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Research and Application of Arc Furnace Electrode
System Based on Dual-Mode Control

ZHANG Shi-feng, ZHANG Shao-de

(Department of Electrical Engineering & Information, Anhui University of Technology Ma’anshan Anhui  243002)

Abstract An exact inverse model controller is constructed, which in accordance with the characteristics of
the electrode control system in arc furnace. The arc furnace model can be identified on-line. The nonlinear
multiple-input-multiple-output (MIMO) plant is converted into isolated dynamic decoupling pseudo linear system
based on radial basis function (RBF) neural network that applies nearest neighbor clustering algorithm. A
dual-mode control strategy is presented, which is based on the proposed RBF neural network inverse controller and
a proportion differential (PD) controller. Result shows that the controller has rapid compliant ability of process

changing and good robust performance in practical applications.

Key words
network

arc furnace; decoupling;

AR, BEA SR A B =, AT
HLSI [ sha il AR H 2 AL . 78 = AHAC U FL oIk
W EFEGIRG T, AR TR G RS
RSy, T AR R m K AR AN K RE
MR AT FE. FARATRE RN AL = R 1 v,
WM 5 B BRI I R IF T — BRI BT ). (g
TIZRG A MERMZ A E, JFbE. 1A, i
ZTMAIBIT A E RN RS, — b=l
() T RE S B N S — AME G I e, % 18 3 b 2
W28 3 R G VA S T — RYVE R,
o KRR MEIERE ). A2 S RE I RERE R s Y
PEfE RLUF I RGO, 4 T 38 RS vk )
SCINAER SRR AR Lt RGEW ) TAE . A SCHEX —AH
AL LBl R GE R A SR R, SRR H
P42 ) S5 oA BT 25 4% (Radial Basis Function
Neural Network, RBFNN)SEZHIELRIGHHIR 5, %

WA E 1 2007 - 07 —22; f&[IHM: 2007 - 11 - 10

dual-mode control;

electrode system; inverse control; neural

T B ) 5 PDY IR 45 A (2 e S
1 JE&MESENBSRFGRRBFNNZI

T AT AR e R e, W 220 7 Rk A
v+ =f(yk), -, y(k—n+1),u(k), -, u(k —m+1))
(1
K ARG wEEHE S o REM
B mAINIEIR . JHRBENNX RS 5h A2,
(I EHES ISR
u(k) =gk +1),y(k), -+, y(k =n+Du(k =1),---,
u(k —m+1)) Q)
Ky +1) 2k +1 I ZIM R G, & —2 1l
s u(k) 25 y(k+ 1) XN HIEN . AT
SEPIRBENNZE [, w0t =RQ)m 5 —2, £431:
u(k—1)=

FEETH: A R BEIH01012053); HUEEE T HARAHFTI0H (K12008B104)
eI GktIg(1959 ), 53, Wi, EI#d%, FEMNFEEIENE KN PR HS T,



146 o7 B HOK %

374

g(y(k), y(k =1),-, y(k = n),u(k =2),--,u(k —m)) (3)
JHRBFNNR V7 ARG B A 1

X () =2, + 3 29(X (k) = C,) (4)

At My RBFNNEE Y sl %0:  ¢() 4 RBF;
X(k)=[y(k),y(k=1),--,y(k=n),u(k=2),-,
u(k —m)]" JRBFNN[W#A 0] &, AR —A i
A ANNFIE T I 4 D57 27" SR i 28 0 4 oy ief
EARGE, WEI1PIR.

»(6) u(k-1)

I -1
e
¥ 24
BT
ENE))
ke =n) ulk—m)

K1 H-JFHR S 10 B HUR SEANNRY I R 4%

L 1 e A o 28 0 4% AN FH Rl 30T IR ZE SR e TP )
FA AR R B R B)T Ig()), 27 TISRRAEY R 48
(5 ) 245 . RBENNIRSET 2 4 ¥y 345 A 75
WP m, TICT A R RS ECF AR,

2 ETRBFNNEBER R 5 NS H TR B
B AR HAR R G 2 3 T RN
i,(k+1)= f.(k)

iy (k +1) = £, (k) )

i,(k+1)= f.(k)
X i g iR AR AT £, (k)=
o Litk), i(k=1), -, i(k—n+1), u,(k), u,(k=1),--,
u, (k—m+1), u,(k), u,(k=1, -, u,(k—m+1),u,(k),
u,(k=1), - u(k-m+1)], f (k) f(k)ZF;
U s U s ARG 5 K AR R G —
J SO G (G B8 v 0K ) 2 R A ), DR = A H
RO AL, TR R TR RS, P = AR IE
u, (k)s wy(k)s u, (k) SHH R (k+1) « i (k+1)
i, (k+1) Z B AR Xtk A, R IR 4 45 40 H
A A BRI AT M . AR SCAESE T RBFNNTEZE
TR ) Al b A RS ) 3R 4 45 K (A ) T 12
FiR o

B2wr, Q. () MAMHRG I el Ky
W R GBI CAEEHIE 5 u, (k) u, (k) ST AR i
Wi (k+) AT &Rk B By B
B P, W4 i, (k+1) « i, (k+1) BN, (k+1)
sk shimN, PRk

i(k+D)=i (k+D)+i (k+1)+i, (k+1) (6)

SEBR AR, AT AR UGS B ) N (n=3):
[i,(k) i, (k=1) i,(k=2)T )

i (k)
i(k=1)
i(k-2)

o (K)

K2 ARG AR S 1

(k)
RBF
wee |
Mg | 4tk-D
(8)
y(k—n)

I3 JEATHHIN LS ) 85 R SEANNIN E R 5%
H B R 1) H = IR 45 R SOk AT IR IR 45
K, BB . RIAR S 55 T RBF M2 0 2 41 28 HF
IR EED a5 5]
u, (k=1)=g,(,(k),i,(k =1),i,(k - 2)) (®)
ASOK AR R GEBAH . CAHAT AT KR &5 550,
R 5 ARA LSRN 5 1K FE BT A3 21 300 R g A A
P'(NNID) 5845 T AR BAX CAHIRY & 52 .
TR HR I T B A SR R 51K RBFNN , 1 %
YUY S [0 B i 2, B P7I(NNC) =
P7'(NNIL) , AT A 159 5 4808 47 1L 72 o 4 & A7 75
P'(NNC)*P, ~1 , B %A F i (k+1)=f (k)*
Salk)*i (k) =i, (k) , {EREASRT G AR AR RSk
NN S, T, AF ARG S
il 1) R AR Ze MR B sl . By CHIARTE I
B ARAZEIR] . IR, A0 AR A 1 = A AR
ARG )7 R B AN T s e . ST
I AR IR R IRBENTRGE AT 2627 ) Ty idift s 7R 2RI
SIIF, AR ZRAT R0 I 0 ARG 1494 I Z1 s N A
AR, HES0ME R RIS I IIREA, IXFEIELE
W EHERS, BITSBLAEZeas 2], fEdedsdl, R
OB by e 7 Tl 2 0T F Rl R B S BURS A 4%l . %08
FIEAR RIS TR, A T — R (2)
JIT R R RUASEAR Hll SR e o B
u, (k) =1,k —1)+u, (k) ©)
u, (k) =K [e,(k)—e, (k—D]+
K,[e, (k) —2e,(k—1)+e,(k—2)]



513 ISR

FEL IR H A 3R G0 US4 T SR AT 50 K% T 147

M TR AR, ISR, PDEEI#
N WP R 2R AT 2 S R R R . HARAE
PRI NBRZE e(k) Bu,, (k) R0, MIAE H S
FEFEHIA 4 3 AT, DU B B PD S s
MIEH . B REZ BN, anhtad fh
G SRF MO S, Rk, R4t
N EIPDYE ], A R, R R
PERIEFE T

3 MAHR

x10*

4
S2t¢

0 i i i i i
0 100 200 300 400 500 600
/s

a. AR LR

x10*

4
2L

/A

0 i i i L i
0 100 200 300 400 500 600
t/s

b. BAH LA AL 4%

i i i i i
0 100 200 300 400 500 600
t/s

c. CHIB WAL IR
K4 =AHEB R ER R )

ENRLRE b R BB AR ) R 48 T A X SR )
70 L AR i R AT SO AR T . 1)
24471 4570 tLF P Ay e D e Ha I, eIl AR He 2 45
HOAN14 MW, R HLER N 182~305 V, 431344,
F B L IR 42 R VS L 16~40 kA . REEPENIZAT
i, R TR AR RS E BRI R, R
5 BIR 2 FE AR PR AR VR 2 A LR B e RS SRS
FIIZ By 5 5 47 1) AR B 1RO I 0RN A IG RR 1) 40
Brhde. e a4 m RARNIBAT, SO
BENPDEE R, M HNE e H 2], Bk
IR ZEBIEE, A0.05, 7628 HF R 25 il i 1 22 1
{HE,H00.005, FIPAMEIEALAA0.000 2, =A%
FLERYIMEAN0.01, FRAE RS R A BUA W i 2
REGMANNBUE, TS ERAL I d T R . AR
RTHNA LB, REHEELUIZR20 s/i, SEAXU

H S A i3 B S DR A . B4 F s34,
HLRBEE21 000 AR TR BOSUREF il iy il =
AR, THEEZS.3 ‘C/min, HIRHEsTEHE<
£10%. 1M [AIFE 3 2 4F T K H 3 M PID 4% il S 7+
14K 4.8 C/min, FELFHE A0VEHE<+20%.

4 % it

AR AL T RBENNY ) 4 HF R A S, %)
G = AR LR R ZE S B T S I A £ ) 2 A R A 4%
i, g 2 AR R A AR LM R G SRR
ML PR RS, R RGN — AN AE
Lo BE NAR RS, JF SIS R 23 il s 5
PDPE i S AH 45 B IOV R S, BN T 42 el i
(ISP A o IV 5 R U R AR 2 ol S s LA R Ay
MIFERIOR . X i I ke B C e 2 B i i 2 %
o, ROET RO P R LR T AR RE AR
RE.

Z % X #

[1] HAUKSDOTTIR A S. Current control of a three-phase
submergedarc ferrosilicon furnace[J]. Control Engineering
Practice, 2002, 10(4): 457-463.

[2] MORGAN P C. The continued development of the electric
arc furnace[J]. Ironmaking & Steelmaking, 2005, 32(3):
185-192.

3] R ZE. %AW LA AL 4] 69 DB S & 25 (T].
Tk Amdk, 2000, (1): 1-4.

[4] & 5%, &k, A9, F. SOF RN R ALK
WP A g B R [J]. B THARF IR, 2003, (2): 100-104.

[5] CASTRO L N, ZUBEN F J. Automatic determination of
adial basis functions: an immunity-based approach[J].
International Journal of Neural System, 2001, 11(6):
523-535.

[6] DAI Xian-zhong, MENG Zheng-da, Shen Jian-qiang, et al.
Robot decoupling control based on ANN ath-order inverse
system method[J]. Robot (Chinese), 2001, 23(4): 363-367.

[7] PLET t, GREGORY L. Adaptive inverse control of linear
and nonlinear systems using dynamic neural networks[J].
IEEE Transactions on Neural Networks, 2003, 14(2):
360-376.

[8] Iy, A aedidl A4IM]. H2R. KT Hd R F B
#+,2006: 227-231.

[9] fi%& &, TK£B1E, Kb 3L F E N LRBFAY 2 W 46940
YRR R AT EIEALT]. A ISP, 2004, 19(5):
5-7.

[10] k81 2, K4z A, RBFF% & 3P IR ke AR

[0]. Z# K F4R, 2000, 24(1): 72-78

% 4B

et
%



