip

kg2 AN AL I RE TP fy, f5, fs RO BEA S A2 a0
K3,
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3 —IAWA GA |
A |
i (12,0.05751) |
% 50 100 150 200
R
40 L T T T i
v ---AWA GA
. 30 4| Lo ]
~ 20kt L 1
10k ' (59,2.481) .
0 v ‘1.4 - C——vas
0 50 100 150 200
R
(a) H¥reR %0
4
22710 : : :
- |
o2 (18,2.137X10% —IAWA GA
---AWA GA
:-‘ T T T - » |
2 | - =~ = = - E RN
0 50 100 150 200
R
(b) HAreh %2
028 F ' ' ' .
0.26 -\(18,0.2757) ]
= o024f L) A
T —IAWAGA |
022F |1 o i ---AWA GA
opl=t==fil >t '
“0 50 100 150 200

(c) HArea%i3

3 FUR 2N 34 H bR ek B A
Fig. 3 Optimization procedure of three objective functions

of the second specification strip

X G I3 HR 1R 51 2 A, B 124X B A s 1
FrE R AR /N, BRI TEfT < frarget,
Jii B AR Sy B K, ABLTFURAR /S, T fih T SEILfT <
Jrarget, H.f5 < frarges, G5 112), HAH 5 WIAREAH ELTT
i ETE, N8R, b T, £k BT 4
UEH] TIAWA GASZIL T 55 B S0k 21 Bk, 2R )5
JE VRS H bRix — AR TAWA GARI AL 45 R

F* =[f7, f3, f3] = [0.02115, 21308, 0.27503],
X N
r = [36.594,29.875,20.435, 20.581, 0.03,
1.2248,1.3371,1.0331, 1.0762],

28R 5 R AT . AH RV ) FL R AR O ok k) R B
3.7 mm, %42 H O JE 4 ) A 1492.333 mm,
2481.6313 mm, 3%421.2981 mm, 4%21.0310 mm, 542
1 mm. SEF5E N H E L AR G B (/)34 H b ek 20E
H: fi = 0.15903, f, = 23473, f5 = 0.28325. AJ I,
5 50K (R AL RRE AR LE f O I AN T, R B
KT fa, f3IPA.

XF LG B3 (1) SE R A S R A Ay, v L fy >
fisfon < 13, fos < f5, B[, < f5 IR RS < f3,
H fr B 80342481, LS i 3 FH () L RS V145
I f = 0.1590310 2 KR 2. BARF BTG )5
BN AL T R DA S Th R A i o T H bR IR LK (R B
I3 7 RIAWA GA LLAWA GA U858 b
6 %58 (Conclusions )

AL P S R S Y, BLast
B L B RO v AL LR AT T 2 HARAL
th. g5 G AL 9B IR L IR FR A A0 AR 2 HY
SR A FLIRERE SO 4T i AR A A H
b, JEAL T R ELELHIAR G 2 H bR IR, ¥
SO IR ER [ 3 NG AR AN [R5 9 117 %L 761
R Z HAstuAk, 45 KRV, ZIAWA GALAL 1K 4L,
iR 5 S B IS FH PR 6L AR A LG, A R0 AR
T f1, fo, MO SRCE BENGARI LS5 FAH L,
TAWA GATFH LA 45 5 0B PS5, w] DL AL
AN TRV RIRS A5 AN R AL AR 2 H bR A IR 223K, [
AT EL 25 AT LLE HIAWA GAAE 5 20 = 10 H Ax
W S B BE AR

£ % ik (References):

[11 YANGIM, CHEHJ, XU Y J, etal. Application of Adaptable Neural
Networks for Rolling Force Set-Up in Optimization of Rolling Sched-
ules[M]. Berlin Heidelberg LNCS: Springer-Verlag, 2006: 864 — 869.

[2] BRZR T, 2o, Eaiht. SR BESLAI v B SLALEL B A 23
FCARAELI]. T AU AL, 2007, 18(11): 1303 - 1306.
(CHEN Dongning, JIANG Wanlu, WANG Yiqun. Load distribution
optimization of tandem cold mill based on PSO algorithm[J]. China
Mechanical Engineering, 2007, 18(11): 1303 — 1306.)

[31 E#k, Xstak, Ph—Fe. R EFLHLA Ffe 23 BB e LA BT VAL,
JERTARHE R A4R, 2002, 24(5): 551 - 552, 555.
(WANG Yan, LIU Jinlu, SUN Yikang. A new intelligent optimization
method for the scheduling of cold continuous rolling mills[J]. Journal
of University of Science and Technology Beijing, 2002, 24(5): 551 —
552, 555.)

[4] W50, 520 8, XIET &, 45, kTt AL Sk m v AL AL IR LA
Beit 3], T EHU LR, 2007, 18(15): 1868 — 1871.
(YANG Jingming, DOU Fuping, LIU Shuhui, et al. Application of



EN

A3 A5 O RCEE 1 & N GA S EFLEL IR 2 H brfit ik

693

[5]

[6]

[7]

[8]

[91

[10]

genetic algorithm to rolling schedule in tandem cold mill[J]. China
Mechanical Engineering, 2007, 18(15): 1868 — 1871.)

U], AL BET SRRV L ST 2 OB 7T ). RS
P B2, 2006, 18(8): 2162 — 2165.

(LI Weiming, MU Zhichun. Case-based reasoning model for cold
rolling schedule[J]. Journal of System Simulation, 2006, 18(8): 2162
—2165.)

WANG D D, TIEU A K, DE BOER F G, et al. Toward a heuristic
optimum design of rolling schedules for tandem cold rolling mills[J].
Engineering Applications of Artificial Intelligence, 2000, 13: 397 —
406.

PIRES C T A, FERREIRA H C, SALES R M, et al. Set-up opti-
mization for tandem cold mills: a case study[J]. Journal of Materials
Processing Technology, 2006, 173(3): 368 — 375.

b, R A, TR LA LT AN L TR R DA Y R B
). PS5, 2007, 24(2): 243 - 248.

(LIU Shixin, SONG Jianhai, ZHOU Shanchang. Model and algo-
rithm for solving hot strip rolling batch planning problems[J]. Control
Theory & Applications, 2007, 24(2): 243 — 248.)

HRte, ERA, FI8 K IR ALHLELTRET T4y H AR R T LR
PRALHEF[T]. £k, 2003, 38(10): 35 - 38.

(BAI Zhenhua, LIAN Jiachuang, WANG Junfei. Screw-down sched-
ule optimization for preventing slippage on cold tandem mill[J]. fron
and Steel, 2003, 38(10): 35— 38.)

CHENG R, GEN M. An adaptive superplane approach for multi-
ple object optimization problems, Technical report[R]. Ashikaga City,
Tochigi, Japan: Ashikaga Institute of Technology, 1998.

[11] SOMANI A, CHAKRABARTI P P, PATRA A. An evolutionary
algorithm-based approach to automated design of analog and RF cir-
cuits using adaptive normalized cost functions[J]. IEEE Transactions
on Evolutionary Computation, 2007, 11(3): 336 — 353.

[12] DEB K, THIELE L, LAUMANNS M, et al. Scalable multi-objective
optimization test problems[C] //Proceedings of the Congress on Evo-
lutionary Computation(CEC2002). NJ: Piscataway, 2002, 1: 825 —
330.

[13] ZO65, R A, AL Sk 5 DR M. duat: 35 R4 i
#t, 2004.
(XUAN Guangnan, CHEN Runwei. Genetic Algorithms and Engi-
neering Optimization[M]. Beijing: Tsinghua University Press, 2004.)

[14] PURSHOUSE R C, FLEMING P J. On the evolutionary optimization
of many conflicting objectives[J]. IEEE Transactions on Evolutionary
Computation, 2007, 11(6): 770 — 784.

e A

B (1980—), U, MR, EENHED H AR
VES U AL S 38 S, E-mail: liyong.neu@gmail.com;

XEE  (1960—), J, HaR, W AE 0, E 2SR el
Mg 5N &2l R ES U BTG, E-mail: livjianchang @ise.
neu.edu.cn;

E 8B (1980—), L, Bh#, miL, FEMNEG A Dl R
S5ALKIFSY, E-mail: wangyu.siae @gmail.com.



