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Optimization of Temperature Setting in Heating
Section by Multi-objective Particle Swarm
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Abstract; The steady-state optimization setting of the furnace temperature in cold rolling stainless
steel is studied in order to set the steady-state furnace temperature of continuous annealing furnace
temperature heating section. is presented in this paper Annealing process indicators and energy con-
sumption indicators are simultaneously focused on, and a multi-objective optimization model for
setting the furnace temperature steady state is established by multi-objective particle swarm optimi-
zation algorithm based on R2 index and decomposition strategy (R2-MOPSO) . And the optimal so-
lution for production is selected from the Pareto optimal solution set and the Pareto optimal fron-
tier. The multi-objective particle swarm optimization algorithm based on R2 index and decomposi-
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tion strategy (R2-MOPSO ) and the multi-objective particle swarm optimization algorithm based on

decomposition (dAMOPSO) are applied to the simulation of steady state optimization of furnace tem-

perature in heating section respectively, and simulation results have shown the temperature rise

curve of strip optimized by R2-MOPSO algorithm is better, And the fuel is consumed less. Under

the premise of meeting the requirements of production quality and reducing costs, the steady-state

furnace temperature of the heating section of the continuous annealing furnace can be set reasona-

bly by using the R2-MOPSO algorithm,and the industrial production can be better guided.

Key words : continuous annealing furnace ; steady-state optimization ; multi-objective particle swarm

optimization algorithm ; R2 indicator ; decomposition method
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Fig. 1 Configuration of continuous annealing heating section furnace temperature control system

IR AR S AL BE R B A, 0, 5 b iR AR
B Al AR RS R OK 2R bR M RERE TS
PRAEAH P B B RO, Ah A il
HAS AT 38, b s i S AR A
IR G RN AR AL, 22 T BT A 7= R
REYEAR. T RSO i B AT 4
BRI PID #MERR G T AR
5 i BUMBANP A7 B 00 S B A 49 JL BE
FUAR R Pali A IELRE , T AR R 22 1 ey R,
AR i B I 2k

ST W w, AR e, T 1 B
PR TS BRI B B2 55, 53
BIFRES i B R 515 4 S0 .
I PID 4ME S T2k (1) 755t g
S B R 2 B ORI T R 22 A6, T 4
FREAFI 6
1.2 EATEiEFMEEREIEE

SEL K R P 2 5 R
A BIDE RY T 4

I T 2 AR bR A RS BRI L
Rt Xy A I WIA D IS
R S 7R T AR AR
M. SR T, % 75 e LB T A A
i, BEREFEBR AL 7k s FOR S, J KL,
FR T MR R S 2 AR O 1
W 54T T A bR B B b 1 K
PRI B (.

1.2.1 BATZAER

IR KT 48R AR kBT A PP 8 T
OB T b AL 32T A SR H R S A% R B RN
Avrami {12 AR S5 G N7 ). 38 1 7 2
1R I £5 B () il R 9 i 24 gl
A T FHLARL ) TR E LS B 4 I R
FRITE R A L B AR A AT — o I 22, Y L A
AR BE A 22, S B PR T B 1 322 H AR
Z—.

(2)

MBI 5 h I OC FR  AR A £ BA
PR

dT/dt=0,2° (6 = 6)/(60 ¢ +d. -
TH x1077). (3)
W .o, Stefan — Boltsman % ; ¢, A7 He

Y T2 1 T3 R AR R, N T Tl
AR AR L BE B S B TR BG83
WiAET 0, , W AT HE 26 B Avrami pHZE 1)
. Iy T AR A HY TR A
IR Sl 2 ] AR e AR
0.~(0,-0,)11 —exp[ =1/(c,-TV) ]} +
O,in- (4)
Aie, LRSI 0.38; TV 2y LS HI
TH KA.

FH %22 1R KPP B B R KT 2 AR AT
AP AT DA R SR R s T el o3 A R

L _grye
Jmin_ 2 (as es ) .



736 oM R e (B AR REER) %34 %
KRR 720
u(s) =a+bs+cs’. (5) o - 820 . (9)
Khes FoRP K a b e hZ Birpib) " 870
MPRAE i h R BB R TE . 920
e (5) MRA(4) w2 — 8 (AR SN
MIIET x, ox, oxy B BRIER, FRRE X307 1Y ek R 1 000
FRAZ(2) RT3 2 5 AR A IR] i iy 0, - 1100 . (10)
Bk T 2465 1150
1200

J :%%(a+bs+cs2—0m)[l -

min

1 v 2
) el ST (6)

1.2.2 HefEfEIR

REFEFE AT 6, 1t £k B R iy 1T FRURAD A
T BEREFE R SR I m B B St L A A
1 2 H /Y, K% 2R SO B i1k
Bl E AR R PR T, R R
FEFR bRtk R il — kO sRE R By Fe /MK
W

t
F. = %foﬁfcdt. (7)

Ao s AN AR KO b g A TE]
1.2.3 2%

R TR SR K R g s AT, N
BRI PP RAHIET 800 C, Fmlr
REAEE A & T 1270 C. 0, TEA RN
PIXCE, A R L A

Opmin (5;) <6,(5;) <0, (s,),
0. <0,.<0, .

LIRAR IR RN IR AE R 2 A s, Ay
U SNE B AT @ B i e A PR, A
T E 2% R AR E x,  x, cx, BEUEE
Fil. 7E 0 22 B A A 383w mT LA 22 28
(8) fiff e 29 AN 4 5 Ay ), LA i e 1ok
WR 0, K 7 A, 1/ 5 B )
KPR EAH 9.2 m, 5 6 FAIKE N
7.5 m, 57 WAMKERN 7.1 m, IF H PR
AR AESS 1.2.5.7 # dE4T 1. b iR
INH R

exp(

(8)

SRIE MK 28 (8) B i £ H dr it 1k
[F) A AR A 2 SRR R AT PRI, SR A
Z H b L A ] B Y 5K AR B [ x, e
[669.498 9,969.489 8, x, e [3.073 4,
10.07347],x, e[ -0.1,0].
1.2.4  piRfeds 2 it ki e n)

PRS2 BARIE A ) 6 5
A~ B bR A% 3 DURAS R TC A R 2 H AR
et B2, A H A 43 51 AR K T dg b il hg
FEFE PR ,3 A R A8 o R ff 22 A [R) B 1 b L
FIR (R, BRI, SEHCEN S a2
H AR 15 R 7] RS TR Sy

min(;—(es -7 )%%f:eidt).

x, € [669.498 9,969. 489 8] ;
s.t.4x,€[3.0734,10.073 4]
x, e[ -0.1,0].
(11)

2 L HIRR R

Z HbRRL 1 HEAL AL (MOPSO ) 53 i I
TR AL 2 R, BAA R & A4
FETE SO B PR SR B SR 204 )
M HA RIF 2 mERET, EMATA
MBS LA B 2R e R TR B A B D)
R

AbRAER F HEOL A A R —
D 4t Hird R 25 B, m AR F (Parti-
cle) H il — A BEVE (Swarm ) . B4R T 15 5
AR EESE WA R, Hoh—



4 4

AR T 2 bRk R B R A s E 737

AR ARG F R BRI, 55— A %
AP H FTHR ] 0 B

TERFRES 28§ DR —A D 4k
JXp) BB TR TR
P e — 4 D i, BoR A v, =
(Vi sV sy Vip) . 505 i DRLFE4 N IR R
FIMREALEICH p; = (o Pos o Pw) K
KRR B AR RS IR
BRI RN EICH p, = (Pa Loy Pw) s
B R AR Ee o B 3l X B A B B, 7R
9K + 1 AR R 2ok 0 o B A
A

=N
X, = (X, X,

(k+1) _ (k) (k) (k)
Vi =wvyy +er (P —Xg ) +
(k) (k)
CZrZ(pgd -Xig ), (12)
(k+1) _ (%) (k+1)
Xid =Xig tVia o - (13)

X.d Jy D AAE RSB d A2
(d=1,2,--,D);c, Fl c, HFETHTF, WK
IR R BN ¢, =c,yr, Flr, 2
FELO, 1 ] Rl A B BEALEL w B O PR
HR/NGRSE T XKL 24 i 3 B2 k7R ) 2270
A B PR A AT LAORL - B i 4R
HWHITTERRETT. T3 5D R v, PR TR 1E
g2 ) P A R A R ST TR b
RORL 58— 2 1) T L R R UK T
TETRHE B3 EE RN v,

& X P bomiy TE AR Ty AR 2V N A RE N
WACSHOME AR 22 0 e e A ASA §9%) ) R, i Y T
T R2 $8 bR A3 ik KM (9 22 B ARKL T HEDE AL
9% (R2 indicator and decomposition based
multi — objective particle swarm optimization,
R2 — MOPSO) fift th 3% 2218 JCpr i #4 B it
TS BE )R
2.1 KA PSO BEEHMFHIEEMGE

R E AL SR

vi‘fd' =WV g+ ¢ X1 X (Prg =X 4) +6y X
ry % (84 =Xi4) s (14)

xo=x g v (15)

Ao ARFRT 7RSS AR R A o

AR s x) (FRORBLF | TE5 1 RIEAR S 2
Wi d dE N E  pr SRR | TS 1 IRk
PSR AR BATES d e o5 gy Fom
8 ER B h 2 R RS d 4509 5
o WIEHERGE ;¢ e, 200 ImEE A F;
r, Flry, R [0,1] 2 aBEALEL.
2.2 R2 fEHRA T8 BT IRIERR

R2 #8545 K6 F Pareto 2 it i #E 2,
MN&T K FE , Pareto 2 BC Ay BUAR 2 3L T
- BCHE T B 28T BRI ER, T R2 48 b 2 i T
BT SR, T T RS T I
W E 51— 20459 o3 A AU ) 5, W] DLZR
B BT SR (A WSS A 2 e A
T AT A A ) £ 1) BT BRAS )28 1717 1X. 34
Ve , BN PP SRE IT  468 18 i . 38 4ot
A (16) FI(17) K il R2 FabRFIAE ik
fif () R2 GTHR{A.

1

R2(A,A,7") —72 min( max )/\j-

- | A | Aed oa je(l,-,m
Lz —al). (16)
R2 FEHR{E Y
Co(a,AA2") =R2(A,AZ°) -

R2(A\{a} ,A,z"). (17)
A NS ;A AAUE 52 R
S22 1 a H— MR ;A HEUE R E
R2 FRAR A EAR A TS 72
REP<—R2(REP,P,A,z")
(1)RR<REPUP
(2)YaeRR.C,=0
(3)For AeA do

o 1.
(4) G mminl _max = (-la; = 1) ]

(5)C,=C, +C¢,
(6)End For
(7)¥%&18 R2 sTdk{EVEA T HE Y, BERETT N

(8)REP<RR(N)



738 WHERKESMARBFR) o534 4
2.3 ETFRIBRMSBRIEHNESERF (1) P—WJIRALFRIE P
L (2)2A—F5)H pl N AMBEUE R A
TE 58 BN 6 358 e 1) e PR 2 I, T B DL 3K (3) FFURTEAR

PRRIAS A B A1 BE SR 25 FE 2~ B TR L. 1 ek
Pl R2 Tt ik L A9 A0 i 11 0 2 Ry A A 1o
TG S8 AR R AR5 8 R
( Penalty — based boundary intersection decom-
position method , PBI) J5 7% FH LA B 387 1% 1 £ |
TEF PBI R0/ N A0 igp A1 D8 B =2 )i A4
PREAL I T, WERAMR B AR 1] 5 2 0O K A
AR T EEAS R SR P e 30 o) ) SR AR R
FTHEIE.

LIS EZ3uiUb ) KA RiD LR Pu Ry

(1) JEEHEA N 1) 73 fifk KW, >R ] PBT 290
F TV

(2)If PBI(x/"'IA",z" ) <PBI(x, A",
")

(3)x,,; =x*!

(4)a™ =0

(5)Else

(6)a)"" =al +1

(7)End If

Horp PBI WbRiR AL TT 05 af FRFEE i A
AMAER 1 UGEARIAR .
2.4 BHIESIREE

e e o e Ay

N('xgh (J) _pr,i(j>

X)) = L 1, () -

X, (). (18)
K x,, () W j AR S 5 x, ()
R ARG AR ALALE L N(0,1)
RIS AT FEALEL.

1o B2 2 R FE pBest 2 K K A8 1k
IFPAT ARG (18) , BEIHEN PSO A n]
REfa A R iR i L. A, pBest A1 gBest {3 [F]
22 ML, AT LA S50 b A L 2 AP E i i 8
PE AR s B s &8 PF, 28 3 B 5L Y
PF.

R2 - MOPSO ik iy HAR ST i 72 .

(4)Fori=1to N

(5) M\ REP HBHHLIEE: gBest

(6)If a; < T, then

(7) MR A (12) TR (L v+
(8) MR A (13) BRI & Xt
(9)Else

(10) 4= (15) H R~ B RO
(11)End If

(12) P KL F IR S % 5 2

(13) HHr PBest

(14)End For

(15) REP<—R2(REP,P,A,z")

(16) 53 t < MaxIt Z5_IEH
(17) 1R [ e 4f# REP

3 PiEH

EHES R TS Z B,
K R2 — MOPSO #il dMOPSO 8.3 k173K
fi# 345 Pareto F Mt BT VR AR ARG i 4. SR 4%
AWM= SUS304 ARG AN T 248
¥r,TH 7 0.960 0 mm,LS 4 59 m/min, H74H
HARH R T 81070 . HLEaB AT
ZARPRRREFESR bR, 20 ISR A R2 — MOPSO
F1 AMOPSO F3K 1z [m) 8. S50 S 5008
He =c,=2.0,w=0.9-0.4,T, =2 NfE
PR H AU 0] 2 K/ 6T X H AR Ak
) S0 S A M 100, F R IE AR B Maxdr V%
FE A 250. 38 3o 5 B A5 2 /) Pareto F AL AT T
i 2, AN Y Pareto B ARG UNE 3 Fis.

5O 18RS F Y Pareto F L RTHT I Pa-
reto FefLARAE LR B AR K T 248 bR FIREFE
F5FR, B 4E M R2 - MOPSO %425 T R45 100 2
Pareto frcAJff 42 Hh 38 £ AR 77 125 B BGE A
Tl A 7= ) & 6 i x = (809.123 4,
9.798 5, -0.044 7), #X J5 M dMOPSO % 7%
JIT 3R A 590 20 5 AL A LA AR [R) 5 92 3K B 1



5% 41 A WS T L2 BB B B iRt fb ik e 739
s - 1300
: 0 R2-MOPSO 1200
© IMOPSO
° 1100
°s 1000 |
[e)
. 1o} g 900
S %, B 500
Ik =
3 ® 700¢
gﬁm ® 60t
0.5 500 | - - WREE (R2-MOPSO)
o Jif& (R2-MOPSO)
400 - —— $i& (Action)
00 4 0 R E (AMOPSO)
< o iR (dMOPSO)
0 : . . . ! 2004 10 20 30 40 50 60
R N U 3B A B 8T

BT ZHEN0°

B2 PRESILEE Pareto S LATHT
Fig. 2 Pareto optimal front of the furnace temperature

steady-state optimization

or @ 0R2-MOPSO
o © dMOPSO
o
7005 9§
>
8
-0.10 e
12 oi
3 500 | 000
4 800
< 700 b

0 600

B 3 Pareto F{Lff4E
Fig.3 Pareto optimal set

fift x = (820.132 4,10.002 1, —0.045 0). 4%
Je ARAT e A R TR 2R i Kk pR R A
A¥WIh T, = 809.123 4 + 9.798 5 5 -
0.044 7 s> Fl T, =920. 132 4 +10.002 1 s —
0.045 0 ™. FH Y IR A9 Il B8 1 2 4 ]
4 JE7R. SEBR AR 7= o B Al A9 R e BE T 2
Tl A= 7= B T AR SE B A TR U
KT 1) T LB A e R P Ak =2 S R
(TR, THRERRBHILER 2. 736 2 H v
WLEE R 1 070 TR T, AL Z 5 4 50
L T i 2t B HUARL. A L R2 -~ MOPSO
H1 AMOPSO PIFRMEE | Hi 757 SRR EE b
7 ) JIE L TR REURE /)N

B4 SR B - A A 2
Fig.4 Furnace-strip temperature in heating furnace

for continuous annealing furnace
:l: N
4 én e

(1) FELZEA AU S TR R SICPE Fn 22 R 1)
D5, JE T R2 645 T DA B G b ok R 11 e 3R
I B A 2

() TEf EL45 b R2 - MOPSO .4 [t
dMOPSO 3 Ak H 047 A% A= T il 2 Vi i
KTy 1l A B A A TR B N PR s SR
.

(3) % R2 - MOPSO %% %} % 2218 k.
POMBRBC AR A AT LA R AR P AN
TRJEZLR. LR A7 IR REFETE PR AN T 248451
[FIB AT 34 1A% 5 vk = Y BRIR IR 9%

%k

(1] ERE AR EGLHEOR 0 &8 BRI
S[J].%L49,2017,34(1) ;1 - 8.
(WANG Guodong. Development , current situa-
tion and prospect of Chinese steel rolling tech-
nology in recent years[ J]. Steel rolling,2017,
34(1):1-8.)

[2] HAEL AEWAREL T A AR T]. 5L,
2016,33(3) :56 - S8.
(BAI Jianguang. Development of stainless steel
strip cold rolling process [ J]. Steel rolling,
2016,33(3) :56 -58.)

(3] Fhikout, FARE. BrHoRTER FLAT N I 220E K
BRI T]. Tk g, 2017,39 (1) 14 -
17.
(SUN Zhibin, WANG Linjian. Application of
new technology in continuous annealing fur-
nace of cold rolled strip[ J . Industrial furnace,



740

Tk B B OR E eE R (A SRR )

o534 3

[12]

2017,39(1) :14 -17.)

R A I SR N PR B A i 7
LS D], W . AR 2012,

(LI Fei. Research on temperature control meth-
od of continuous annealing furnace heating sec-
tion for stainless steel [ D]. Shenyang: North-
eastern University,2012. )

FRAE T AR B A i G A 8 E
FELD]. YRR AR LR ,2014.

(ZHANG Tingyu. Research of reheating fur-
nace slab temperature model and furnace tem-
perature optimal setting[ D ]. Shenyang : North-
eastern University,2014. )

SeRAG, A, SRAT A i b R Ak 15
FERILT]. A 3441 ,2000,26 (4) :537 -
541.

( CHAI Tianyou, WANG Zhongjie, ZHANG
Li. Optimal setting model of reheat furnace
temperature[ J]. Acta automatica sinica, 2000,
26(4) :537 -541.)

sRELAE. H9BRE B 5 25 A A
PRI gY [ D], K% JOGER T R,
2004.

(ZHANG Kaiju. Iron & steel metallurgical re-
heating process modelling and integrated opti-
mal control [ D]. Dalian; Dalian University of
technology ,2004. )

LIAO Y X,SHE J H, WU M. Integrated hy-
brid-PSO and fuzzy-NN decoupling control for
temperature of reheating furnace [ J ]. IEEE
transactions on industrial electronics, 2009, 56
(7):2704 -2714.

EHE, B . 2 H bR OB REOU LR LRk
[7]. FAER G FH2,2010,5(5) :377 - 384.
(WANG Yan,ZENG Jianchao. A survey of a
multi-objective particle swarm optimization al-
gorithm [ J ]. CAAI transactions on intelligent
systems,2010,5(5) :377 -384. )
FHRIE, 208, T80, . SR AL
PRI ER SBR[ ], o LM TR,
2017,28(14) 1759 - 1763.

( BAI Zhenhua, WANG Yunxiang, WANG
Rui, et al. Comprehensive optimization technol-
ogy of roller profiles in continuous annealing
furnaces [ J ]. China mechanical engineering,
2017,28(14) :1759 - 1763. )
FIRAE, E o, dA A, 5 R R b AR
JAE 2 il B R (1], HI 8k, 2016, 51 (2)
62 - 66.

( BAI Zhenhua, WANG Rui,ZHANG Yanyan,
et al. Shape online control technique of steel
strip in continuous annealing process[ J ]. Iron
& steel ,2016,51(2) :62 - 66. )

HOW, W HE, R = AR TR A BB
PID fy il B R GE T ()], B A%
51,2018 ,48(2) .43 —46.

(HUANG Bin, XIE Guojin, LIANG Wusan,
et al. Application of reheating furnace tempera-

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[22]

ture control system by hybrid fuzzy PID[ J]. E-
lectric drive,2018,48(2) :43 -46)
PUREREIN S W N Szt U
BRI R T ], 4L89,2017(4) 11 - 5.
(LIU Xianghua, ZHAO Qilin, HUANG Zhe-
nyi. Prospect of artificial intelligent application
in rolling[ J . Steel rolling,2017(4) :1 -5.)
KUANG S,LI Z,YU A. Review on modeling
and simulation of blast furnace [ J]. Steel re-
search international ,2018 ,89 (1) :1700071.
ZERGR BRI R R A BT GHE PSO A
W1 RBE #1252 160 2% f) 3Bl I 2 [ 7] m st
T R4 ,2014,38(3) :337 - 341.

(LI Jiejia, LI Xiaofeng, PIAN Jinxiang. Tem-
perature control of annealing furnaces based on
improved PSO and fuzzy RBF neural network
[J]. Journal of Nanjing University of science
and technology,2014,38(3) :337 -341.)
AT SRR, 2Rk, 25 AR XIRAOE X 2 2k
B KA PR IR A 2N [T ] 498k ,2015,50
(5):34 -37.

(BAO Renren,ZHANG Jie, LI Hongbo,et al.
Influence of asymmetric flatness errors on strip
wandering in continuous annealing lines[ J]. I-
ron & steel,2015,50(5) :34 -37.)

TR/ ISR JE A0, 55 B PEIR G AR
IR P SR [ T ] ARERIFR 22 4k, 2016,
28(1) :44 —-49.

( XU Xiaoqing, HAO Xiaodong, ZHOU
Shiguang et al. Temperature control stategy for
hot dip galvanizing process| J]. Journal of iron
and steel research,2016,28(1) :44 -49.)
BRARHS B BT CI2M - CPUB1 iy H.%8
Bl R[], &R b #2017,
42(7):189 —193.

(LUO Dongsong, HUANG Haiming. Control
system design of vacuum annealing furnace
based on CJ2M-CPU31[J]. Heat treatment of
metals,2017,42(7) :189 —193. )

ZH BRGSO A R AR eR
BB ST R [J]. 3R 4 BE TR, 2007,26 (2)
55 -57.

(AN Yueming, WEN Zhi. Evolvement of the
study on the optimal control objective function
of reheating furnace[ J]. Energy for metallurgi-
cal industry,2007,26(2) :55 -57.)

JAIN N K,NANGIA U, JAIN J. A review of
particle swarm optimization[ J |. Journal of the
institution of engineers,2018(3) .1 —5.
ESMIN A A A,COELHO R A, MATWIN S.
A review on particle swarm optimization algo-
rithm and its variants to clustering high-dimen-
sional data[ J]. Artificial intelligence review,
2015,44(1) .23 -45.

BROCKHOFF D, WAGNER T, TRAUTMANN
H. Indicator-based multiobjective search[J]. Evo-
lutionary computation,2015,23(3) ;369 —395.



