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R KFRE ST : Abstract

Design and Realization of Fuzzy Controller

in Automatic Burning of the Blaze Furnace

Abstract

The technology of the blaze furnace requires the blaze furnace vault temperature in stated
time and at the same time keeps the best proportion of coal gas and air all the time. The main
fuel of the blaze furnace burning is coal gas. The press of it changes with high frequency; this
makes the top temperature change, and then influences the temperature of the blaze in the end.
So the control of the burning of the blaze furnace is the most complex control. It needs adjust
the flux of the gas and the air so that it makes the best burning affection. But this makes some
difficulties and larger working intension for the burning of the blaze furnace. So it’s necessary
to find a way to realize the best burning, reduce energy consumption, alleviate the intension of
working, and improve the efficiency of the blaze furnace, '

The research of this paper is based on the automatic burning system of the blaze furnace
of No.3 blaze furnace of Shougang Group. The originally way of burning controller adopts
two loops of PLC with the control of PID. The controlled loop is very complex and the two
loops influence each other. So the effect of adjusting is worse. Now this paper predigests the
way of control, and uses the fuzzy control technology, designs two absolute fuzzy controller
under the condition of the changing of gas pressure and the heat cost with the blaze furnace
vault temperature and remaining oxygen of waste gas as the controlled target. This paper
identified a fuzzy controller control rules, a reasonable choice of various input and output
variables corresponding membership functions, in accordance with the process parameters
and physical characteristics of the object choose the appropriate universe and to determine the
scope of the relevant parameters and to determine the fuzzy and the anti-fuzzy approach. As
hardware capacity constraints, we will control a hierarchical. PLC is only responsible for the
input and output variables and fuzzy anti-fuzzy, Most of the fuzzy of the reasoning process
completed by the top computer. And this controls the gas current and the air current which
participate in the burning separately. So this promises that not only the blaze furnace vault
temperature rising rapidly, but also the best proportion of burning process.

This paper mainly completes the design and realization of the automatic burning system

with fuzzy controller of the blaze furnace. Through commissioning on site, and achieved
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satisfactory results.

Key words:  Blaze furnace; Automatic burning; Fuzzy control; Coal gas flow; Air flow;

Froportion .
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MTEMZEREWHNE, WTHEANEERIE— MENTRIRR, X
FEEH FEROAE DT, NENTENBEEER LT UDAENNRBELFER.

EX—MEHTE, ST LRRERCENTFERREEHEMR. SHENE
RESHEERL, RBATERM S LORBE, EURT — MRS SR T4,
I 3.2 IR R B RS HARTRRRY PHTEY MEHER A R ERE,

wE x={6-5,-4-3-2-10123456) (3.2)
IES) (2)= p(6)=0.2
w(3)=p(5)=07
wm(4)=1 (3.3)
EREX W, Br=23456 %550 HABEALORBEYH 0, HIY, #H
REANEHTFETURTA:
4=02,07 1,07 02 - (34)

HLREBIETA, SHE TR MENRE A RBHLS, RTURAS A
AR M —MER T,

R EREY, HESEEHMRRERBR N HTEHESN EME SR BEY
M. BETUATRRBRAMERE LR E e, METURec RIS BY HENES

{6 {NB NM, NS, 0, PS, PM, PB } (YRR FE .
ERRHE, EC, U LMANMENZEYEBEHESHEENTE, TS
Pk o
. o _
F(X)=exp -( “) (3.5)
g

KPS oM NERBHRBREHENRR, TREREHEZBROFALS
BRRMEHEE, MTERF, SMEBTEL, B, CHEBERHENRTA,
IR, BETRANBRR L, BERMERE, HKEB, BENRC. WERAER
EERMTRA, B, CHTELOWZUMRA, BEMFisEmHLNELETRLE,
BEHEH, H4FEMREELRRZ, HKEB, BREC.
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A

UX) wX)  w(X) He(X)

v

B 32 ARESFENRR LGS

Fig3.2 Subjection function curve of different differentiate

FRAFER, RRRABSRRNEHTE HOBREE, BHREENS;

R, RBENHARTE, SHSHHRLETE Bettfhitly. R, ®F
BEHTENRBENMAN, ERERANKERARSHENENE, ERERD
MR AR ERE PR, 7ERE BT ERRAPRNENE, XHA S
B sl AR R A AR,

WEEEH A EE, AE— MR RAEERNTEE A AR REF RLIER
B R AR B EEVXAHE. FAEE R —MBRRN & MR T
£, BHEEMERRE EAHESE, WEMNMZBFHERE MR, BRATE
B ER VRSN T ENER B EISEET — ARX LR TR RBENEKE
RN, B, ZERE AMOHER MBS ENIER, e sitkaRl.

HANEREE—T, #EHTE RERHASHAMEMTSR) ZRMHLEW.
EFR, B33 Haf s AERHEL TR MENTE AR BHTRNB AR
B, BR, a/hTFa. —BTHaE GMPTELTENRARBE BR/PRHE
RE MM TEZ FNBRERE. YoM, SHEENRBERH: MaERX
o, BERFUENRASHELNEN. o EFNRBIRRELD, FaERAL
N, BEERENARE, RARGREET: LaERALAN, WAMHTR
WKL, ERBHRMERR TR, SHEEARIIRED.

(4) EELAEREHI R A B

RSN %R M E SR R 2 KN R &, THBETER
M —BAT Z BRI 5B

R 5 B2 R R DA S IS R R . BRI R SRR TR
(5w Ty BANSEEYE, RERBEENSRMHANMGERNZE ERITHS
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FRKFREFAAL F=F Bas B0t

EHIEN R METle.
BRI EHR NN, R ERHE S RIINF BB R s
R o

u(Xx)

4

a:

»

B 33 FAREHTFENHELXR
Fig3.3 Correlation of different fuzzy subclass

(5) FHEMEHE FpE %

HRME RSN SR TR, EHEHSNAANRLESHEEHE, mHkiTe
MREEREEHNE, SINRTECEM SRR, SHTERE SR
Z R A E

1) BRILR

RRHE (ZRRETFE) HRhENENTRR SRR LML,

KRB T i — B B A

(a) EEFHEERIL |

UIHETE [-6,+6] 2 MM MELE RS K 7 MEK, B—RIM N — MEBIE, KRLE
EEB RS, T, BE—MRRENN—MEHTE, §XPEMEHT
K, HESLEERZL,

TR, FE[6.46]KMMBEIL T MK E SIS SN BR T THNXE,
IEF, BRATLLK [6.+6] R B R KB BN E )y KREF. WE—6 WERN K,
FINB & FE—4 MERASAF, FANM £5; Ry =—5 8, XA EHEEEERY
KL, BRETF wn(-5) =07, wo(=5) = 0.8, oo > prae ,F, —5 Fi NB EF.

IR R x MLERTEE N [0,6) % [a,b] K 18| ORS00 B 45 4 0 [ 6,46 K A1 B M 2
By, TRAWTAR:
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REXFAEFEAL F 2% s BT

IZ[x - (ﬁ*—b)]

2
YT -9

MERTEHMy EERRESR, TUREAAREERNy WEBY, B0
-49-5-5 ’

DWREEE R, SRGAANTE (MRERRENELE) HEHREUNE,
BT, T BBk [-6,4+6) 2 B RN EREMMERA T EEHEERS
BT E, HERMKI.L

% 3.1 EEEEHON[-6,+6] 2 EEMLLE
Table 3.1 Fuzzy disposal between [-6, +6] of continuous variable

(3.6)

133_—‘:-
5 6 -5 —4 -3 —2 -1 0 +1 +2 43 +4 +5 +6

PB 0 0 0 0 0 0 0 0.1 0.4 0.8 1.0
PM 0 0 0 0 0 0 0 0 0.2 0.7 1.0 0.7 0.2
PS 0 0 0 0 0 0 0 0.9 1.0 0.7 0.2 0 0
0 0 0 0 0 0 0.5 1.0 0.5 0 0 0 0 0
NS 0 0 0.2 0.7 1.0 0.9 0 0 0 0 0 0 0
NM 0.2 0.7 1.0 0.7 0.2 O 0 0 0 0 0 0 0
NB 1.0 0.8 0.4 0.1 0 0 0 0 0 0 0 0 0

(b) BRI 2, B AR K 6 R B x BRL O — MERI TR,
EESCHRBEN 1, Bx SUSMIE SRBEYR 0, B4, EKRHEBWLKTTIEM
s — &,

2) M EIIRRERERTT %

R AR R — MBI R, XM B RRRERPITHN, EREHX
MRS — MR, XSRS R N ERIL, BRERAIERL, ERAH
Reo

— TR, IR TR =

(2) EEBRARBETE

FH R BN TETRBERKKTER R, FX AR R A
Ehe Mk (FREMERER) « MRL

pe(u®) 2 pe(u),ueU 3.7

KA KBRS AT, TREHET, BERENEEERD, BACEEAHER
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ARRFFEFERL ’ FZ¥ Bps Bkt
R—VIANBRRE RSB 0 RIXEEN R K A o B A, REN IR E
A o [ 0 +™)12 G, w0 <a” <.on”) JEHESHIR,

(b) HErP AL %%

MTOAMMEH TR (BEMARXREEN), REMNMEBES S, HE
H R B R S AT E TR, RO 2, BFBNTA%EENSHE,
BHARTEZENZERT NS LB, RONAETENTEEMNEER, B

R~ HE TR

(©) DALTHH e i
BT ER R KB EEIACEHAR, BE TR EREE,

jgggzb“ (3.8)
B4 c= 93+£‘5+—1— 93,901 (3.9)

-1 -2 -3 -4 =5

(= 1)x0.3+(=2)x 0.8+ (=3)x 1+ (- 4)x 0.5 + (- 5)x 0.1

M =
M p 03+08+1+05+0.1

=274  (3.10)

Au(w)
4

4

A 34 BEHENEHERBRHSHE

Fig3.4 Subjection function curve of different control parameter

v

REMZER, ZEMELEEUEREMNAL ENEN TERT 5 LRI ERE
—B —ARUR, BRSSO R R B R TR A 34
B, B4, B, CAMAZHARMROENENFRENML, BARLRIE, X
BESHM L, XHEHERIY —FHEHN. BB RWEN, RWIRELEHR
MR LT HEFENER: BCREENTIEME, BEEERHM, tHir
B, —MRHBEEEREEE, LA A S R RRUT 41,
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RAXRFRLFEAL % =% Ades 84561

(6) iR, EWETFRMLLHIETHIESE

1) REMERRK

KBS BNANG S GREMEZNBNER) HLFEERyZERRIERR
B, EARRTHENERE. BETUE S CRENERREN [-xe+x], RENEW
E AR [reetre]. EHEHBORERES BHE HERFELEERES
BrARE, BEEXH[-yu] BHERERE.

R R AR, BESIRE E RETNE EC EHIRU FTIHER TR
ialeec G lysE ,

E={n-n+1..0],..,n-1Ln} (3.11)

EC={m-m+1,...0,1,....m~1,m} (.12)
U={-l-1+1,...0,L...] - 11} (3.13)

o, nm ] HBHEES. MTEERENTRBELET AN (R, ATH
REEHTEESRTNERER, BRUNKEAR, ERER26m26127. A
i b, MISEITEAM L, WUREEHEE, BhERTHEEER, SHA
FRHEETFEE., LREREY, LSEMETAFREARNLE . HEFLREL
Wi, HTERZARTERNRHRE ESHHLRARE, BELREMIPIORE, £
BRiA e B iR e

2) BHETMEHIRET

eSO R, B ER— MR CREEAM) RHEREX R hE
B HFR) B, PUNFEAABMTIRERSS SERANGED) HTHLERTUR
S RMATERES GREES). BiLdlERHKRAER REIRZER TER AR [ FFE
BERETHEED, HTHTEMEE, WRIERH/MERHERICVERRRRET
HIE— /R REAOE ., X LR PR R EHTEARR CRHE) SENRNIRR GRHE)
M, KHERTRNLARBEEIARUETHRE™,

BURET—BAKET, RENEUET Ke MIRERMEKBUEF Kec 551 H
U TFEMTEARE:

n

Kee=2Z (3.14)
X. X«

SAh, EHEHEEEUEAINEHE, FREREHNTEN, BLTHHEE
PP ST R R AR £ . MR R LGIRE T i T AR
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R X FHREFERL FE¥ BAEH Bkt

Ku=% (3.15)

3) EWEFRLHIE TRy %

BOMEMIESIRR T EA —EHRMBRHNG, B0 AT f ik B ey
BUETHUHABRTRE. KEMRARLERRY, BUEFALARTFHADRFE S
WETZEMAMIER, SRR R E R, |

Bitn: if E=4r and EC =B, then Au=C

HF, E, ECRufBIABEBERNRE, REDUENSHTENEEDE,
Mdi, BRMCAKRREMIESE (WNBNM %), H EREHHN, BEEEE
ALHEURNTE, ECHAu, RESS RN

Au=f (E,EC) (3.16)

R R ANRAERREREN (k) , REBLER ec(k) , 3T RILEERIWL,

REEEIN waivazsc el bR A r ke

E(k) = int(Ke(k) +0.5) (3.17)
EC(k) = int(K<ec(k) +0.5) (3.18)
WA Au (IARFH
Au(k) = f '[int(Ke(k) +0.5), int(Keec(k) + 0.5)] = £ [Ke(k) + Keec(k)] (3.19)
SHECHAT AT RULL IR F Ku | 83 SERR 5 B AR
Au(k) = KuD{f [Ke(k), Kec(k)] (320
st Dbl msig, o
| u(k) = u(k - 1) + Au(k) = u(0) + Kuz D{f [Ke(k),Kec(k)]} . (3.21)
WRENG AR T R AR
y=gu) (3.22)
] y(k) = g%(0)+1<uz:: D{f [Ke(k), Kec(k)]}} (3.23)

LKA, Ke, Kec#l Ku MMHHESE W, Kb, Ke, Kec BETiHE
EEREMBERSEEHBORE, T K WS T % RS+ iR 25 pove Ry,

(1) Ke, KecXtERLHBMRENZH

HE#RKe, Kec AXFTUFE, Ke, KecZALH, LFFEEFRLENBUET

R A S EI RER M. —RTTS, Ke, KecKk, MMAESMEHLEA,
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RZIFR. BEMSEHMNETUESY, ERERMREFEAENBRT, REN
ERESEmA, MNOEHBNRE GHETW FIRESERLRA: MERENR

EEEABMALT, BESUFRESERA, HANEH SN FTRKNES B
/N

Ke SENAMABWE: Ke K, WWRKA, EAEEK, BR, KeWALK,
BERAFEBANEA, WENERA, REFERY, ERAPERETHE.

Kec WA EMWE: Kec K, R RS, Kec/h, RBMR, EAEEK,
T Kec /1, BEIRBARER, FRATHEK, TERNAEREEIE.
2) Ke, KecMARFGRAEMARENER

n

‘v
s R, —BATRNRESRE, FATANRRERLE., —RT
= Ke BTN, REBEHRD, KellK, RARBERUEMKHED. RTTKe, Kec

SEhAN LA RN, Eit, WIRRHEAE D
() REHEENEH

Ku WA T ERARG OISR, —B Ku K, EFHERRR. B Kl
*, BEERKNER, FPENSERESTIE, A—RRARANE K —RAEWH
ZamrasRE.

3.3 R B AR B R

T CHA AR REN S BRH, FESARYESNTZRA, HERKREKA
s R, B BAR, BB AR AR, A AR REERIR R
TR E RS R R A S B.

R AN TR E R BB EASANR, BRENBERARFRARR
(0 E RS, FRENESIETEREHE. EARKPHIRETHRR L BFEN, T
HTEEEREEREX—ERAR—S%, B, ERTEEEXNSHENE—T

2
EHEHRORAGS. EREmdRT, BRRIERN, B, A% MEREE
R ERIETRTR.

REFSTAEENELADBETSANR, RERSTIARNAENRE
{8, HEHFA TSR, FINRERRRIESEZARLRTAE, Mt

g —=)

KAEBNEEEE, Eik, RREEAEMERRHSNEAA. ERENTET,
SERREER, Ei, AE-MEHSHBNALBHZSATR. #RIEGAEE

-20 -



R RKFHEFEHL F=% Bas Beigit
%lJEJm’zHZ, HRRIETESETSHEEML, RIFTRENES.
T, REEHERBRITOSBRNAE, 45 H A MESE SR TR

33.1 MERMEHIRNBMATBET S
() BTRHERBHBORANZRNR A&
FIFIRAE BB AR S TR MR BB LR RN LS ERET A
&, B, WEZEHEHRATEN:
j AR TR SR A AR L T
E SRR PR OB AT
1 BT Concept SRR DR AF FTH WL B AE 9 MAAZ T,
\ FiMl, WEEROEHTER:
‘ () AR TR BEAERAF A R I T R T X
{EXK, EX, E¥F, EM B, fh, fiF, ik, fikk)
PR ERIE S &R EN: {PB+,PB,PM,PS,0,NS,NM,NB,NB +}
(b) FXIP TR AR A IR L2 AT R TR
{EXK, EX, EF, Eb B, fih, S, ik, fikk)
PR EEME SR BREN: {PB+, PB,PM,PS,0,NS,NM,NB,NB +}
©) WEZBAEHESU, HEHTEN:
{EXK, EX, E¥F, Eh B fih, fiF, ik, fikk)
PN EMEZZBYEN: (PB+,PB,PM,PS,0,NS,NM,NB,NB +}
Q) ZARTERMEHBNAAZENALTE
' ERRTER A RRF AR S AR SRR A REL B THRESBE
ERMHFRAEARE TS ARNRUER B ETNELE, Fit, #BEUTH
PMEABMARE:
) BRERESSERSRME TSR ENEEE
WESLEEBMBMEEEC
WMAZBNRAHRENEN TERESZEN:
@BERLFEIETERE R RS RIS E R8N TN
{EXK, EX, EF, EM B, fih, fiF, ik, fikK}
MR KARMEE R BEEAR: (PB+,PB,PM,PS,0,NS,NM,NB,NB +)
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R RFHREFERI % =% Bt Beit
OEHEITEROBUER ECEHTHEN:
(FXk, EX, EF, ED, B, fb fid, K KK}
HRHRERE S B EN: (PB+ PB,PM,PS,0,NS,NM,NB,NB +}
COFHEEAEHESU, HEHMTERN:
(XX, EX, EF, EA, B, fb, fid, K KK}
MR ARESIES BB REN: ({PB+ PB,PM,PS,0,NS,NM,NB,NB +}

3.3.2 JAGhFR B AT I 2R AR AL

NN %R ANEF S s d B P2 KB ELE, ABExERE
—BAT 2 AR IR . kT IREREE R e B N EHIAN, XA RTF oA
TR AT T KM . SR/ HIB AT T B4

(1) BTN B R 2 AR ‘

BB SRAHENRATERBNXR. EEERENANT, WRETHRE
T, R LERANMGBRRD, REUMERTIRERFRE BT, mRBMER
ﬁﬁﬁﬁﬁtﬂ,W%Eﬁ%ﬁ%ﬁ%%ﬁ%am%ﬁﬁﬁﬁkﬂﬁ%,%%%ﬁﬁ%
%ﬁ%ﬁﬁﬁ,M%ﬁﬁﬁﬁ@ﬁﬁ%tﬂﬁﬁ’W%§W¢ﬁ%ﬁ§%ﬁ%mo

RERETEESHENAATENR HEEURM AT RN H R B AR
FEMFAMNAESEE, HMTEHLE:

BT “ SRR 7R A N B AT N IE, BB TR R RS
R B AR AT B K, BN B TRIE B i — S Hul LA R 7, BRI B 1R I
IMESFENES, BRMERYRNTTE”, RE&FEGTURTA:

“E£IRE TR EREDURMEKRN, WEHENIK”, B

“f T=PB+ and AT =PB+,then U=NB+.”

RIE LRI AT, TTLLR S MBI R 7RI BT R RIS, AT LR
BT RIUNOEREHIINE 3.2

Q) FR TR I8 R R

BTN EERE LIS ERENESATSIRERR. SRSTHETEER
wE, PN ERENFERYETRERERD, ZRERK, RFMEERFES
REFTHIET, EXRATERENGES:; BESPHSHEREN, REZWS
SNSRI RS ER S, TRERD, BN, ERFESREIRWMRT,
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R KEMREFEHT

F =% Bmas Behikit

NIZE S8 [ M E AT,

REZSEH R R OMAZRAR LT B RN BRI A B

TENFTHNAESZE, FUTHEidE.

SER KRS EAREROME TR S ERNEHEE AT, HARSSHE
MIRWER EC HIEX, MRS SEEH#—SHE LA -BH 7, NRREEE LR
MESRERGE, BRAESENRGTE”, BEHEUTURRY:

“HREEXHREZURBEKRN, WSHENGLY, B
“f E=PB+ and EC=PB+,then U=NB+.”

TRYE LIRRMAISIAT, T LLS 45 B SR I BT A e S0, T LAZE

BT RARREREHIANE 3.3,

R 32 BRATRIEIRR ORI

Table 3.2 The control rules of the Fuzzy controller of adjust coal gas

T AT PB+ PB PSS+ PS Y NS NS+ NB NB+
NB+ Z PS PS PM PM PB PB  PB+ PB+
NB NS z PS PS PM PM PB PB  PB+
NS+ NS NS Z PS PS PM PM PB PB
NS NM NS NS Z PS PS PM PM PB
Z NM NM NS NS Z PS PS PM PM
PS NB NM NM NS NS Z PS PS PM
PS+ NB NB NM NM NS NS Z PS PS
PB NB+ NB NB ‘NM NM NS NS z PS
PB+ NB+ NB+ NB NB NM NM NS NS z
R 33 TRIEWHBIE SR OBERU
Table 3.3  The control rules of the Fuzzy controller of adjust air
E EC PB+ PB PS+ PS Z NS NS+ NB NB+
NB+ Z PS PS PM PM PB PB PB+ PB+
NB NS Z PS PS PM PM PB PB  PB+
NS+ NS NS z PS PS PM PM PB PB
NS NM NS NS z PS PS PM PM PB
z NM NM NS NS z PS PS PM PM
PS NB NM NM NS NS Z PS PS PM
PS+ NB NB NM NM NS NS V4 PS PS
PB NB+ NB NB NM NM NS NS Z PS
PB+ NB+ NB+ NB NB NM NM NS NS z
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333 ERSEFRERXSY

RSB, BERE OB H R RN,
DREWETFRLAEFEELSH.

RN E T ER R TER RS B ENAANEERNRERENYEEXAE
i, SRR E Y RS EHELRERER . BT R KR
SRFMEANT, B BEFT Y S H R A, i T B MERIHE RIS M1 A
Bk, WHIETF,

(1) BTSN R RS |

RE RS TR H B E S EREME S RECRA T KA R A B2
KA, HETHKIAAZERRHER:

(a) R HE TR B 7E R A B R E R T iR BTG B A (-4.4):

(b) BETRIE R SRR A IR BRI AT F9R 8 N (-0.4,40.4);

(©) MEENU, ETEE H(-400,400), 400 FKRKIRILEE, X RLHT AL A+10%.

T RIS S b 4-20MA FIAHE R IR(E S, &t PLC AL E i AR SR 1 (12
RIEEE) ). STRET 4-20MA (AR TGS, HRAIHLIEECH 0-4095. RIEHHET
SR R A R B R AR BN WORE, BERhESRREEE:

@) BEHBETFRLART: REHHEE, EEBLETFRER 1, KART
B 1,

Q) BEEER RS RRSR XS

RESKETERZHEAANESHERNESRERE T REABNNZAR
AN, BiETAXRMRAREIETEE:

WG S HREREE:

() LHEEASEBE R RERIMESEENEE E H7EH H(-0.4,04);

b) B EEEMNEUEE EC KTEE 4(-0.4,0.4);

(©) BELSEW IR IR B RNISERE N, BEZ TR TR
MW E SRR REEAU, WETEER(-400,400).

@) BERETFREAETF BELNEE, SHREMETRER 1, LHARET
EX 1,
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b K ZFAE R4

F =% B4 Bkt

3.3.4 ERMLFNIEEM LBy A3

B, EREEMUMIEESLITIEZ 8, SoRME R EERNRERRNR

55>,

RIBAEN RERYUERNEN, ERFTERNEBRESPENZER GER
B, EEMRE EAMESEURSEMTE (RERAMHH M TFE) 2 M
EXRMPW, HEELIXHREBEIA Concept HREKMEFRENFRETE, %1
ERRBERBERL. FRERRER WETEMPEHRNRBRERR.

(1) BRIRTEREH SN RB R

@R SR AR AR R T MR R (4,4), ERBE KW E
- 35 F7Re

M35 BMREERNAHNEENRLT RERM %

Fig3.5 Subjection function curve of the top temperature

F DL R R L R R E R 3.4 FTR

® 34 BMREERFAFNEENELT HRBERER

Table 3.4 Subjection function table of the top temperature

-3

-2

-1

0

1

2

PB+
PB
PS+
PS

NS
NS+

-0 O 0O O o o o ok
S N _ O OO0 o

NB+

oSO O —~m OO0 OO O o

©C O O - O O O O o

©C ©O O O -~ o0 O o

O O © O O =~ O O O

OO O O O © O - O O

O © O © © O — m-m Olw
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b K AR+ S % =& B Bkt
(b) HETRIEE KA SRR LR AT F1IS 80 (-0.4,+0.4), LR B R BUNE 3.6
Fi7R

B 36 HTREREASARENELEAT #BEKHES
Fig3.6 Subjection function curve of the top temperature change velocity

SRR B R B E IR 3.5 Frs:

% 35 BTUEREREAHAREMELEAT HREEBRER
Table 3.5 Subjection function table of the top temperature change velocity

EC -04 -03 -02 -0l 0 0.1 0.2 0.3 0.4

PB+ 0 0 0 0 0 0 0 0 1
PB 0 0 0 0 0 0 0 1 0
PS+ 0 0 0 0 0 0 1 1 0
PS 0 0 0 0 0 1 0 0 0
Z 0 0 0 0 1 0 0 0 0
NS 0 0 0 I 0 0 0 0 0
NS+ 0 1 1 0 0 0 0 0 0
NB 0 1 0 0 0 0 0 0 0
NB+ 1 0 0 0 0 0 0 0 0

(© BB RA BN U, BEIEE N H(-400,400), /R EHWHE 3.7

Fr7s o

-400 -300 -200 ~-100 100 200 300 400

B 37 37 ESIATERERNHRU RB R L
Fig3.7 Subjection function curve of the output of coal gas fuzzy controller

St L AR B B BB E R 3.6 T
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FRFAL R34 FZ¥ B H ikt

R 36 BARTEMBEHBMUEU MREBERER
Table 3.6 Subjection function curve of the output table of coal gas fuzzy controller

EC  -400 -300 -200 -100 0 100 200 300 400

PB+ 0 0 0 0 0 0 0 0 1
PB 0 0 0 0 0 0 0 1 0
PS+ 0 0 0 0 0 0 1 1 0
PS 0 0 0 0 0 1 0 0 0
Y/ 0 0 0 0 1 0 0 0 0
NS 0 0 0 1 0 0 0 0 0
NS+ 0 1 1 0 0 0 0 0 0
NB 0 1 0 0 0 0 0 0 0
NB+ 1 0 0 0 0 0 0 0 0

Q) FRBHES RN RE R
@QELFESARRERMRESFIRE S R RN EE E MBI 5(-0.4,104), K
FEREWAE 3.8 FiR,

04 -0.3 ) . . . 0.3

B 38 ZGEASERSAMRENTRSABNEMEE RER KL

Fig 3.8 Subjection function curve of content of exhaust gas in fact and standardence
Sf DL 3R B R B R 3.7
£ 37 IRRAEARSRMRETESERNEEE WRBERER
Table 3.7  Subjection function table of content of exhaust gas in fact and standardence
E 04 03 02 -01 0 0.1 0.2 0.3 0.4

PB+ 0 0 0 0 0 0 0 0 1
PB 0 0 0 0 0 0 0 1 0
PS+ 0 0 0 0 0 0 1 1 0
PS 0 0 0 0 0 1 0 0 0
z 0 0 0 0 1 0 0 0 0
NS 0 0 0 1 0 0 0 0 0
NS+ 0 1 1 0 0 0 0 0 0
NB 0 1 0 0 0 0 0 0 0
NB+ 1 0 0 0 0 0 0 0 0

I
[ 8]
~
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R KFMEFHERL # =% s Beiet

) B EERNEWEE EC Rt A(-04,404), HEBRHXMERLTRE
Ak AR, #E 3.6 1K 3.5 Fir.

) ZRFTEBEHENHEENU, RETEE A A(-400,1400), iﬁ&%ﬂtmﬁ{ﬁ .
RERSEHEGEHRAHEAAR, FILE 3T MK 36 .
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Hm ORI A T, AR DA B B Th BE, LA BRI 2Rt 2
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Fig 4.6 The file of fuzzy controller rules
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SORBMEN AT M-S RRP R ETERSHROMATE, HHTEAN
MR ER T OHIRSHIEABA FZII_EG, M), FZI1_ECG, M)A FZ11_UG, M),
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ik XKFRLF4HE8L FoO¥ BHEs BT
LREFERTEREE,

& 4.1 Concept HFMMH Fuzzy HMRMER S HTIEER
Table 4.1  The fuzzy function block list of Concept software

%5 % , ik
e FZ‘;ZSSTE%M;{‘ENZL S~ TR
BB F’;‘f_ﬁﬁﬁ& FIRREAL M (T R L
wypy  FULATERMST,  FIRNROAMATHEEFRAMAR, S
FUZ_ATERM STR ML B4 RS SR+,

wREE F‘;‘fﬁ(’ﬁ; OR #ff, BRBARAML
wn ngﬁ‘ﬁ&l AND $F, BRBERME
BHEE FZ‘;Z_ESUMU“&‘ENZL OR #ff, BRREZA
B Fﬁiﬁ;ﬂiﬁ; AND HfF, RRBEZH
REHIL D‘;EFZ‘;?EN:L SRR T 4 R T R A
R#E#ML  DEFUZ_STI, DEFUZ_STR ﬁﬁmﬁiﬁiﬁi;@iﬂgf L

TERAFREFH REM T ARMAERRELS B ENE—TF.
(1) BHILIIBESR FUZ_STERM_***: Xf— MR EBATRBL AL B

BIRERA — M REREMCARAN, B HEN NS RNRER AR BT
RN X T RPEIE, HMAREHOSIEERE R 1 ... 10000, X LHEEHR0... 1.

ZINRERITHA E SRR R ETRBUR T S1,82,83,54 DI A ¥R %R, Hi
NIRRT LU 2 3 4 Mg, 2 MAASSI T SHmBIheE, 3 MAA AL
AT =RmEHTIEE, 4 MANSTIT B RRIE, REGYIGL S e T i%shas
FRERTRIZIME . AR SRR BT LRI S TG B K 4 4, 0% 4.2
Fi7Re

% 4.2 FUZ_STERM %+ RESR ) T B it B
Table 4.2 The function introduce of FUZ_STERM_*** block

FREK RERMASE 75 &MH
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e 2 S1<82
=i 3 $1<52<83
B 4 S1<82<83<S4
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Fig4.17 Singleton: function
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*** = INT, REAL

4.18 IHRERFE Concept KUFHIFBRT
Fig4.18 Symbol Figure of function block
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% 43 FUZ_STERM_ ***IiEsRi Nt 15 SHARAE X
Table 43  The input/output signal types and means of FUZ_STERM_***block

=¥ BEAR HX
X INT, REAL MARIEHE
S1 INT, REAL SEI R S1
S2 INT, REAL EIR S2
S3 INT, REAL SEIR S3
S4 INT, REAL NEI R S4
MD INT, REAL MMM RBERERRERE

(2) R#EH{LIhEEk DEFUZ_STI, DEFUZ_STR: #7 & K M L A A8 BE 0 R AS 80
LTRESR

RIRERIEES LME S MARNEEARARE, SREXENTEEHER
1. HENEMAT BN SEL S1... S9REN, F—IMMAUL (term] ... term9) i EHITB 5
# FUZ_MD_INT K& . 0t FREHE, ERBRXAGEEEELO0... 10000, HLH
BEAO .. 1. WAESHRETURE RO EHTRMEIRA 9/, FREAL
HIMESHRER. FERAGSNELESHIELRNARRA. §—/ Mg
RESRAT BUR SR AL B R B SGR KR BRB o

IR S 4.19 iR,
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4+ —IZERO_Y
“* —IMD Y— FUZ_MD_***
aar o]
LT * = STI. STR
: +* = INT. REAL
»—159

B 4.19 IEESREE Concept KT HF SRS
Fig4.19 Symbol: Figure of function block

BN B A
iMDixSi
Y= —— 42)
> MDi
i=]
b, 0 HESHREAMG BELEEAM: 250 =9, MARLESHREN
B XK 4.4 MK 4.5 Fim.

% 44 DEFUZ STI, DEFUZ_STR JhB¢SARMHESHRBMEN
Table 4.4 The input/output signal types and means of DEFUZ_STI, DEFUZ_STR block

S5 ¥R &
ZERO Y BOOL X OB, MHESHBRE—REMHNE
FUZ MD_INT .

MD FUZ MD_REAL MD i Terml-Term9 KR EE

S1 INT, REAL SEIE

S2 INT, REAL SEIR2

S9 INT, REAL NEIE 9

Y INT, REAL B

SR 4.5 TR

% 4.5 DEFUZ_STI, DEFUZ_STR HIfsstiiNMItifF 5 HMEBAMEN
Table 4.5 The input/output signal types and means of DEFUZ_STI, DEFUZ_STR block

A BHEHR X

n INT BRI
Term1 INT, REAL A TR Term] HIREE
Term9 INT, REAL AR Term9 RIREE

(3) MR IRER
(a) FUZ_MAX_INT, FUZ MAX_REAL:EHIEUK
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AIRERAUR TR STHOBKE, FHEER LR TR, TTCER

SERBEABTRLY, XTEMESE, TRARNGHOREEEL 1 ... 10000, #5%

FEEER ... 1. MAFSHRRETURE RN ST MERK 324,
DhRESR T 5 01 4.20 Fom.

FUZ_MAK_ sk
LY L . ml Y
“ —IN2

“*¢ ~——1INn LI 'NT, REAL

Bl 420 IHEERTE Concept KT HIHEER
Fig 420 Symbol: Figure of function block
TN b P

OUT = MAX(0,IN1,IN,u.....,IN») (4.3)
MAM {5 SRR XK 4.6 FR.

& 4.6 FUZ MAX_INT, FUZ_MAX_REAL Ihfsi AR (2 B 2 RIF & X
Table 4.6  The input/output signal types and means of FUZ_MAX_INT, FUZ_MAX_REAL block

24 i EYil) X

IN1 INT, REAL FE—MANE
IN2 INT, REAL B NANE
INn INT, REAL EnMaNE
ouT INT, REAL W

(b) FUZ_MIN_***; REAE /N

A DRERAT AR BT NS 5 RO B/ME, JER RS BR . BT U B i
BORRBABUNLRY, X TRVEE, LRAFHHOSERER 1 ... 10000, X5
FRESERO.. 1. ANESHERT LU REEROLMTMER K 324, TERE
SE 4.21 iR,

FUZ_MIN ek
N1 T
s {2

INn

“** = INT, REAL

421 THEEREE Concept MBS RR
Fig4.21 Symbol: Figure of function block
SN R A .
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FAXFHAEFEAL Fu¥ Bt BNER

REAL : OUT = MIN(1,IN 1,IN 3,......, INn) 4.4)
INT : OUT = MIN(10000,IN 1, IN ,.....IN») 4.5)

B E S HREAE XWER 4.7 Fr.

# 47 FUZMIN_*** DEERBARERESHRIMEX
Table 4.7 The input/output signal types and means of FUZ_MIN_*** block

2 BIERR =98
IN1 INT, REAL E—AANE
N2 INT, REAL BoAMANE
INn INT, REAL EaMANE
ouT INT, REAL ‘ Lkl

43.2 F|F Fuzzy FE R DUARHAIE R
M LA NE T Concept {4 Fuzzy ThESHE T FTR AL THEMIE HIZh RERI T AE SR,
FIFE XTI ae, MR T BEMERSEMEHI R BT BRI E, BN
25 SRt 75 ) 2 I AR (AL B DU R ST X SRR R O 45 RAR T T KRR IR R
fEH ST, TE, REXKAEETIE.
() SREEHYEE R E
B T4 AR ) R (NS B R P S TR RETE SRR ) R R R A
T HIREEE N ENBLEAT, ZSRTHEMSHBNAAREALREISEE
ERAMRERESRENEE E MRS SARNELEREC, FUREREEM)
HEEHTERLAE.
| E&%E PLC MEKEEURRESHSHTEENR TS EBORUMTEX
%, WA R s S A S A R SR SR A8 2 et
I S AR R ST RS SR BRI L, R
FUZ_STERM_REAL ##i (kTR SR # TR AL .
FE SRR R R R E S — S TEE A, AR HRRL
AR BRI B SL IR
HATE RS R, ZRAAE SHREEEN(44), BRENRETR
AEHE ST RNR, BREEEHETERLE, XEESKN 8 MK,
B '
X ={-4,-3,-2-1041+2,+3,+4,} 4.6)
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SO EFHE RS, THEREM=ARRHM T, 25X Z MR S, S2, ...
EHRTARMBE, SANERAHNNREREMHE. TREEROFE, YK
Su=-3,8=-4, FTLAEIMTFREEHMRBRE, WTE 422 Fin, 4 So=4,8,=3, LA
LY EFEMRBRS, WTFE4.23 iR,

e Ce vy
HONRE 10! L
(R FIZSTERMREAL | .~ 4
; 2 4
2 in_datal— X >z strtomd
P8t : ;
& stel— 52 - 2
Grtin o XIPY 00y rd ottt i Ty |

A 422 TRERERHMZH
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Fig4.24 Triangle function
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fuz12_fz_1 term3>—| s41
fuz12_fz_1 termd [>——| s42
fuz12_fz_1 term5[> 543
fuz12_fz_1 termd s51
fuz12_fz_1terms s52
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fuz12_fz_1 term6 >—-—| s62
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fuz12_fz_1 term@ [>——|s71
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Fig4.25 user define function block realization Subjection function

GBS HE SR E XWTF:

(2) dwdl differ temp: RGP HTEEEREANNRENRLT

(b) fuzl2 fz 1.terml-fuzl2 fz_1.term8: £ BIHIEHIZRM AL BIILEATHE K
WIE ST ENAEAEE, RERITARG EAREFERAL.

©) HHESHNHA fuz12_in 1, HAE terml-termd AAHSR, TUFEYEE
HTEBAEUENER. M REDERN TR T L REMIREET. £
MRG AT AE#HEA .

R, WS 2 T RHTRE XA A IR AR AT AT AR AL,
RIBRR I, HiEHA(—04,+0.4), HATHHIAE, XEEHLA 8K, B:

X =1{-0.4,-0.3,-0.2,-0.1,0,+0.1,+0.2,+0.3,+0.4,} 4.7

HEBEEHEE L ERBRYE A AR, — N TRIERENL N =AR
FHAR. HELCBRANESZ KL, RARENIIRR, HITERLE.

SREYENE RN ENEHLLETESESATENERSAARE
R B B, AEFARAT.

Q) BB HIRR TR R E

Bt BRSPS R R T, AR R R NA SR, FREEM
(MEETET, ELERNHRERZE T PLC BFHNERET, HFREEL4E
fuz_dfz_out 1%, ¥4 fuz_dfz out 1 A5 fui_dfz_out_l.terml-ﬁ12_dfz_out_l.tenn9 AA
&ﬁ,ﬁ%%ﬁﬁﬁ%ﬁ&&iﬁ&ﬁﬁﬁ&ﬁt%i%ﬁ,%ﬁﬁ%%&ﬁﬁ%m%

- 44 -



R RFRALF1EL Fu¥ B S0ER

RN S,

REFAERIAE TR TSR 0%, BB U B85 9E B 4 (-400,400),
HRBRHH—NEFERY, — P TRGRENEN AR RRAR. SILETEY
fesbE Y 8 MXTE, B

- X ={-400,-300,-200,~100,0,+100,+2,00 + 300,+400,} (4.8)

RIBEBAAER, TTLARE RAEHLIIAEERA S1-S9 B E. X T &Mk Ly
&, XeHED ErRERERA, BERNAREEE T PLC WEFEES,
PREFFESA fuz fz u | o, 54 fuz 2 u 1 B4 fuz fz u_lterml-fuz_fz u_l.term9 A/
IR A .

ARYE Concept #f RAEMILINAEREI A%, %A DEFUZ_STR N RAERILALE
ThEER, BN 4.26 iR,

488(9) "~ 7
DEFUZ_STR

. — EROY
fuz12_dfz_out_t C>——-o1 MD
fuz12_fz_u_1 term1 [>——1 S1 —L>rate_mody_fz12
fuz12_fz_u_1 term2[>——r 52
fuz12_fz_u_1 term30>—— S3
fuz12_fz_u_1 termd >— S4
----- fuz12_fz_u_1 term50>—— S5 T
fuz12_fz_u_1 termf C>——o SB
fuz12_fz_u_1 term7>——o S7
fuz12_fz_u_1 term8[>— S8
fuz12_fz_u_1 term8[>—- S8

B 426 RAEHILACEMEHKTEESR
Fig4.26 Defuzzifies disposal used defuzzifies block

SRR L E SIS T,

@) BMAETAHA fuz_dfz out 1, HEIERIET LA RIATE R4 B MR
A=A, BRI E RS E B S TR ERR.

(b) MAES fuz_f2 u_lterml-fuz fz u_l.term9 & piiEMI 2 6] S5 L BRI FTHG
EHIRMIE S LEMAGEE, BT ARS LS RERALY,

(c) %t & rate_mody fz12 Bl A—MEHIREHE,

S N AR g

S MDixSi
Q= 4.9)
> MDi

i=l .

- 45 -



FARFALFEAL Fo¥ BHEABHEA

() BHEFISRHESHERTE

Tﬁﬁ%ﬁ%#ﬁ%%%&%ﬁmﬁ%ﬂﬁﬁmﬂﬁﬁ%@ﬂé RERTEE
7l

DU ARSI R ], SRR R R B RS RERTR . R
SR 2 RSB, R REES 4RSI RRA AL E
BN, MLFFRRERHETEE.

BT RASS AT AN BESHIITE, BAETRELY 4-20MA FRHER
B, P85S H PLC R4H AO #HIR{E. 7EPLC %, AOBRIMAEREN 1247,
SRR B AL 0-4095, AEMIIE G5 MM I8 N (-400,400), HEENMTR, ElE
EHAPNEES YIRS FERERS N WE 427 R, VALVE_MQ_OUT_1
BRI IR A L ST, BHTEE % 0-4095, ADD_REAL AIEIIRESR, %
TAE s S s 5 AT IR E B A DI RS, SAMPLETM Ak R4, JLRKIE
BN 1 4%, IR ASKER, AND_BOOL h5Thfksk, EHAVFRME
FlaM BB ERERS.

' . #2(2) , |
FBIL44 (1) . AND BOOL . #3(3)
SAMPLETM , . ADD_REAL
- seoond_contal_aut_selet 1 D— B BN :
- inf—] NTERVAL 0 - VALVE MO_0UT 11— - AALVE MO_DUT 1 -
- | DELSCANS : ' fate_mody frf2[— '

Bl 427 BSIRIHIBIEHI S A R IR R
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Fig5.2 The exhaust gas temperature curve of the blaze furnace
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Table 5.1 The input/output test result of the first table of coal gas fuzzy controller
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Table 5.2 The input/output test result of the second table of coal gas fuzzy controller
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Fig5.3 The form of input flux of coal gas and proportionment of air and coal gas
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Fig 5.4 The real time curve of coal gas and air in old system

e BRRERNE, B HRRERKKE, BT ESRENZRRENES,

R ER TR, RANBFRERSRE, BARENZSAENRZEETER

AN, AR BRI T DA EI7E.3000M° /min £, WE 5.5 Fn AR BB

RAE, BETRTESREMSSAEN Lt TUEINEIHBNBEIED.

Axis Tille
12000000

mm,mmm:mmﬁ

4000000 -

00 ¥ ; [ 1
B 55 BEERSHENZSRENLN B

Fig5.5 The real time curve of coal gas and air in new system

() RERAME

- 54 -

Ty = e

ST i

- e a- 3



b KFEH 24538 FELE BEHBHAHARK
AP HESSERRMBERERT RSN, RERTSENEEENEG, REE
EPRIEF AT LU E B i B KU R B R R T 5B RS R B AT 4R
BRABARELH, REREREENEUFIRRTSRERSONE, RE
Ex KRR B IEARR A R REE BT FE D 0.3%~3.5%. t1E 5.6 Fir,
EFMLE AR 1 # ARPERANTRIL BB EZ AINRE BT HL.

#
H

m— —y

B 5.6 ERRZRSRARNLHERHZ

Fig56 Thereal time curve of exhaust gas oxygenous consistence in old system

REM BIRERSE, MELFRAESEERAMRERL FTHREMEMEED
W, XARHZESA, FAZRETEREHEEHBESRE. BTFNESHE
KkE BOEBE, A2 5RBIENESHBIZSABRRETRENTE, B
QRIFEFRS . ARPREERBEERRKE D, TE, REBTLTEEEBEHE
14%-22% 2 7. B 57 F L BHEATSATEMBHREHBESSREREHR
FEME,

ety
i

-
i

H i i

B 57 %ﬁﬁ%ﬁﬁii%iﬁiﬁﬁ%
Fig 5.7 The real time curve of exhaust gas oxygenous consistence in new system
BETUEEATTHEMSEE, ERARPHRERRAEXE, EAHETHER
.
(3) #EEFXE
BRERERAUR =P REREEEDE, MHUHROES3:

- 55 -



FRKFHEFERL BEE RMEHBAASAR
£ 53 ZRIPRERGESLEIHT k
Table 5.3 The temperature of hot wind of third blast furnace
Ab AFHRE(C) B _E ARERFEK(C)
3R 1088 )
4 7 1093 {
5H 1097 {
6 A 1111 +14 ‘
@) HLhe ¢

t

BEFEN =B R ERESENEPESENLR, SPRSNEFRRNA 1 |
BH TRABENGRD, EHEHRRAATEMRIEFAE . FLEFRTAERR |

SHEMLRS4 55,

# 54 ZEPEFESHERIXHLEL
Table 5.4 The wastage of coking plant gas of third blast furnace of SG

T BEREAE H¥H A EA#NR BREA#MK
(LT k) (ILHK) (%) (%)
5A 244. 6954 7. 89
6 A 200. 4958 6. 68 —18. 06 —15. 34
® 55 ZRFEPESHERXTER
Table 5.5 The wastage of blast furnace gas of third blast furnace of SG
o BFRAE H¥ A EAgmer B EA%M
(FALHK) (FLTiK) (%) D (%)
5H 9405. 4850 303.4
6 A 8849. 7045 294.99 —59 —2.8 ‘
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