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Intelligent setpoints control of smelting process of fused magnesium
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Abstract: For the production of fused magnesia, electrodes currents and electrode circle diameter are two important
parameters, which are high-related with the technical indices. As there are many complex characteristics in the production
process, the setpoints of the two parameters provided by manual operations are often inappropriate, which often can
degrade desired control accuracies. Therefore, the hybrid intelligent setting method is proposed by integrating the case-
based reasoning(CBR), iterative learning control(ILC), PI control, neural network(NN) and rule based-reasoning(RBR). The
applications to the melting magnesia factory in China show the effectiveness of the proposed method.

Key words: fused magnesium furnace; setpoints for electrodes currents; setpoints for electrode circle diameters;intelligent

algorithm

.

1 51 &

FESEBR TAb IR bl o, i AR G i BB 1
W AT ELERER R G BOE (AL, I 2R i (PR RE
Febri R E K. DU 2 [50E l LASR 1S B
AERIBERE AL, HE T o] 5 v P A S Bt il O 28 R,
L2200 T i 125 2R AELBE 58 A N S AR AN e A A &
GERAT R I3 AT RORIX — i,

U BRI A VF 22 T AT Ml FR) 2 22 SO AT K
B BB MRBCR ARSI B I R
e G oL P A A R AN A ) R AR L g T R
e MR R AR, B8 A rl eV REAROK. AE A
TREREREN H NI 5 R, M R AT #2501 0 H AR

%5 BHA: 2010-06-28; f&[E HHF: 2010-12-17.
E&mA:
TEZRIN:

BT G R THE T, SR MRS = S
G A REAE DA ZELR IR, 5 o A R LA R I 1 72
SR BV, AL 03 AP O AT SRR A
Sk . AL PR B LB A | B T SIE AT 4
DT 55 2 S AR, BT A7 07 U, e
AL LRI 0 70 LS L A 2 22
Yo N T2, P PR A P AR A 5 7
A T Y B A R AL, B i
HOREE 1, 5507 B OV R b i R 0 3K, 1
R Y,

1 20 20 A TF 861, 52 461 X i B 47
THFSC. SR [2-31 7 JAE 4 £ F 3ok 346 4 S 49

FH RIS R R T H (2009CB320601);  [E 58 H 2% FF2E 34 10 H (61020106003, 61004009).
REAE1982—), B, A4, WHE J DR RS T 5 S5 RE(1947—), B, 0%, A4S0,

F TREBE e+, MR Tk LR ASEELE Tk S HR T



1418 =

S %26 %

MR T ESHURE 7k, B BB HES, HA
REAR S8 AL IO R L OUAE LI X S T2 B4 3
IR (4] X6 FLLAS P AL AR A TR T — bl it R )
HERR IR 73, AEBCA W KU EE R 7 i ML REFR AR
B2 A PR HL R B E L

ARSCE TV LI St BOR I R % 59,
I3 5 YT R B R R RN A R AR ) TR R T
T, AL I AR N - 1 A S L e
J, RTERA AL 7 b PR BE SR AR (0 B E A, ISR R
W1 T BT th 5 R AT R
2 ETHBEHENSEBUE L
21 HIRERERNRE

7% TV R s AT 0] 2 A A o3 [ml i
BT J P 2 1 [ e 5[] i 1 R AR AR 42 1 b
i 2 JOR S5 A2 T e B 10 R M U2 47 [ it 2 e A2
XS, A R R BOE . T DA AR, AR T
R B R U R e R, AP 1 T, AR
0 L e T [ B SR (0 BT

— AT,
yAr(T) |25 T PI%E )

3
s i e
A aeepn| | [EIER

RSN yy
v AT

G4 e@ i T u(t) Yl
oR e S E B L

B ¢
Ap(T) O

FEFILCHICBR
1) R M AR R
AryT)

<
P

¥ —

I & BT R R AR

yo

HT)

Y+

~
A 4

=
=

E1

2 11 R G0 AL FE e PRI TR R AR L RE TR A
T, TSI 78IS AR A A TR0 2 o 1 [ 5 e 5 2 R E
AR T A i o FBLAR RS P R J 2 4 i

1) FE T 2080 4 2 (1 PELJAC TR AR L IR T i
S8 BRI AR AR E i 4 A 10 0 B8 0 0000 4% A 7 A 4 ol
[ 5 (1 T8 2 M s (£). AN SCORE 2 M8 41 B4 RI01 5 A
T2 R A0 45 A 13 3 i R4 RO R ZH =
FH 16 1 FOAE fids 41 1 H 30 FOIAE 2 B 7R

M7 A BN T2 5 S5 W46 =41, 241
FiA Ve REFE AR r ML A Bi(i = 1,2, ,9) 4
J. S DA PR RBEE A s (). SEBIRY Rt 1 B
7IN.

F1 HEETIREHEIBRGEN
ESVER PO BV
r B1 B2 Bs By Bs Bg By Bs By Ysk

C1Cy C3 C4 Cs Cg C7 Cs Cy Cro ys (t)

@RI ZR: 41 Lol M HIE AN C = ¢, j =

1,2,---,10. j = 1,2,---,6 W EUE T EE, 70 5% R
BRI REFE (0 B ISR BN & SR 5 = 7,8,
e 10 A TR, A3 0 AR R b EORE B BN K
PR IATE L. R My, (RN C = cjp, kb = 1,2,
coo K KOS PR ) A R MO M, IR AHA
e R A A

J J
SIM(M, My) = Agsim(es, ciu) /3 Ny (1)
j=1 j=1

N 8 EBIBUE. ¢; M ejp FIATABLE sim(cj, ¢jx)
1 R A2

1—ej —cjul .

; ; 7]21727"'76;
ey = | ) o
CJEiC““ L =7,8--,10.
EAE W OSE &SIt A€ NP ILE 1

OZE BT 24 S 28 A (¥ S48 55 247 S s T
ANGE AT VLBE I, T 2008 K6 2R 5 21 1 58 B e 2047 = .
M A AR ABLE SIM(M, My,) R ZE G ys e, AT H 2T
T RTINS0 7

K

> " SIM(M, My) X ye
K=1
K

> SIM(M, M)

K=1

@ FGME TEANAE A Ky, (¢) 15 007 IR LI Tl ise
TEAE S SR VO AEREAT LA, A5 i 22 /N T 800 A, I EL
P N4 45K T 800 A, TIREAT S A5 1E Kk
ARSI (RS L, 18 1E i ) SRS DR AT 2 S 09 P v o
Ml R rb, S0 P8 B T 0 S R K B8 iy AN W 5€ 38, A
I SIS IZ AT LI E 3 R

2) AEAETIIRAR L. )] S B HE HEAE 5 H I AE
FESYI R -2 2 R R R 1 (A7 A i T, St
SO B REAEIEAT TR, A SCIE R 20 #r A i O L
M HEREZ ] DR AR, AL REAETURAR A L1 T

3)

ys(t) =

A(T,) = \/gUII((tt))zcos(@T) 4
3a( - ka*ﬁLe)

36007
b To0x (372240 + 56772)

A U LR AT HLE; cos o RoRfIE L R G T A

B o FOR IE D IR, 1(t) 25 211 I 21 H bR

HLUR R E(E; G RN LN o R JEURFR B R4

o RoRJERHT B R T R ORKS R SN TR); L R HL

KBS, Kk, BT RS 3. 7E M e fE R VEE T A,

THARASE 2 B8 AR AR > 7 IR 220 1R 50 0 8 T ™ il 1)
I 5

3) FE T PLEE Il R i A5t 2 AR AR ] 5 1) HL Y

SE AN BT WY HE ANt B, 3 A A e AR AR AL )

7 SN FL U T A AT AR I A SO PLAE 7



oM

A 5 R PR 609 48R AR T4 1419

155, R FH B R SO SRR SRR TR (1 A R 2 TR 1
W2 Arp(T,) = r — #(T,) K™ A= F T 22 {E 1 AT
BRAMEAY yp (Ty). HARTT N

M| Arp(Tp)| = 50 I, 45

Ayp(T,) = Ayp(Tp, — 1) + [Aki (Arp(T)) —
Arp(T, — 1)) + koArp(Ty)l; (S)

| Arp(T,)| < 501, Ayp(T,) = 0.

20 (5) ey FH ko TR S 4L

4) FE T IEAR 2 3) R S48 HE B 1) S AR A 2.
REFE IR S 2R A B M G A7 0 1% 22, TR 0G94 o 42 o
R 5, ASCWT T — AR GHMERY, FS B 45
b A B A R A R P, IR B T AN R
DA I R 2 TR IR 27 ST AMERILA. 2k AR 2% 3] 8- o]
JiikiE T BA EEISAT Y A &, v S
B DX ) 1 5 A R AT 457 A Sk B 4n R B it 2
A P R ) AR IR 2]

Ayr(Ty, Ly) = Ayr(Tr, Ly —1) +
L(T;)Arg(T;, Ly — 1).  (6)
X Aygr(Ty, Ly) RoRGE Ly YGEARS 1 R BTRME
{8 L(T,) Fons XM ah, A SOR FH Z R 7 vk v
HASR, LGRS 1 AHTA.

5) HA T B il . PR T B 4 s SR R )
B 48 1) SR R0 PSR <D 2Ry W A 3
BTN AE 03 R 056 v 42 ORI DU« Jer 280, 8 3 RO ) i
AFAE I 0] 2 e (R T Ay 7 A O,
O T (T4 then (45 18).

22 WMUEEZREEE

5B BE L, N T8 454 PSP
B R4 [ AR B E A AR 1 S A A AR AL I R R AN i
WA TR DR, AR T R A ML
RIS B AR A e DTV, Wil 2 o,

| ORCEEE  ROETE
N

oo [ EL AR A M

FETRBRIGHZ L
HARAMER R

B2 HRUEEEEEREREEHE

P WIRPE P EBUR €/ s VA he - S Rl Al C
2% (R BR O [58] ELAR A A TR, A MR ] A 1 FL I e
Pt /N PR R [ TELA T E A AR 3o R U 2 0
Ao [ FLAR FIUBESE (R BEAT AME2, LAY BRIL T S 224K
HEOR B, AR AR LA (K A 12, D 1 AR

(A RE T EN T2 5, (H R AR SO 1 T idT L3S
W ERAE D3RG 52 53 R AR O 5 L AR R 1 S AL

1) BE T2 I 465 (R Ao [ B AT TR0 A28 AR
{8 FH BP 441 25 00 286 K gt 37 O [ T 450 904 A 28,
NALFEANTR] S AL B A b (X, X, X) A
WO R AR (D), i H A 7 i S e RE, BR 2 A
o0 11 R RSB, WA Y I i it A7 R ECR AN
(] () Ao 58] AR ] LAAS 21N [] 1) 7 it Il BEFE, PRI
I A S5 /N AL I 0T 2 (1) AR /0 53] P A0 B A AR ) P48 Tt
BOE A, B3 P 7s ke b i A7 43 i 76 98.5% B B
N 17.65%, 98% & & K 32.45% M1 97%~98% % &
k1 45.23% IS Bl 15 T AR 5 PRI 58 RE T AL 1) K R
A LA B, R RE S AR A 2 620 kWhyt, S I %) i
IR Lol A% 24 710 mm.

[N
]

8]
[ee}

[\
~
T

i fEFE/ 107 (KWh/t)

[\
(o))

640 680 720 760
D/mm

3 HEMETNT AR REROEEEFN AR

2) T DA ) AR O [ AR MR R 2k
Wb R R S AT A AR ORI, A2 B 28 T
BB TE AR BLIL I 4 A AN B0 [ EL AR PR 52 R, 5
SEHATAE . PR AS G Rl A2 7 T 2RI AR A
TR A, vt T AN R AR O 5
PEAMERSERL. ) e 2 2 i, Herp LOL 2y JsUk o
RIS, By AW STRNIHRESE, A = 1 RRILFFAT
REARAL, € L B E AR MR

F2 HRUEERIMERBN E

J ] i 4

1 A=1and 7% < L.OL < 9% and By = 1 & =10mm

2 A=1and 9% < L.OL < 12% and By =1 & = —10mm

9 A=1and 7% < L.OL < 9% and By = 3 £ = 35mm

10 A =1 and L.OL < 4% and Bg = 3 £ = 40 mm
3 TMkNH

P A BRRD A R RN 18 &, R AR
AR A I R R 2 107t SO AT i) rA
AR B HAR I RO (e A EE A N T4, )
Pz ) (SR L, 45 G T TR 72, K A SO
(7 BB LT T VRN B IR s b A . [ 4 R
h BN R A 2:00~5:00 B8] BE P P R R FEL YR AN AR
D E EAR AR AL AS L. 3:05 Fi14:28 N, 3 FE 4 1F B IR



1420 # Ll

* e 26 &

FAARA, VB TR AR O B8] A% 1 (L LA R 3
BAT T ABIMY. R 3305 TR R AEAS [ IR %0 )

1B47T T s,
14
=
SRR PRl
~
~ — HUHLHI
-+ HUML AL T A
2:00 3:00 4:00 5:00
i Z)
(a) HIHLHIERIALL
750
g 730
g
~
Q 710
690
2:00 3:00 4:00 5:00
I Z1
(b) et B
&4 BRERERRCEEZNTE

®3 REIRERFESHMEITIR

A =0,L.0L = 6.7%, B, = 18, Bo = 250, Bs = 1300,
By =33,B5;=8DBs=2B; =2 Bs=1,Bg=1
305 A=1,LOL=115%, B; = 18, By = 250, B3 = 1300,

By =233Bs=8Bsg=1B;=3DBs=1,Bg=1
408 A =1,LOL =3.6%, B1 = 18, By = 250, By = 1300,
By =33Bs=8Bs=2B;=1DBs=1,By =3

S I8 P 4 SR S %, P R ST AR Y,
RS RE HR L 7= 0 SRR L 1 3 R A, E
TR, IE AT AR 3% oA IS A RE, X 1R A
SCHR IR )7V IE R 2. %077 T 2008 FE B AL %
A AR T RIEFIRIZUR3S.
4 4 w

ok LA FRLJ s i e o e TR B S Y
PN T AR 20 0 8 2 () S B 0, AR SO EE T 2 T2
BESEVE I S 508 B BT J7 i, M ARt A ¥ i vk
F 5 P T A R R R T, RAIE T e, R
A% T 7 i () B B R, SEBL T BE ARG H (10, A
T RUF 2B 28 R 2235

2:00

£ % 3Lk (References)

[1] Garduno-Ramirez R, Lee K Y. Supervisory multiobjective

optimization of a class of unit processes: Power unit case

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(91

[10]

[11]

study[C]. Proc of the American Control Conf. Arlington:
IEEE Press, 2001: 1497-1502.

gL Tk Higr M. db st 16 G Tl At 2002:
111-118.

(Guo M X. Industry furnace[M]. Beijing: Metallurgical
Industry Press, 2002: 111-118.)

AR #e, Z2 ), B . SRR T T T E S B0
[J]. 17fE, 1996, 2: 16-19.

(Gu G H, Qin Q, Xue F. The research for the major
technological parameters of electric smelting furnace[J].
Energy Conservation, 1996, 2: 16-19.)

Fe s, SR, SERA, A Rl T R U L
FEBEI R REE B RG], R ALK A AR IR,
2009, 30(11): 1526-1529.

(WuZ W, WuY]J,Chai TY, etal. Intelligent control system
of fused magnesia production via rule-based reasoning[J]. J
of Northeastern University: Natural Science, 2009, 30(11):
1526-1529.)

SeRAM, TRER, T8, 45 B2 TV fstT ik & 4
REPLALIE BRI E D). AR, 2008, 34(5): 505-515.
(Chai T Y, Ding J L, Wang H, et al. Hybrid intelligent
optimal control method for operation of complex industrial
processes[J]. Acta Automatica Sinica, 2008, 34(5): 505-
515.)

Soumitra D, Wierenga B, Dalebout A. Case-based
reasoning systems: From automation to decision-aiding
and stimulation[J]. IEEE Trans on Knowledge and Data
Engineering, 1997, 9(6): 911-922.

Srinivasan B, Bonvin D. Controllability and stability of
repetitive batch processes[J]. J of Process Control, 2007,
17(3): 285-295.

Saab S S. On the P-type learning control[J]. IEEE Trans on
Automatic Control, 1994, 39(11): 2298-2302.

Xiong Zhi Hua, Zhang Jie. A batch-to-batch iterative
optimal control strategy based on recurrent neural network
models[J]. J of Process Control, 2005, 15(1): 11-21.
Krothapally M, Palanki S. A neural network strategy for
batch process optimization[J]. Computers and Chemical
Engineering, 1997, 21(1): 463-468.

LeeJH, Lee K S, Kim W C. Model-based iterative learning
control with a quadratic criterion for time-varying linear

systems[J]. Automatica, 2000, 36(5): 641-657.



