SR A
ACTA AUTOMATICA SINICA

39 % % 12 W
2013 & 12 H

Vol. 39, No. 12
December, 2013

PR TS O B LT E AT 1

BN E T mEBE MR RS iRiRE

ZEMET O OERE RARE!

BB 7 AR S R B I P P R R (0 bR B BT PR B 5 T R
SR JEEIAE ST T 7 h A R ATED SRR S TR 2 P BB M AR S5 A T e SRt T ph B T L 40T (1 PP A
TR 20 5 2405 i RS ASETE0 20 PR 07 5, 2RI 2 MRS e 22 o 28 4 2 RALTEL T4 RS RETEL () e e 28
R T PR M 0 S0, ST M B e RS M I T T 010 T PR 45 20010
G AR, P ALEE, TR, AL, AL

SIAME  REM, SERM, K. SRS M R REFEIR A AR AL, A3k, 2013, 39(12): 2002—2011
DOI  10.3724/SP.J.1004.2013.02002

A Hybrid Prediction Model of Energy Consumption Per Ton for Fused Magnesia

WU Zhi-Wei! CHAI Tian-You® 2 WU Yong-Jian!

Abstract Energy consumption per ton is a main index of product quality and energy consumption in the smelting
process of fused magnesia. By analyzing the electric heating conversion principle, an energy consumption per ton model
of product is proposed by using the law of conservation of energy. For the complex characteristics such as unknown
nonlinear and time-varying parameters of the energy consumption per ton model, a hybrid prediction model of energy
consumption per ton which consists of a main model based on mechanism analysis and a compensation mode based
on neural network is also proposed. The compensation model compensates the modeling errors caused by unknown
nonlinearity and uncertainty of some parameters for the mathematical model. Industrial applications show the usefulness

and effectiveness of the proposed hybrid prediction model for energy consumption per ton.
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Fig.1 Diagram of fused magnesium furnace
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Table 1 The measured effect of arc length
S TREL 1 2 3 4 T
A # (m) 0.043 0.030 0.034 0.029 0.034
B 4 (m) 0.035 0.028 0.039 0.036 0.0345
C # (m) 0.037 0.048 0.032 0.034 0.03775

R 1 R g R T %0 10 kA Wi r K 2
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146 bR E AU IEY) S 21 (Sigmoid) 4% p6 %1 Tan-
sig, i H 2 20 T0 B A s R BOR: FH 26 1 A% i R B
(purelin), YIZxHAFRA 0.01. HIUHBE A La0HE /N
B, ASCEFE [—1, 1] 2 R BENLEL. P28 4 AFEA
KA (18) HEAT £t 3 — L AR 2.
C" — Ciin
Y = 7Cmax 0 (18)
Hrr, C" ARAGIPL P 2N, Y it
ST AL B AR S AN Croaxy Cnin N FHE
W9 2 i NARLI) B K B /ML AESEBR R, Claxe BX
SERR B KE B 1.25 5, Crogn HUSE BN AE
# 0.75 1.
I FLI e FE TR AT W] LLSRAS W B 6 P
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WK F BRI JFORHE G A MR 2, 5 1E
TR HL U ORI ORI A e R, I I ok
I 1) i) o a2 3 300 1A D R s AT SO, 3
RIS, DA, 5 M e R AT Rk ik ) 1) st [ B A K
SH B NE S P A PR R R R AN SOV, T L .
JIT DA A A5 Ay R R S O R AR VR IR A X T P e A%
55 SRS LS A A, R LU T 5 Bk o REFE 1 T
)

AR SC R AR AR 22 1) ELMAN i
2% S B RE B A 7 TR,

SR T 56 LA [ 218 8 gl 28 ) 24 S 3 A58 25 A AR
RN R, AR SOR) T A 52 B NP3 37 3K 451 150
s 73 R BP A& M 4. ELMAN #1248 % 25 1
gk ELMAN e B 48 AT U2, 3 50 41 4
BEATIOUE. FFAEE b Vg (B R FH A RV o i e
T R 2 PRSP I, AR AR 2 O R HL IR
Wi 17 111 2 FR 1 B8 v B3R 45 10 T ASE Y Bl e PR
1B 55 12 A R S o B I BRRE A I s 2. %2
T 2 0 2% 1) B 2 2 19 B B SR 3k 2 s
(K& 25 BIIRME A 4).

el % ) TR 4 RN P 8 TR, TR 45 R 1)

AR ARZE N 7.7 % 5.1 % F13.3 %, oAt
7= R TR 4 B R A ek 25 S Y4 - i HE e B PO LA
Al LA HY itk ELMAN 128 /9 2% () TR AT 5 2 Bt

/N,

| wisiema, A mmiEse4 |

B
|

SR R R T 0

!

[rermnsmas ez z|

I iR 2 33 WL R 7

P22 P
TR BGE IR

| mammwmmn | G

|

| mesasmms, wian e
B

K7 B 2 A B A e i 2 S BD B R

Fig.7 Realization of neural network with automatic

generation the number of hidden layer nodes
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Table 2 The automatic generation effect of hidden layer
nodes number
P 2% 2 20 B K 21
BP 5725 9
ELMAN 4676 10
) ELMAN 4818 10

SRR T R T IE R R TN
B HEERE R TS O T IR R SR g
9 2% [R R ZE MR RIOR, A SCIE R S s R R 1)
Bl AEAT T AR 00T o 28 190 26 AR OR 0 S50 56
UE. CRRAZIE PRI RE SE bR A T(t) Aty A5t
ZAF A IEA N, 0073 BB T 00 IRk TOCRTHE R
TBL=2R, WARESEEE h BRI LRI 50 21 K08t H - #of
2 ZRIGAIE, fe 2R AR o5 2F 1) ELMAN
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