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Approximate-model-based decoupling controller for electric arc furnace
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Abstract: A decoupling strategy based on the approximated model is proposed for regulating electrodes in an arc
furnace. The mathematical model of the system in state-space form is built, in which the length of electrical arc is considered
the state variable. An approximate model is derived via the Taylor expansion. From the approximate model, the approximate
inverse control strategy is derived for eliminating the coupling in the three-phase arc furnace. Thus, the learning of the
inverse process dynamics is not required. Because not all states are accessible, a neural network model-based extended
Kalman observer is used to estimate the states. In addition, uncertainty compensation in the internal-model structure is
introduced to improve the robustness of the system. The stability is proved by using the Lyapunov method. The proposed

nonlinear controller is verified by computer simulations.
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Fig. 1 Schematic diagram of EAF electrode system
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Fig. 2 Schematic diagram of power supply system
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Fig. 3 Analysis scheme of electrode system model
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1 $FLyapunov pR £
V(k) = bille(k)]| + ballex], (34)

ooy Fiby A 1E sS4, W H X 33)AI=21), 15
AV(k)=bi([le(k + 1)[| — [[e(k)[]) +
ba(llersall = llexll) <
bi(—(1 = ki)lle(k)[| + k2) +
(biso + b2(IG]| — D) llexl]-  (39)
SRR RE T R R ARG 5 ik
2,0 < |G| < 1, B0 < by < by(1— ||G) /50, W
K3E5H
AV(E) < bi(—(1 — k)|e(®)|| + k). (36)
MO < ky < 1, ko 410, 1 SCHR (25170 1
SEH13.1, A4S B IS N AR S) AR A& Al T
THVEQOVE R T R, iR 2 6)% T Hr A ik
e BURAAT A, He(k)ili2:

Tim [le(k)]| < ka/(1 = k). iE e,

4 f/i & 55 % (Simulation and experiment)
4.1 fjj E(Simulation)
AR O3 SR X 4 2 AR I e, £ R AT R

R L SR IR AT O B WL R R
ZHEGERE N W R Gihy = 400, ap = 1, a; = 30,
ay = 200; — XM RIEEE = 35000 V, HUR f =
50; HL AR 2RI B B2, = (0.008227 + j0.087) €
B AR e ds AR L, = 80; IS 4k, = 0.12,
ky = 0.02, ky, = 0.000078; & HiFH zq = (0.0004 +
j9.5492e — 006) Q; KA HIEFHT = 0.05s; & H
BN () =1 —r)/1—rz"H[1 1 1%

RGBT B S AE (10, 10] P BEKL A 35161
B, VR NBUE RGN, It i R GRS 5 = A
HELI, [ B FH 9080 SR 8 B s A SR PR A i, B R
S, e s i B, 23 A S 2 PR R R 22
W9 28 1N k5 . 326 T 200020 11 2k 258

ERVERIY (R 25 7 VA3 3k I o /N 3R 5 i, 1
B PRI, ph 28 W 45 K T ASBPHEVE AT I 5.
h T A B T AR 0 29 2 4, ask HULA ) R R U
A ] A 7893 2 FE . MR 150020 Bt 1 I 25k,
50041 s AE Ay K, 3 ook bR AR 22 K
ANVRHE N 265 254, IS4 T AR 138 5 i 2
BRI 28 745 ;AN B G R T BB, i S rT Anph 2
P 2% 45 AN S 604

2000
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RMSE / A

500 -

0 ; = :
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ML 5 /A
5 BT B R
Fig. 5 Simulation result of root-mean-square error
h T IR T Y A 8 Y 2% i A 42 1 25 (ANNDC)

A BPE, ¥4 B 45 K S5 PIDH 45 (PIDC). K& T-#f
£ o0 5 RS AR (1 HLL AR AR 42 1 2 INNC) 2 B T
SCRF 1) £ L H I 4 4 2R (SVMO) M HEAT L %
FEHI SRS HOEFE IR 1R,

A1 #HBHHBL

Table 1 Values of controller parameters

r1 =0.6,k1 =0.1, kg = 10_3,

ANNDC k3 = 10°, kg = 1073,
o = diag{0.1,0.1,0.1}.
r1 = 0.5, 79 = 0.65,
SVMC  ~ = 476.68, 02 = 9.452,
o = diag{0.1,0.1,0.1}.
INNC s =0.6,n=25,
PIDC  kp = 0.1,k = 0.01, kq = 0.2.
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Comparison of decoupling performance
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Fig. 7 Comparison of robustness
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Fig. 8 Comparison of material collapse
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A BT AT AU F) F I A R T 109

AETF43 0T, FEFR 29 A T AR LR BT h 2k
FRT VR 7 [ FTGEE O 1, DA A R R 92 01 2 1) 1 s
AT IS 1)
2 AMBRAT A sk R ik

Table 2 Simulation result of current A

g TR /s IR/ % IBATIST) /s
PIDC 1825 103214  0.6589
e INNC 1635 9.3658  2.5167
SVMC 825 46054  1.3885
ANNDC 235 1.0846  1.4656
PIDC 14.5 9.6751  0.6476
@pe INNC 10.5 8.9667  2.5083
=]
SVMC 765 6.6137  1.3879
ANNDC 25 1.4061 1.4631
PIDC 22.5 221575 0.6618
jg  INNC 17.5 21.5253  2.5179
SVMC 9.3 18.6905  1.3808
ANNDC 2.7 26.0276  1.4685
H RSO LRI 49 28 ST KR RPT, FRR

ARG AN RIS R G ARZ R A R SE 2 R
ASSC PR S 78 50 BT AR R 1Y 2R GeBeiR Ry

R 0 ) SR T 5 A TR A o 2 [0 A TR e T gk
X G2 (RIR 25 5 B2, T S ST 1R R Y B o A 1) il
B %, BTN R G,
MG R ZR20T A, AT B B3R L, ANNDC,
SVMCHIINNCE il 5 R L 145 G [ PIDC. {H i
FHANNCHY, 3 1 i [ R0 8 ] & 58 /)N, $ il RO
F-SVMC, INNCAHIPIDC. Ff H.5INNCH LA 75 2
FELHR RGP, T RN, BT
S M.
4.2 525 (Experiment)

A S IG AEO8S S I & Y S A KL & B EAT.
P 2% K FH VG 1] T-CPU414-2, HL A 0 S8 FHMAT-
LABE 5 fEBRPL s, 26 R4, d iz
Bl A BRI HL L PLC A7 ML 2 1) 30 8 DL K W4 3E
TTIE W, B RPLC S #4E & I R sk 2 W)l 1k 3% 1
#ZProfibus DPM 4% 5PLCIE . Fritdss iz sk H &
3 A N 2 M AR R o 25 I 2 AR I T A A R
AJ R H Step 7H ) &5 H AL SCA G 7 5 (SCL) S5 404
HL(DB)AHEE & AEPLC b SEIR. BEH RS kLR Fa
RECBACSBLHEAT AL, 5105 sIN SR N 25, 15
B A H LT W 9T 7.
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Fig. 9 Output of the currents

F BT 01, AR SCHE HA (1) 56 T2 AL ASE 2R g L
WAL A 2R, R LR E, LIS TR
10% AP, FFE I I AR IS T) B S22 ik /D>
5 %58 (Conclusions)

AICAEA T T BT R GOIR A 5 R IR At
b, PR T TR Y s SI R g
A ACUASE 2TY P 4 S 0 s o A, Rk S T AR R R T
BRI T SRAE I, AN 5 1 SEBL n) f. J st 3 e
RORBAREM T TG RGURE, I N BLL,
P g I NAEZR RN, SRAIE T RE SR, il
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