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ABSTRACT

The quality of raw slurry made up by blending, which is the first
process of Alumina Production by Sintering Method, not only directly
relates to the quality of the sintered grog, but also make great influence
on the alkali and water balance in the whole system. However, at present
it 1s difficult to timely measure and stabilize the quality of raw slurry,
which complicates the adjustment of ratio and makes it is hard to achieve
real-time control of the whole process of production. Therefore, how to
implement real-time adjustment of the ratio by establishing the predictive
model of quality for raw slurry, is significant for realizing steady and high
production of alumina and enhancing the competitive power of
enterprises.

On the background of production process of alumina in Zhongzhou
Brach China Aluminium, this paper mainly does research in the
establishment and application of the predictive model of quality. Firstly,
the key factors that influence the quality of raw slurry are acquired by
analyzing the process of blending, then the multi-step modeling method 1s
proposed. According to it, before the predictive model of quality for raw
slurry is established, the predictive model of content for components of
Ca-Al silicate slime and alkali liquor should be established. Secondly, the
predictive model about Ca-Al silicate slime is established using BP neural
networks(NN). Meanwhile according to the condition of alkali tanks and
alkali pumps, the predictive model about alkali liquor, which is simplified
by the principle of hydromechanics, is also established. One of its inputs
is NN’s output and its outputs is the inputs of the mechanism model that
is based on the material balance principle. Finally, in order to compensate
errors of the mechanism model, GM(1,1) is put forward. The
compensated model realizes the real-time prediction of raw slurry indices.

On the research mentioned above, a blending expert system based on
the predictive model of quality is developed in this paper. The structure
and function of system are presented, in which the technologies such as
data communication, database, reports print are introduced in detail. The
system software, developed by VC++, realizes functions of ratio
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monitoring, ratio optimization, data leading-in, data management and

help. An application result in Zhongzhou Brach China Aluminium shows

the predictive model is effective and that the system implements the

computation of blending ratio fast and efficiently, improves the quality of

result and stabilizes industrial production.

KEY WORDS raw slurry, blending, the predictive model of quality,
GM(1,1), BP neural network
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PR TR I A HAR G R BB ORI = I, LR AR 11 1
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YRR, B — 2 AU AT, 45 SN VA b IR E A SRAR K B0 PR U

(3) BB 73 AR o 352 (] PRI MR 70 B0 ) A D AE e P AR BRI 1Y
FENEEIS HECR 20T, e DEEBAT RIS, A4 IR G5 IR SRR
DB F T, XTI 3 AT A I 1 LA P R R TR A EE A9 AN,
BRI e LA

(4) O LU A8 e o U B AE LA o 25l ORHZ — € IS ELS AN BE AL,
KA ZApba AN AR, BEW— A BRATTE AN SR )55 28
HWHE, 90 73 B LS A3 2 70 A4l R BT KON Z005 21 1 2R Sy KA . K-3
INZIRCEL . b, B> A HEPTH N TR RDTEE S 8¢, BT =60
PLE AN NI e n] ARG — A, 15 5 2 B R I e s ify ARSI, —JBeAS
SR RERE R, PR A R R A SO e . AR AE
R e B R, G BE A U 2t SR i i (s 1o HL 380 TS LU RS
B B 8 3 T LE R B R I BEARME B 4%, 3 AF LR REE N N ML, $2“ 7
R BRI, R RC EEHEAT KR A, S RGE R T A R AR R bR
A, AE LSRR A

(5) FRbrR A PEsR. b 2.2 Wb debr i AT BUE H, & L 23R s
FEAHEL ORI, X — A Fabn (R 4 S sZ i 2 e 1 9e b, BRIt Mkt , w
DAV BB R, AH ]I 25 AR Ak EE R B, e i s AR R ) /K i
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A IPURE M S SRR (IR, SR BN Ae R i) SR 2 PR E = RV AE
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AR DBR T BRI AT o M Ah, R E T KRR HOLREA
(16 /> A FHAT 24 A B ) FPRER S Rl 45 R R R, EHEHAAN 2 5054
TP ME; IEEARYEITAT A RISy, ATV, Uit T A AT
HPNA S, ARGV S A ALE BT B Fa b I FREAT LERL, AR e il A
B fl, SEATADRLRE) KRG, [FRE, XS T 24 AR ZEEAT [ R R IE R TH A
RS EIN KA, AT =UCRA; Si4h, Rl A RSt B
FE) AR ZEXT HAZ BT IS5, S5 245 1 o025 1 3B S 45 F R A R P21
AP, PR RE AR AR ORI, BRI UL, il a2 TG L REA T AL
SN KL A

EEXTECR LSRG 00, X BREAS ) @UHEATER AN S Ml 0, B T A ) 1)
A, AT R VR S UL TS BRI A LR R TR, R . AR
HACAGIRC LE DA e A RE R IR e o G SRS B LIRS ol HH KRR O S LR, At n] B
EAEIE R B S, A& = UGRBCIE R, AT LOE 2 b i
WILE BREEREN H 1.

2. 4 RIERRREMBE RSN

SERER M S AR R TR A, BEAT LA, PR AR IR
T8, gl b UK S Wi A REIE T R (1) 2% ol D 5 EA T 0 AT S AR SR I A i R
SRR R N SRR S, M ZAT JsUhl g s oLl AR5 COURT sy
ol 55 o

ekl LS sURH 4 52 50 A Al IR, BT ASSORHE 3 (R RSUE 7 BE A BC et
PO TEE M —ER™ s BT AR BRI ABR & Rl Al 2 o e L R, T
BRI A7 sy B B LUK o a2 S AR AR RE b s A7 AR T 5L
PHEE; iR I B R e, e RARDS, BRI R R AR 1Y
JUFAATRM s WAy T2 B2 X PR AT AN T AR IR B L s 1 el = 221
HPERER KO A b, AH R T Ras 5 AT R R b 1K) A8 Rl o sy, B DU L
BRI A TR AR N b 2 38 R FR AR AR, RGBS 7> I AR A 2 A AR
DR A (=7 AR IEW-a4 5% 4 S K (N3 s 5 L O e e P TR R B e =% ST
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T .
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3.1 BRI S & B R4 M 4% T AR 2Y
3.1.1 B S & BHBIR ST

TRV 2 Mt Ak L 20 A RS A Rk 2 L 207 AR TRV B 20 BV VR 5 SR,
TRA LB IEA I, HEAR KB, HIRG 2 G #H 2 e kAR A=tk
RN BT, fEBURE L EB, BN S BE 8 /NI AR — R, K gt R
i fa T LA BTEL, FEBAA LIS OL T, ARME B 280 123k 45
TR B o 2 B A A R

TERCE TP B, s AE 2 /NFE — R, FEEARIIK 7y A4 a2 AL
FATE . AR S 2 A I B — IO IBURE B 15 2R I 25 R KA 75
T2 90 PR, TZRE FTARER I REA KA St AN N N B BE WL T TG
BT, BT DURSTI 45 S0 A 77 IR A2 9 5 1) o ARIK 2Ly s B8 2 4 I Ta) It - 1)
(55, e IAG FES B 7 AR A R Sh AR L R, BT DA SR 28 B 5 el i o0 A 1A U
Hn DA Ik R R ) s i, A A R R T AR

T K 22 B0 22 (1 ) 1) 270 T AR Y — e R e 1k 1), 2 1 [RDABETRY (AR) S T 3))
SFEIBRMA). BT S TR (ARMA), 6 TRER & X Fh 22 8 2
LR (I AL 21, AR ST AR AL o N T A0 W 284 g AR B 1] 3 471 g A
(o —FhAg ) T H, Ol FH R A e A 2 P s 10 3 20 ) TSI i) R0 o 2 D 8% S 3k
FIRLRLE i RGeSk 1 B IE N AR B ) 2% R 4, BA AT 2 S ROt

16



H R RS 2 1 S R RN SR o) U

ke s, WLl 3s. A, IRARCIZ AR AL D fE . 1T I TA)
e 5 TN W] AR DA —Fof oy 3 520 S5 v SRR A K K S SR il AL, DRI e LA
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N

B 3-1(a) ARELEAR LA B/ 3-1(b) Bk

(1) Fi e M2 A2 02 1) 340 ELATESR 1Y), R RRIE] 3-1(a) s (AR B4
H AP L,

(2) I JRBAM 28 i), I 3-1(b). Ronfi B A M B s e

N LAPE 2RI T A 22 P 2t (R VE 220 e, FETENAT FRRY A

(1) = I IFAT

N A 0 2% 5 1V 22 AH [ 0 1 B AL B B0 0 TR IR ARG, £ JEL AL B A K A
BLURICH AT I A 2 U REA T, SR, AR SR (E B AL P RE

(2) AR 2 R AR

S o KEH M oA, JFE I T A, m
EAEIG, SEHLT A AR B4 AR 2 A] 1A PR .

(3) R A 5 AR AZ T e

PRI 250 0L [ B 1) 9 265 &85 1) BB A% S IG5 R IKCAZ , T T2 (45 )R A7
i AEAN G 2 1A ABLE o IEABUE B AN Bt A7 1005 B s DRI 23 A1
ARG T30, AT 2 BAT R IR T

(4) A5 200 A 3E Y RE

ML I GRAN 2 SRR P 238 (AU 55 4548, B ARSI 8 2% > BE RG34
B BN REST o

1 N AP W 22 BAT IR R s s, A2 I 28 FAT ] BRI AT T AR Z P pR AL
(KIREST, AL, M2 MERARTIE & T AR E RS O 1 o> il e 9 258 (X1 25
SESEE  ASEE R 22 5 N B S (KT X 2 S5 A, R A ol ol IS A T A 2 X 2 S
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3. 1.2 BT XEKE SRV T E1EE

IREAAMN AR ORISR e R, SR il & s I A E R R
%o {EESLTRINBIAYIN, AR I 5 RS AR A AR N, B S
PREE LG TR, A0 e G & AN AL & RIS & A 25, LATE
A SR, WEMERE ST, HE A M AL B .

(1) 83 5 PR3 B e U AN AR

T AR A I, e v ARSI () & M 2 1 TR B AR LA AR E , T LA
B3 ) L IRAFAE —RIAH AL . AR MRS R, ol S bR —
W5 AR, BR T 28 AR AS 5 10 D s s e 21 b, 3E N %% I e LR
JSA3 B R £ G R ) o TR S P 2 S PR T ASE 7R s [ B R P 22 A ) ) 500 140 g
SAFE R, SO AL B — B AR s e o DRI, PN AR A
R T IR A A B [ D7 A AL, IR A AR AR, A
Asa oK S AT I . SO A . A, AARE ARk EALER
SR IR P S B s AR e I 25 TR A N AR R

(2) 13k JCHR S 2 e e B N AR N4

T I 5 VRS> B AT N, e LA 2 RS 1R D SR BB A R A S s 0 8% ) i
NAZ &, AR UAN M7 5L 208 S e, ) SR K B BRAR v (R DG IDR B 43 BT (1) 7
5o REEEEAHT T IS SAME I N 2 5 347 NN R 2 M R I DR .
10 A) L T SRR R 720 5 AT A R A1 ) SGTR B , A & 1R 7 TR — 28
iff o P28 D0 8 B N AR R AN X L, m) DU S0 B s R ) TR P 471 x, A A 7Y
MFAT AR, ML EEEH X (=236 ) IEHRZE.

WIS % k7], T A5

X={x|ie N,N={,2,---, mm>2,

% = (Xi (l), X; (2),- X (n)),

x (k)e x,ke K,K ={1,2,---,n},n>3},
g

min mig1|x1 (k)—x, (k)| + dfnile’l\lx nklea|1<x|x1 (k)-x, (kx

70 00 = X 0 e () (0 -y
EMRNF L, FE[01)TPBCERISEE, WEelol], —HILE=0.5.
7(%.%) =3 7 (k) x, (k) (3-2)

nig
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SN2 (T = 2 VAT S R RN SR o) U

Horrp(x, (), % (k) A x, 2 BT FUI, P81 x 76 x (k) 522% 54 7t
2 (k) AR R E WITRRE N &, (K) s w(x, % ) AF I x 5 2 F KR ORIRFE
FITRIEN 7y o ARORIRARBOMACORMR LA GE KT 0 H/AN T8 1 (Msesl, Bfeni
PO 1 (EARER 1D, R REMEen, 2y,

DA B 18] A IR e o Rl Kot (LK 3-10 , BAx A S, it

X v Xon Xyv Xgn X FUTFN X IRIRIRLE
& 3-1 BEE AW AR
R B [ CaO Na,O Si0, Fe,0; AlLOs H,0
21:00 6.60 35.50 5.23 0.58 12.87 50
23:00 15.40 14.97 13.38 1.26 27.20 50
1:00 14.00 18.12 12.94 1.23 25.42 54
3:00 12.58 25.39 9.45 0.96 21.09 57
5:00 7.85 31.22 6.95 0.78 15.30 51
7:00 8.30 28.42 9.24 1.00 18.46 56

HHEE 3-1 TR, ISR 14E XA
= (6.60, 15.40, 14.00, 12.58, 7.85, 8.30)
x2 _(355 14.97, 18.12, 25.39, 31.22, 28.42)
x3 =(5.23, 13.38, 12.94, 9.45, 6.95, 9.24)
x4 =(0.58, 1.26, 1.23, 0.96, 0.78, 1.00)
x5 =(12.87, 27.20, 25.42, 21.09, 15.30, 18.46)
x.” = (50, 50, 54, 57, 51, 56)

FEVEERICSERT, ToREEE T, DR A 2000 B ai B s 3 AT B AR
HINRe e e A Fm A FIm e v Le e %, @8 )s, (IHAR
AT S B AR S, TE “RAT L #edchy “nrbl” "7 Mo st e
HEAR AT VI AC AL B, 4

%, ()= %K)/ x(1), i=1234,5.6,

k=123,4,5,6,

RYMEA N
x," = (1, 2.3333, 2.1212, 1.9061, 1.1894, 1.2576)
%, =(1, 04217, 0.5104, 0.7152, 0.8794, 0.8006)
%, = (1, 2.5583, 2.4742, 1.8069, 1.3289, 1.7667)
x,, ) = (1, 2.1724, 2.1207, 1.6552, 1.3448, 1.7241)
x,” = (1, 2.1134, 1.9751, 1.6387, 1.1888, 1.4343)
x, ) =(1, 1, 1.08, 1.14, 1.02, 1.12)
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PN TR R VATS'S O = R ) RO AR 0 TG

AT R B-1D) PR KRZEMENE, T ERER,
A (k)= [, " (k) =%, (i) s 1=2,3.4,561F

Ay, =(0, 1.9116, 1.6108, 1.1908, 0.3100, 0.4570)
Ay, = (0, 02250, 0.3530, 0.1000, 0.1395, 0.5092)
Ay, =(0, 0.1609, 0.0005, 0.2509, 0.1554, 0.4666)
Ay =(0, 02199, 0.1461, 0.2674, 0.0006, 0.1768)
Ay = (0, 1.3333, 1.0412, 07661, 0.1694, 0.1376)

MZEFP A b 3k e K 22 e /N 22

max m.?X|X10 (k)- Xio(k)I = max max A, (k)=1.9116
min mkin|x10 (k)- Xio(k)| =min mkinA1i (k)=0

WE=05, WHRKARE, H

5x1.911 :
(k)= A, (|(<))5+ 0.59><1.69116 PRS0

LN(]
E,(1)=1,&,(2)=0.3333,&,(3)=0.3724,&,(4) = 0.4453,&,(5) = 0.7551,&,,(6) = 0.6765
EL,(1)=1,E4(2)=0.8095,&,,(3) = 0.7303,&,,(4) = 0.9060,&,,(5) = 0.8727,&,,(6) = 0.6524
E,)=1,&,(2)=0.7347,£,(3)=0.7513,&,(4) = 0.8756,&,, (5) = 0.9853,&,,(6) = 0.9616
E(1)=1,E4(2)=0.9477,£,(3)=0.8801,&,,(4) = 0.9848, &, (5) = 0.8725,&,,(6) = 0.7866
E(1)=1,E,(2)=0.4448,&,,(3) = 0.5064,&,,(4) = 0.5823,&,,(5) = 0.8631,&,,(6) = 0.8859

1 (3-2) A3 AOREREE
%Zblfu(k)= 0.5971, 7, = %i;}(k) =0.8285
k=1 k=1

1 1
Via = EZEKM (k) =0.8633, Vis = gzgls (k) =0.8842
k=1 k=1

1 6
Vie = nglé(k) =0.6958..
k=1

s BUE IR, YRR A0 85 1) 5 B S A R & R By, BN
VISP 1 s S AR 5 RN R AT B o (B IRRA S RS SRR EE AR K
T 0.5, UL ES o & AL e RS & AR ), IS B
¥ 2% (1 s AN AR EEANELR 22, BT Ll S 0 UM i I 221 (R s I el ' A el
e ML R s TSRS EAT AN B, EEAT 5 20 10 i S A A
CENL G 22 S BERLIN MR A AT 0 DR R T 5 211 g
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LHEAE RN R 4T 10 i A K
3.1. 3 MM LRI L% T

FEEE HH 5 25 J 0 8 TR 28 I 88 AR 7R S A S A R 1, I TRIAT LSRR 45 4 481
I A PN S ) 255 RIS o AR S P B 20 BT (R 518, B e RS I 4 (R A AN AR 5 0h «
BB BT — B 20 DA 5 o X SRR B i x, « RS i X SULER B X,
IKOI T X s AR PSR L 204 S MRS X v Xy Xen Xon X5 0
HH AR A 2 1B 2 PR AR 1

iR =2 BP MM 4% BP3L - Y (AL = 10 4>, AR 1 4. Ax
M) BP Bt =AM o2 d s, Hi FEBCY NS, TRERAREE,
e BRI S . SR IKIME 0 MIERRA TSR, F 2 RN E ok
AR, g 3-2 fros. Hd x (i = 1,---,10) RoREEA L 2% 15 AN AS 5
y Ko Hnh A

B 2 oA BT LR 256 A R(3-3) T A 2

_{nl +0.618x(n, —my) N =M (3-3)

Ny

My —0.618x (M, —n,) n, <my

v, n, BEAEEG n RN EE, me R A A R
N, =16, TESZBRRIT AR R b —sEw i, e B2 e otk 20 4> =,

k+1 2

B 3-2 RAEG 2 A7 4 M L8 TR AR

ARG Ry AN 2 W XA ZE R B 3-2 P, Az 2 T T 5 (3-4)
TR

20 10
y= Z Wjotansig(z W;' X + ij )+ b° (3-4)
j=1 i=l
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Arh, wi LR | ABRE Z ST R | MR EIAUE, bl RN | A
B AP TC R BIE, Wi RS AR | AN B R O Ra & 2 B 2 IR, b°
Shy i AR T I B
T JE AP oA 3 PR AR purelin BREL, A TCAL I PR ECN tansig PR
.
tansig(x) = 2/(1+e™)-1 (3-5)

tansig PR EOKRE S A B RS (=1,1) PRI X TE] .
M BE W, P=1--10; j=1---20; BfEb, j=1,--- 200 IZRH
7% BP3L-Y 153,

3. 1. 4 M LRI 2R

7EBP3L—Y MIZBLL R, AR IR IE A BP IIZEE0E, JERTEALY
ST q A ST P P2 PO, D O R A Y Y, YO
31 9 06 P I 26 0 S B Y Y2 e, YO 05 R BT T2, T 2 i 15
FEHRAEHOIRUE, AT (1 =12+, q) I Y R AT REHBEE, s s 12
(35822 P75 FIA BB/ o S AN W A T T2 B R B 77
IR AR 22 (A A TG A F B 9. R VBRI 22 10 AR 3 15
4 R R L, I B 1 A48 177 S B — 20
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ittt & e RN T R (4-6) 115 eV P FIAE t + 1 B ZI Al THE T 5 A Uk -
é““(k+1)={g“m(n-—g}e*k+-?— (4-13)
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1 (4-13) 3043 A S R A 0 2OINEL, JFAREC S Mm i . 2249 1 5 Sy H (B
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FEANSURE a8 0 (R0 458 A e Sl Rk [B] R A i A\ 1 A= R o e S 70 v, it
IR GEE TR TR AR N LR ARG NN R5 T X RGN
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YEN DL, AEFAE A I FU N )2 AT A E RGEATE 5 M EE AT 9w A2 . DL
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RTDataServerOff #iy4 1] AU ML ThRE . ), O AR iR e i FH R e 15 B E AE A
BB e s

@K RTDataWriteEnable iy (M a2 4T85 — RSView32 {5,
Fl RTDataWriteDisable fiy4 1 LHUGHILIRE. ), X ARUFMAME OPC N HFET
BPRT DL e, AT BLAs RSView32 IIARICAH
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#include "opcda i.c" OPC #7422 1
#include "opcda.h" OPC il A7 2.0 SL3CfF
#include "opccomn _i.c" OPC AL 1052 X
#include "opccomn.h"  OPC ALk

@ Witk COM CRFFE

HT OPC &3] COM HoARMIE, P LAFEAE A% 1 22 w20 1 a4
Colnitialize(NULL) BB £ 9] 44k COM g, R, REORHMESE T S_OKo.

® 4% OPC a5 .

OPC %" RENS L F] OPC Heds 4 b, JFESZ OPC 41A1 OPC Hudls i, X
OPC Hudi s ] (i Eilt, G SRS A XAHUH],  Hda s ) (e HLAEAS il R SE L™
LA T
ConnectToServer(/*in */LPOLESTR ProglID, /*out */ I[Unknown **ppUnknown)

{

CLSID OPCCLSID;

HRESULT hRes=CLSIDFromProgID(ProgID,&OPCCLSID);

/ /A COM RS54 #14 —A CLSID, 1l i i% pR AU mT LK 745 £ ProgID # iy
//— A4 FRME— CLSID . 7E3X H! ProgID H{H /Z“RSI. RSView320PCTagServer ",
hRet=CoCreatelnstance(OPCCLSID,NULL,CLSCTX LOCAL _ SERVER,
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[ID_IUnknown,(void **)ppUnknown);
}
X B 7 1R 45 R — AN ) Ik 4548 00 % TUnknown 4% H (1454142 & ppUnknown.
@F% OPC 4.
IOPCServer #1111 AddGroup() /5 7% i] LAG & — /M 4R € B A1 B L) OPC
Mo ERHIZIRZAET, WU E—22 43 2 TUnknown # I #54, I
QueryInterface() /77415 =K I0PCServer #2154t A1
ppUnknown->QueryInterface(IID_IOPCServer,(void **)&pServer);
/1433 IOPCServer % 14541 pServer

pServer->AddGroup(L “ 7, ...,JID_IOPCltemMgt,&pOPCltemMgt);
/IR #5421 TOPCltemMgt $2 145 % pOPCltemMgt
S I 1t .

IOPCltemMgt #% 1] AddItem() /7 7% v] LS In-H A ek Je 1 1 Fi 2 B0 1 2
Palile J7iER
pOPCltemMgt->AddItems(ItemNumber,ItemArray,
(OPCITEMRESULT**)&pltemResult,(HRESULT **)&pErrors);
ItemNumber 4 Z7 AR AN KL KA A NGB BN, B GE L
A VYA BCHERR, T3 IR A RHE, BT 36 MR, 36 MaE R,
LTI 72 N EAEIR; TtemArray 2 OPCITEMDEF KAV M504, &40 & %8s
TR PEANAR R, 20 5 S R0 TE S AT AT i a7 RS View32 Fn 48 il 1227 1) 44
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FHIX P 45 BAF temArray 25 M504l 31T 0) 2614k
©H AT He
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IOPCSynclO [A]25$2 1) Write() Read() ¥/ 5 L3 T Bl 030 S BR4E, M SE
BL OPC %/ (VC N HIFER)A OPC 55 ##(RSView32) 2 [H] (A a A4 . ANHE U1
g
ppUnknown->QueryInterface(IID_IOPCSynclO,(void **)&pOPCSync);
/1433 IOPCSynclO #2 [ 48%F pOPCSync
pOPCSync->Read(OPC_DS CACHE,ReadNumber,hServerRead,&pltemValue,
&pErrors); //ik ReadNumber 445 1
pOPCSync->Write(WriteNumber,hServerWrite, Write Value,&pErrors);

//'5 WriteNumber 0425, WriteValue 24 ColeVariant 2 [ 45 & BHE 5040
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