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Abstract The electro-slag refining process is a typical time-varying system. The reason

that ESR furnace has very high metallurgy quality is that the melt rate could be equably

controlled. In this paper, we collected and analyzed the running data from the locale, and

then gave the relationship between those parameters of the ESR process. Based on it we

represented a method of building a time-varying system model and successfully practiced it

on the project of reconstructing the 15t Consarc ESR in a plant of XingTai Metallurgical

Roller Group. After 6 months′ operation on the locale, the new control system worked well

and even gained some control features better than the old one.
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S 1 (a) kWR%	G8
Fig. 1 (a) The basic configuration for an

electro-slag refining (ESR) furnace

S 1 (b) kWR�kT
Fig. 1 (b) The basic circuit diagram for

the ESR furnace
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S 2 dkWR�:*jjN
Fig. 2 Melting rate control system for an ESR furnaceLdhL^�l�s^ PI l�s�q�l,F&0��A��sGd^jO�.�PjO^�s{�92�6xau�*nP�T|q,hP$+�rf�
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S 3 ℄�j4C�>k_tGbs_-j
Fig. 3 Comparing integral parameter of the

Consarc controller with the weight of

self-consumption electric pole

S 4 �RYC�=�℄�j4bs_-j
Fig. 4 Comparing melting rate with

proportion and integral parameters

of the Consarc controller
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Kp(k) = (1 − αK)Kp(k − 1) + αkfp(MRs − MRm)
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TI(k) = (1 − αI)TI(k − 1) + αIfI(MRs − MRm) (1)qn MRs ^�9^�r�MRm ^�9^/F�fp B fi ��&�<B\�,2��:2,h�αK B αI ��&�<B\�,2`�mNh2�*9 CARIMA(,(�U2\�Nsm�`�) ^)i���{�/�USPf^0/{|��z`
A(z−1)y(t) = B(z−1)u(t − 1) + C(z−1)ω(t)/∆ (2)

A(z−1), B(z−1) B C(z−1) &I(<~ z−1 ^~y!�u(t) B y(t) ���"`�.
B.H�∆ = 1 − z−1 �"1�<~�\:qr�({|�� d = 1. � d > 1, Td�N B(z−1)~y!n^u d = 1 yh2^M�ω(t) ^���?�Pp4^��w�w&>Y����	j~;;s%|��W[X�vO42r^jO"s�uXrw��� <�R�� N C(z−1) = ∆, T
y(t) = −a1y(t − 1) − · · · − ana

y(t − na) + b0u(t − 1) + · · · + bnb
u(t − nb) + ω(t) (3)W[�"^

y(t) = X(t − 1)Tθ0 + ω(t) (4)qn
X(t − 1)T = [−y(t − 1), · · · ,−y(t − na), u(t − 1), · · · ,−u(t − nb)], θ = [a1, · · · ana

, b0, · · · , bnb
]TN ε(t) = y(t) − X(t − 1)Tθ̂(t − 1), qn θ̂(t) = [â1(t), · · · , âna

(t), b̂0(t), · · · , b̂nb
(t)]T. #V\{|,2V>\��E��*9�>'\0~^gV�}�><��

θ̂(t) = θ̂(t − 1) +
P (t − 2)X(t − 1)ε(t)

ρ + X(t − 1)TP (t − 2)X(t − 1)
(5)qn P (t − 1) =

1

ρ

[

P (t − 2) −
P (t − 2)X(t − 1)TP (t − 2)

ρ + X(t − 1)TP (t − 2)X(t− 1)

]

, ρ &'\0~�| ρ = 0.95,

P (−1) ^�._r^�*9p
(hp}^:2�^d1(h�\�$*sh(hUF ∆u(t) ^�L�O�<q&v�{|,2^Q�2�^TjOFX�
J =

N1
∑

i=N0

[ŷ(k + i) − yr(k + i)]2 +

Nu
∑

i=1

λ(j)(∆u(t + i − 1))2 (6)qn ∆u(t + i) = 0, i = Nu, · · · , N1, �"P Nu &I(hF%O�O�N0 &�}E/�D�
N1 &�TE/�D�Nu &(h�D�λ(j) &(hp}�K�%Æ� λ(j) ^72�N0 = 1.
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S 5 (a) a�/I_ P j4D"Æ&_ P j4��
Fig. 5 (a) Comparing proportion parameter

from the model with the one

from the Consarc controller

S 5 (b) a�/I_ I j4D"Æ&_ I j4��
Fig. 5 (b) Comparing integral parameter

from the model with the one

from the Consarc controller
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