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Abstract
rotating direction and frequency as input and three-phase electrode’s current as output. Its model parameters such as

The smelting process of fused magnesia is a strongly nonlinear industrial process with three-phase motor’s

submerged arc resistivity, molten pool resistivity and molten pool height vary with the change of smelting process and
particle length of raw ore as well as its impurity compositions. In this paper, a linear model and an unknown high-order
nonlinear term are adopted to describe the smelting process of fused magnesia, where the unknown high-order nonlinear
term is described as known high-order nonlinear term at previous instant and its change rate. A linear model is used to
design the PID controller, and compensators for eliminating both high-order nonlinear term at previous instant and its
change rate are designed as well. Then the PID controller with output compensation is proposed. Meanwhile, the one-step
optimal feedforward control law and one-step optimal regulation law are employed to design the controller parameters.
Simulation experiment and industrial application in fused magnesium furnace show that the current tracking error can be
controlled within its target range during all the operational time by the proposed method, when there occurs any unknown

random variation of the dynamic characteristic of this process.
Key words Fused magnesium furnace, unknown high-order nonlinear term, one-step optimal feedforward control law,
one-step optimal regulation law, PID controller with output compensation
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Fig.1 Fused magnesia smelting process
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(53)
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Fig.3 Random noise signal
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Fig.4 The control effects of electrode current y; using
traditional PID control algorithm and the control

algorithm of this paper
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¥ 7712 (Mean squared error, MSE)2Y F1i525 44
A4y (Integrated absolute error, IAE)22 4]
4 PR TSGR AT R, 25 L3k 1

MSE = Yl () - B (54)

k=1

IAE = ) |yap(k) — y(k)| (55)

# 1 R PID #EHI SR SCITA AR SR R v I
PEREPFI 2

Table 1  The performance evaluating table of current y;

controlled with PID controller and the proposed controller

in this paper

MSE IAE

PID il 2.3386 x 10° 0.6431 x 108

AL TR 0.4502 x 10° 0.2787 x 10°
FeAk 80.75 % 56.66 %

Hi# 1 W[ DAE i, R PID =4 5A 0, B
f Y MSE Sy 2.3386 x 10°, i R J A SC5H
IR, AR MSE Sy 0.4502 x 10°, BEAR T
80.75 %0; R PID Fhil Srikms, AR ARE TAE
0.6431 x 10°, Wi R A SCHIER, AR I TAE
S 0.2787 x 105, &M% T 56.66 %.

L BERE WA SR I ik T H M PID
FERTTIR, T VASE HLGE B MR A RN P JA 4 ol
e H AR A
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4.1 ERAEERAP N A X SR L
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5 Fw. %) RS M T AR 2 Fok.
w2 RGN T ESH

Table 2 Parameters of production equipment and
technology
24 Hf
R B 250 mm
HUBR B 1500 mm
PR EAR 2.5m
TR 100~ 150 V
S MRS R] 10h

K5 HIEBEP R R I
Fig.5 The site figure of fused magnesium furnace

smelting system
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Fig.6 Hardware platform of control system
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le(k)| = |ysp(k) — y(k)| < 2000,0 < k < 0o (56)

Hop, BOEMH yop(k) = 15300 A, HIARHLIR yi(k) Hl
il wi (k) BZosn=t (57) Fis.
12000 < y;(k) < 17000,
—20 < u;(k) < 20, (57)
i=1,2,3
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Fig.7 Monitoring interface of control software

4.2 EHIZSMERSHIEE

R AR FEL I A o ] SRAE SR 0 R 1s, 4RI 2400k
gio = —1.4, gi1 = 1.62, gjo = —0.51, ko = —2.35,
g0 =15, ¢, =—0.2, g, = —0.27.

4.3 NMRAMRDHT

%) A AR OR AL PID B i i 2 il
RORANE 8 frzs. 00 : 04 Fh4h, T Ra AL
SEOZ AR RS SRR L, W DAE W IR
PID #HI30CR AR 00 : 32 FFUG, FHism Sk ol
AR AR JE R RACR A 9 Fis. W PAE
TR T O RIS DL, AR SCE AR IS A 52 95
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R FL PID 4 5 35 5 A8 SO ik 7 v i Fa A
ML I RCR F PR BB 84 MSE. TAE #F{TXT L, 45
Rk 3 Frn. RAEM PID %] 8% 0F =41
e B3 1E i MSE il TAE 34 1.3083 x 10° F1
1.3503 x 10°, T R H A< SC i 5 4t 42 11%) PID
J i #% B = AH FRAR LR P (E R MSE fil TAE Sy
0.4260 x 10% F1 0.7743 x 10°, 4 HIEAL T 67.44 %
F1 42.66 %.
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Fig.8 The control effects of the average value y of three
phase electrode currents of fused magnesium furnace

using traditional PID control algorithm
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phase electrode currents of fused magnesium furnace

using PID control algorithm with output compensation
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Table 3
average value y of three phase electrode currents using
traditional PID controller and the proposed PID

The performance evaluating table of the

controller with output compensation in this paper

MSE IAE
L PID 1.3083 x 10° 1.3503 x 108
AT 0.4260 x 10° 0.7743 x 10°
A 67.44 % 42.66 %
BN 0.

RAFM PID FIEMA SIS Fikny, =M
P HLR R BR R 22 P I E A L B R A A 10 fr
- ATDATE Y, SR HRL PID BRI =T HAk HLi
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Fig. 10 Experienced probability distribution of the

& 10

average value of three phase electrode currents’ tracking
errors using traditional PID control algorithm and the

control algorithm of this paper
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