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Saturation Constraint One-step Optimal Control of Electrode Current for

the Fused Magnesia Smelting Process

FU Yue! LI Bao!

Abstract The fused magnesia smelting process melts the material through the electrode current, and uses the sub-
merged arc method to feed the material while melting. The controlled object is a three-phase motor with the rota-
tion direction and frequency as the inputs and the electrode current as the outputs. In this paper, by introducing an
intermediate variable and transforming the control objective, the complex nonlinear control problem of the three-
phase electrode current for the fused magnesia smelting process is simplified into a linear control problem, and a
saturation constraint one-step optimal controller is proposed. The optimality of the method is verified by introdu-
cing Lagrangian multiplier vectors and relaxation vectors. Theoretical analysis and simulation results show the ef-
fectiveness and superiority of the simplified control method. Furthermore, when unmeasurable external disturb-
ances are considered in the fused magnesia smelting process, a high-order disturbance observer is designed on the
basis of the simplified electrode current saturation constraint algorithm. Theoretical analysis and simulation results
verify the superiority of the simplified algorithm with the high-order disturbance observer.
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Fused magnesia smelting process
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Table 1  Symbols and meanings of parameters in

dynamic model of electrode current
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current ¥; using the control method proposed in this pa-

per and described in [1] and [21]

MSE IAE
SOk (1) BT 0.4502 x 106 0.2787 x 10°
SCHR [21] BOE Tk 0.6631 x 108 0.2115 x 108
RSO H I ) v 0.1294 x 108 0.0679 x 108
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53CHR [21) M EGRAAR 80.48 % 67.89 %
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Fig.7 Error probability distribution of A-phase
electrode current using the control
method in [21]
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trode current using the control method in this paper
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Table 3  Performance evaluating of A-phase electrode

current y; using the control method proposed in this pa-

per and described in [24]
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