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Intelligent optimization of load distribution in hot strip rolling process
based on improved non-dominated sorting genetic algorithm

Ding Jingguo', Song Mengxue', Zhang Zhihong”, Hao Xuebin®, Ren Lianbo’, Wei Zichao®
(1. State Key Laboratory of Rolling and Automation, Northeast University, Shenyang 110819, China;
2. Handan Iron and Steel Group Company, Handan 056003, China)

Abstract: In the unsteady rolling process of hot continuous rolling, the uneven load distribution would lead to the
decrease of the accuracy of shape control. Based on the traditional mechanism model, the objective function of strip
shape and rolling load balance was established for the unreasonable load distribution, an intelligent optimization method
of load distribution based on improved fast Non-dominated sorting genetic algorithm ( NSGA-I ) was developed,
which was used to optimize the load distribution of hot strip finishing mill. Comparing the load distribution data
obtained by an empirical method, GA and NSGA-Il optimization with the load distribution data obtained by an
empirical method through industrial tests, it is indicated be seen that the optimization results of the new method are
more reasonable than that of the empirical method. The optimization results of GA and NSGA-1I reduce the relative
convexity errors of F5S and F6 from 4. 63% to 1. 06% and 0.79% . Furthermore, the relative convexity difference of
NSGA-1II in the final frame is —0. 000 009 88, which is less than —0. 000 050 47 of GA. The optimization result of
load distribution is better than that of GA in terms of shape. The research result has theoretical guiding significance and
practical application value for load distribution optimization and shape control in unsteady rolling process.
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Table 1 Rolling mill equipment parameters

me TAERE  FHRELH sRELWI AR e il
N /mm H/KN /(KN - mm)  DPR/KW

<h (12)

i+1 i

F1 750 50 000 5700 12 000
F2 750 50 000 5700 12 000
F3 750 50 000 5700 12 000
F4 750 50 000 5700 12 000
F5 750 40 000 5500 10 000
F6 750 40 000 5500 10 000

#2 BWERERMYK,
Table 2 Lateral stiffness coefficient K,

KL 1 kN
PSS 21600 10800~ 5400~ 2000~
YL 21 600 10 800 5400
Fl 664 625 455 366
) 664 625 455 366
F3 664 625 455 366
F4 664 625 455 366
F5 664 625 455 366
F6 664 625 455 366

R3 ERBASENTRBERSH

Table 3 Slab primary and target parameters

L A BREE/C R C SREUEE/mm  HOEE/mm HARNE/pm HARTEE/mm
03458 1020 870 32.00 2.00 10 1500
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H BEE FHEE RN M =100, fe R B AR T= 3
100; 75 NSGA- Il Fi: v BB S A R/ M = A 8F§
100, B ARMHBEAL T=30.GA MIKFERT 194 5, 3% X 1k
fRHNZ A 2 BTR S SE45 % 4sNsCA-TT =
IRFERT 135 s, Pareto S LTS3 WA 3 PR, 18 Al
AR W 508 B L 45 R M2 50 1k 1 is B 45 "
AL 6 FIF 7. N I e
5.0 5.2 54 5.6 5.8 6.0 6.2 6.4
16 F1/x10°
15 T B 3 Pareto RILBTIBS T
14 Fig.3 Pareto’s best frontier
i £4 GANRURHHRER
~12 Table 4 Load distribution optimization results of GA
1 PURS  HORE/mm SLEITI/AN AR /107
10 F1 17.957 28 713. 26 8. 823
9 F2 10. 414 31 545. 38 12. 411
N F3 4.32 31382.19 5.122
0 10 20 30 40 50 60 70 80 90 100 Fa4 3.036 15016. 18 4.972
E2 AU F5 2.402 12 915.76 5.062
Fig.2 Iterative convergence curve e 2000 12 082. 91 > 012
R5 NSGA-TIHIRH AT ELER
Table 5 Load distribution optimization results of NSGA- II
= h s hs i hs e F,/x10°  F,/x107°
mm
1 17. 425 8. 585 4. 002 3.022 2.399 2.000 10. 769 4.998
2 17. 426 8.585 4. 002 3.021 2.398 2. 000 10. 169 5.000
3 17. 426 8. 586 4.001 3.022 2.397 2. 000 8. 869 5.003
4 17. 426 8. 585 4. 002 3.021 2.398 2. 000 8. 769 5. 004
5 17. 426 8. 585 4.002 3.021 2.398 2. 000 8. 365 5.014
96 17.429 8. 584 4.001 3. 021 2.397 2. 000 2.411 5.914
97 17. 429 8.584 4.001 3.021 2.397 2. 000 2.410 5.927
98 17.429 8. 584 4.001 3.021 2.397 2.000 2.403 6.052
99 17.429 8. 584 4.001 3.021 2.397 2. 000 2. 400 6. 068
100 17. 429 8.584 4. 001 3.021 2.397 2. 000 2.369 6.231
F 6 ET NSGA-TIHHESHMRAUER

Table 6 Optimization results of shape parameters
based on NSGA-II

R ZRERFTHENER

Table 7 Results of empirical load distribution

HLAS W OERE/mm  HLEIS/KN AN E/107 MLAES HOEE/mm  FLEIH/KN AR /1078
F1 17.929 28 646. 65 9.364 815 F1 17. 949 28 754. 62 10. 025 408
F2 9.984 31810.37 12.588 274 F2 8. 873 33957.38 15. 857 745
F3 4.191 31 649. 28 5. 049 263 F3 4. 846 23 457.38 7.568 242
F4 3.021 14 549. 20 4.998 276 F4 3.111 19 428. 86 5.537 009
F5 2.397 12 697. 47 5.009 884 F5 2.480 13 190. 45 5.055916
F6 2. 000 11 997. 57 5.00 F6 2.000 12 903. 02 5.301 562




% 34 THE A, Attt 3k L EHER AR LR R AL A L AT o ECA T RRIEAL 233

FTR 4 6 fk 7 Tyt o FOEE o
FR 28601 GA Fl NSGA- 11 115475 2] T &l
ZRp PR EE LA R B DL R R R
% GERANE 4~7 PR,

35

—GA
30 B NSGA-TI

FO F1 F2 F3 F4 F5 F6

B4 HOEEXEHERE

Fig. 4 Histogram of outlet thickness comparison

40
.

| o—GA
3 A—NSGA-TI

/MN

B 5 &%t EL

Fig.5 Comparison curve of rolling force

0.018

0.016 -

0.014 -

0.012 -

0.010 |-

0.008 -

0.006 -

0.004 L I L L I I

Bo ExthEX Lk

Fig. 6 Comparison curve of relative crown

M 4 AT LLE Y, GA F1 NSGA- 1T 14k 15 %)
FIHLLE F3~F6 H 1R RE 4 L 28 00 (1 SR /)N

0.005
(a) o
0.004 o
v
0.003| —
0.002}
0.001

-0.001
-0.002
-0.003
-0.004
-0.005

0.005
0.004
0.003
0.002
0.001

-0.001
-0.002
-0.003
-0.004
-0.005

0.005

0.004] o—NSGA-1I
.

0.003 i

0.002

0.001

-0.001
-0.002
-0.003
-0.004
-0.005

7 HEMNLEEMZE
Fig.7 Curves of relative crown difference
(a)—Z5075; (b)—GA; (¢)—NSGA-1I

AR THHLAR B L ) A AR D) B R TR S
8], WA B T R4 3L al. IR 5 il
0 F1~F3 5L 1 0 3 A v L A e 2k 1 4y
B, GA FINSGA- I FEA ST 11 3 HLEEELHI 171
¥ Mo e, Hoh MR F3 A94LHIAE 188 T
oo AR, H LA F3 B9 ELH KNS PR F2
[ FEA S 31X 0 T SEHL AR I L T AN 4R ) #
BV A HL T AT DL G b 5 AR . h 1#] 6
AL, 20 v tP LR F2 A T BE AR, AL 4R



234 MHE & EFR

%21 %

F3 ~ FOI i far 40 Be AN A B i 155 SR L2 i A 0
RIS, T GA F1 NSGA- 1T HHLAE F4~ F6
R ARG I 2 Bl /0N R BT 7 AT, 28 38 1k P AL e
F4 FFS ARG BE 22 AN TERRE KA X 8k Py
1M NSGA-ILFI GA 19 £ i 43 Bie 75 58 e (o 4 5 LR
Mt ABIE KA X sk, L 3 AN HLZRAR ™ B )
A5 250 0 A HL I Sh /N, AT ARAIE T 71 49
B R IFHOE. X e E 6 Rl 7 80T LL& B, GA Fil
NSGA- Il B9AALLE s F5 F1 F6 AR ™ BE 525 A
4. 63% 7 HIFEAKE] T 1. 06% F11 0. 79%.

gEA 4~7 ATRLE W, 4 NSGA-TMEALE , 45
BLZEH RS AL AR EE S GA ks
JREAH, GA F1 NSGA-IUL AL A AR ™ 3 25 1
W RLA-30 R . Sk T B A At ) e R 0 2 5
¥ GA 1 NSGA-IIEAL B HLEE F4 ~ F6 AHX N 22
ROSAE IR A T HLASE , S5 SR N IR 8 .

0.00016

l-—cA
0.00012 | Bl NSGA-1
0.00008

0.00004
0
-0.00004
-0.00008

-0.00012

-0.00016 ! ! L

B8 NSGA-I#1 GA 1830 EEMER X LEE
Fig. 8 Histogram of relative crown difference
of NSGA-II and GA

M 8 Wl F i NSGA-TT HHALEE F4~F6 1
XM EE 22 e GA A7)y, NSGA- T HALLE F6 XS
™ EE 225 -0. 000 009 88, GA > —0. 000 050 47. %3
Hh NSGA- I 1y 3% AR B X 85 /0 FE IR, TE 4L
Tl AN AT AT LA T 2200 DA ARAS RS ff 1Y) it i
L3 — 7 T AT DL i B e T R AR R AR EL
I AIAOE B &, o — 7 TR A 3 AR S EL I B
Beis AT LGS PR A T R e Pt R A i) 4 A il
PA) 24 22 e Rl 52 R A () R, 4 FE AR AR A EL
il i AR ], DT 51K

g5 LR AR BL A 43 T 1 AR R
NSGA- IL F1 GA #1717 43 e K B0AH [R5 LG T 28
B s PEARIE 94580 )7 T, NSGA- T T GA.

4 &

(1) 3R T Beat iy PR A SR HE iy 3L 30k

(NSGA-11 ), 7E NSGA- I Wy # e /Erh 5l AT K
AR BERE TR B, I AR LT T 22X NSGA- 11 /Y
AR SERVETERT T Ak

(2) A REARARAR AR FL A 2 171 Ao 43 e X AROE
FROSZI 3 5 L GA Bk #E )5 i NSGA- 1T
PEAT G Ar 43 ARG AL S 6 435 B (5 7 7 o 92 AR A
T2 SR 2 B A FE.GA FI NSGA- T il ik 4%
Fof F5 I F6 AN N R 22 N 4. 63% 43 5] A
FT 1.06% 1 0. 79% , H. NSGA- I 78 A HLZE (1) A1
Xpy B 22 S - 0.000 009 88, /N F GA [y
—0. 000 050 47 , B JE 77 I I ARAL 25 SR AL T GA.

SE

[ 1] ZR4EN, e, At U450 ) o 485 2 6 A 43 I i) ek itk
BEL]]. WA, 2012(4) : 10-14.

[ 2] Bk%, THh, WHEE, 2. BRI A HGEFLL G R 5>
R pEfb 7], JEa R K24, 2005, 27(1), 94-97.

[ 3] MU ZR. 5 808 B AR LML AL Tl AL K ALY 38 5 9 B 5%
[D]. #E5. #ILKF, 2002.

[ 4] Goldberg D E. Genetic Algorithms in Search, Optimization
and Machine Learning[ J]. Choice Reviews Online, 1989, 17
(7): 2104-2116.

[ 5] BIRE. LA =T 5 foms o B Y 2 H AR IS B 53 5 F
5 [D]. g, sk, 2012.

[ 6] &FH. 3T WU A 5Lk R 97 7 40 Fic 5 s 17F 5
[D]. k. &RdLk#, 2014

[ 7] Srinivas N, Deb K. Multi-objective function optimization using
nondominated sorting genetic algorithms [ J ]. Evolutionary
Computation, 1995,2(3) : 211—248.

[ 8] &Mk BMIEEENITLRR[)]. RIS AL, 2004,
21(2) : 70-74.

[ 9] Li J, Raymond K. A fuzzy genetic algorithm for driver
scheduling [ J ]. Buropean Journal of Operational Research,
2008, 134(147) . 334—344.

[10] e, R bR LA ML R D). 162, 7
ZHTRHE R, 2006.

[11] S/Nk. 2 B ferst G REmsR[ D], W%, kT
B K2, 2010.

[12] ARB. ETRERIENIRA S R4 2 Bk 2 sl
RMETFSE [ D], FPR. TRACHE KA, 2008.

[13] Deb K, Agrawal S, Pratap A, et al. A fast elitist non-
dominated sorting genetic algorithm for multi-objective
optimization; NSGA-II [ C ]//International conference on
parallel problem solving from nature. Springer, Berlin,
Heidelberg, 2000. 849—858.

[14] XL, Bk pysfe B ok L BhstiAbn @ D], 15%. 7
LZHRFRHE RS, 2016.

[15] B/NE, RV, SIE . TR K 4B hrssei)
k()] HENLTR, 2012,38(22) ; 173-175.



