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The research on the Control for Steam Pressure
of Powerplant Boiler Steam Drum Based on
Fuzzy Theory

Abstract

In the modern electric enterprises, because of many aspects of demands for producing
safely, saving energy and reducing cost, raising productive efficiency and so on, The
computer control system has been applyed to powerplant control. But the controlled object of
powerplant burning system is the complex system of non-linear, timing change, pure-lag,
long-delay and multi-variables coupling. It is difficult to adopt the routine PID to obtain the
satisfactory control result, because there is no accurate mathematical model.

The Thesis deals with the upgrade of boiler burning control system for a powerplant in
Shenyang according to the real state. Considering the characteristics of the controlled object
of boiler burning system, I adopt routine PID controller and Fuzzy self-adjustment PID
parameter controller in the thesis, studying and contrasted the two kinds of control systems
comparably. On the basis of constructing the mathematical model of the boiler burning system,
the setting value disturbance and the response of coal inside disturbance are studied in the two
kinds of control systems by using SIMULINK simulated software respectively. The simulated
results have demonstrated that self-adjustment PID proportional parameter is superior to the
routine PID controlier. The Fuzzy self-adjustment PID proportional patameter possesses not
only good dynamic characteristics, but also good environmental adaptive capacity.

The research result has demonstrated to be feasible in the theory and practice, which is a

matter of significance for the project in practice in the future.
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Fig.3.3 The algorithm flowchart

-38-



Ak FmdFaak F =% Eidesie) BRI Tk

ARG WAEE . HABTIESHESE FEREE, kp. ki- kd BfE
HnF:

TR

Y

Kp Ki (K

R «® _ FID y(®
- e P % L

R -

B 3.4 HEEEH PID EH B4 HE
Fig.3.4 The structural drawing of adaptation fuzzy PID controller
(D) HEBI RS Kp BEF R MR RGOSR, RERKWIRE. Kp @ik, &
GWNBESR, RENETHEERE, G548, ETL3BREFRE. K
BUERE D, WEBRORE, EWRGREEE, AW, $REBE. 254
(2) MAEARE K SHEARERRANBARE. Ki B, RANSAREN
FREb, B Ki K, ERMEEMSRERMAMIE, IS Em R Rk
. BKidd, BEREHSRERUNE, BWRKNLERE.
(3) FAERRY Kd MEMRZERANSIARME. HERATEREMMITES
WHEIRZE AT AL, SHREZWETIRNTR. 8 Kd Tk, SEmpdias
AU, MK R, WHARERSENH TR,

-39-



ALK FHEFERL FoOF BSGE LB R G SR AT 4 AR

WU AR T RIS B S R
LTS

4.1 FRJ™ 802 E[E R RIEIEH| RE IR
4L1%%F&MEW%%E%%%%&

R 802 FRPVEZGNHAS, AT ARARRMASES, WAL
RAZHEKER. TRERTER, RAMPEARKARE, ZFEEHZERHS
EEAEREHBRE. RPRERRK. X FRERUEBEFESHE. Bd
AT, RIOERAZEEARPEHRENTERERPBU LEES HENEER
A.

BATRBUATE 4R 442 ) AR e 7 LA F DY 7 T 3 2 R -

(1) BEFHEHTR, WERPAEE. MERPKL. SREEL BXEH.
FIRGER . R RE RIS HEE R B RE LA RELRET R . X EREH
HART, TAKSGEREAF; BN T REMA TSN

(2) RWFBIERE, PRAGESFSRISELR, FREA, RRAZHREY
KR

(3) BHHRE, ARk, NERPERRER. RERPKL. KeEHFEE
2R ERERE);

(4) P E, T/ APLERME WPKATEERERARIRRET, A8
BATE, WIPRERE.

HTEME A& 802 FHRFORL, AFFAEHAR. PREDIHRUESW,
BT AT 805 4 SR 2 F i R A AT v DL B A BGE LAUR BB R AR HE . WD IR
R, REARFUEE. WATAFBRENRRBLFHENEERE.

4.1. 2 FRI ARG EEER

W ZERRF R ER R, BHRKEAERT SIMATIC Step7 R7UF=H, %Kit
A F>R B SIMATIC & WinCC. 7E#ITEAEI P RITEE T U T REAEN.

(1) BRAREDHRHENROBHER, B2 EABIGHTRETNR, K
BEL MK ARREFREAREDRS, RARLITEHAR, HhEE
P A LAY & R

(2) ERIEEHRERE. TERMIRT, ARESHRLRE., S5, GRS
BHE, WEmHER.

(3) BRALFMRRE TEMBGERRAMNT 7, TEEFETHZHE 20 CPU

- 40 -




A EHEFEET Buvd Bt A 85 I A P A

WM VO AR, NIENEERR.

WinCC £ SIMATIC 24/ B S L O E 4 . Z— i/ A%, F—iiEes
% — R A SR A LR, K SIMATIC (0% B4 —t— A
SEAOHELRZ T, X2 SIMATIC Manager. 4 —(3R44E & 7E LIS TRE B
REERARIEE, FRKBET TRRA. 3L ELEERNRRERETE
KHZ4E.

WinCC 177 R 14540 H EML AR AL T B2A0F 4, 1T WinCC B T 3%,
BN R RAES, LIaER bR FREMMEIN, WinCC X ERSIRE,
BT ERESEFNER, FTELEMREES TR WinCC ThEES ISBAEE
WInCC ¥ Hi A T AT T AL B I R SR S E &, WinCC B4 T4 S
Wi, BEZSNIRESL, #LAGAENEBNER,

4.2 FHIRERRBMBTE

HREFRRERANCERBEIR—HEANE, BHNRASERE—RERAT
BrEs ARSEN, BT AENEHSTERRHENNEERE. Bk, hTH
RENRBIERE, K05 EEBET LR AERETHRE, 58RI
HETELANBEMTALE, ZERARMHEHEFENLIUEERER, RS
.

ERERIBEERBOTERS, RIEAFIR BT THERE AR, ATF
FAMRP AR, EAXNEZE, RITBLELHRSCLME: EREERIFIE
SIS, RAFEVUAYIRITRE Ly T8, BIREBAMRHEN, hiEHERR

wo(sy="Tu o Ko s # @.1)
Tos+1

Bid B R E T AR R SRR A E LR X, T ARERTH
— BRI B BOREY RABR IR RFTRANA IR B PN TS Y K.
Too 7w BB RIETER BRI fh 4 LRk AE.

AREERT SN ERTIREIRE. WERNKMEN y (0) EELEEHA,
RERENLEERAZR AN, NTBEREHRAREN . ¥ K%
TRIHH.

K, =X2) ¥O °°A);; Y0 £ (42)
1]

HHE . b, BEEEy (O BRECHERHHR v+ (¢), B

y C¢)

1) =
Y y (@)

® (4.3)

-41-



RALKFHL FEEL Fod Bl AL R R DEH AL T HER

vk (0) AEEHBAMYEREEME. FBE 32 HE KL & NE XA
0 t <1,

y*C o = i=1y £ (4.4)
t>1,

EXPRERASLEN T, A v EH RS R A SRR BT R, kst
Ji%ﬁ’l‘ﬁ%ﬂ t A Tes ﬁq: t2>t12 Tw M?ﬂ“iﬁ%%*ﬁ:ﬂ y*x (t,) *B y¥ (ts) %gﬂj_ﬁ-
WS A RE:

hotw
y*t)=1-e T A 4.5
_tz—-tM
y*(t))=1-e T A (4.6)
ERE LR ESH TR L EHIF
t, -t
T, = 2~ A @41
In[1-y*(t,}] - In[1-y*(t,)]
_ tdn[l-y*(t)] - tin[1-y*(t,)] # 48
Y In[l-y*(t)]~ In[1-y*(t,)}
AT HEFEBE yx (£, =0.39 F yx (t,) =0.63, W EX AT’k H:
T, =2(4, - 8)) X (4.9
T, =2t -1, = (4.10)

EBBF AT A AEE R RN, FIRNS BRI S, RITRAZRK
W E ML R ERRE AT ES A, BICEBHERMIMNE R T, M w .

-42.



FAbAFHEFHL Fo¥ s e R NE O HESARTHER

# 4.1 BrKR
Table 4.1 step experiments
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y (o) - 360 364 3.78 3.75 3.93 39
y () 1.404 1.420 1.472 1.463 1.533 1.544
y (1) 2.268 2.293 2381 2.363 2.476 2.495
tl 201 199 197 195 196 198

t | 368 364 363 358 358 366

K 32.73 33.09 32.87 32.51 3275 33
T, 334 330 332 326 324 336
™ 34 34 31 32 34 30
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e, R ER AR RN ZBBIEMHARE, UETIRBAARETIEE.

(3) WA EHIERNRE R

UM RERITHS REEHIRENZLES, MABSHEHERTIRESLH
B, (EHREE. BUREN T TIHRERE, R TR MNE RS R,

4.3.2 SHMABEEX

—BABR T, EARFMIEI MEC] F, #isdfEx28 Kp, Ki, Kd HABEERT
HEmMT

(1) HE|BRH, AERGETRIFMREREIER, RMEKH Kb 58400
Kd, B e REMN HILBCCHER, R fERmLURE], BHERKi=0.

(2) HE|RTFHERNE, HUREWNAGHR/ IR, Kp NEKNE, X
MRRT, KdMEBENREEEEX, KiREEEY,

(3) H[EIB A, AERARTREFORANAE, Kib5 Kp MEE KL, R b8
SRAERCENIHIRY, KdENERRALNEEN.

HRIER BT RIRR, & 45i8% PID 23, TLlRkB L RMEMEER. BY
HEgEe, sR0REHE, FEE - CRRtEE, Bl Siih HaRH
TR . |

PID BREHHE TR RREAARE, T PD B REE RSN
HIFR T, A RREEANAE. 5—MAFS N PID 55584 3B S ¥
REEH, RAMMREESRE, BERE. B4, 73 PID B¥GTEENLE S, PD
ZEMBEERRE —ERELNRLE, TAR £ SNE, Bk aEmiER
TEMRE LR RE) S HRAMBERENTE.

4.3. 3 PID =l R G AT

EFRXHE DRI TREEHRANSN. 430k TRIRP IR RS0
o BHARGEWER 4.1 .

RO ERIUE D EHNRRE L HARBRIERRE. ERKEHBHERTE
TERGM L ER, MmN REM A ER. REREEERES M HTINTER
FARMESYERRRLE, EREDAWE PID2 (EHRTHR) SWAFIES R
REHRS), EHRE. BR. FINEBERESLENAEL, UMREPEEREBE#
HRLAEN. BT PIDI MARBERATE. RUERTRGET LA EEHE
B, WA DUREE SRR, R TR MR R E .
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R K FHMF F oL Fod SMEHEL PR IIRMEARTHAR
AT HBRBENE B RS, REFIA TREEHNESHES . SR EME R A

I, MEE T R R R B & A, IRBIE MR SRR IR A,
B EAAELIE A MBME 56 B TR R L.

D j= Gs(s)

|

Py + 4+ 1 n M P,

T PID2 PID1 = Gas) — Gi(s) -

Bl4.1 EFHASLEHE
Fig.4.1 The structural drawing of control system

RARGAMARGHREENKA, BELH LA HF, — AR,
R AR R, e AR AR . — NSRS, BB SNE
GRS EEE, AREREEES, UBLGERBRELETER. 18K (ZT)),
RERHAATEESAAORILASY. HEN AR SEEMIATEN
WHTTEM, RRITRBER SRATLNTRSY. 5 TRELSRE HOHES
5. BIMBERBMSHNRI RS, FRYRERROSNR, EXRRR M
RFRF— 5, BRAEENFELRK. REPER RS, COERETHA.
FEWRAE S DMINLEE TRHHAREETSNG Y, TARTENHN
155 W RIE B HL M 2 B i 2.

SER RGN, RRERRERREGH MM T — A N ES, NEEREN
BHNR. BE ATRIEBAEVGERM, Bt BYESEIRGNEABIEB R
HREEREED . HK, b TFRIERGTE, 8T RIS 5T R%0
THEE, B, GTRIERNTE, RERHREE 20 EENES.
4.3.0.1 BRITHRENISS |

(1 REEHARRFRBOTTRARAEED

(2) BRGEERIRGEVT LU/ EI B R B3, SR MRS, RERLN
TAeHiR,

(3) BREFRERE 2 aENES :
REARHRALEBME—MEERE, MEBE AR SHEERL R RIS
$,%-&%M%Rmieiﬁﬁ%ﬁ%&ﬁﬁﬁ%ﬁﬁﬁ%@%%%%ﬁ,$ﬁﬁﬂ
ERBAVRNEEE. ARWREREH N EREE, BERERIYD, REsdis
. KSR —FF BERRE S . TR ER S S R AR B X BB R 1A

.45



FEAFHAT L Fout R EL BERREHEHART IR
4.3.3.2 BBITH AL E R R EEA T RAEE

(1) ErlE RN

(a) &IEIRE RZATA R F ETIHEREEN, NARIBIRE R A REIFIM
RAEGTINERAREIRA, ZAoRERCSSEREDSHERER, RIESHH
e,

(b) EFRIEEE, NAOKERREOTFRABES, URERSEIHESLHN
EW, REARAHTHRES.

() XRIZRAN B EHALEHLILE, RUNEREHER L, BRFL&. FX
ANBAL . B TYT=2-6 (R 3~10) ZEEAE. R TVT>10, Ry TR,
BREHTHERD, TR TREDBIRSFERIME. T/ i, T, 32X BE
HMABMTIRE, EHARN. 3T, EEINRZENIERKATIEY.
ETHT, ERSPE—MERE, LHIER MRS, IHEISHERRE,
WEma, BIATEM” ENRE” , MREf.

(2) R BTSRRI EEER

(@) FBHERAE, BSEERATHEE, ERUEYRYTRA AR

(b) EBHEHHERR /D, EARWHREREN, FEVTRTA LRSS,
R RRA LAES: E2HERER, NSHEF—EER, AR TEA
A EAY gt

4.3.4PID BHIRGNSHEE

ERZBHHERT BH PID BHARGEZOHE, RIERT —HEESEEDY
ARk RREE.

(D SeRERAETRLEAT . FENT.

ERESEBRAAL, FRVBSHRE: & BETFRAME, T, Tu=0, Al
WTRE S ETHAME, B Toreo, Tom0, /SRR I LG dhoAm/Ma,
ERIE R AR (RS 0.), HE TR 8, (R, (BEH
B, MENRYWEKSHRER

Wo,(s) = -;—Ha‘, 5, =268,, # (4.12)
2

Die 3 (4.1
1.2

(2) REZAFROSH. BIRYBSELSROBETHBNG, FHW Rk
MESROBRENLE L. A&, BIERERREAD 6, WH o, M EEBP LR
B, 0TI Su Al T MIBITHWRMASHIRE S

| 1
Wr(s)= 5—'(1 + T S
2 1

) E;j’s 52 = 2.252‘(;?”2 =
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W (s)= ;—H-T, 5,=28, 3 (4. 14)
1

~

1 1
W, (s)= E(“z_",.,_s') W, &, =2.28,;:T, = l'; A (4.15)

(3) BRSH, HRREAL.
4.4 BB EE PID SHUEHI RZHIR TS HEE

WA PID RN TR REMST RO T RIFMER, BELREHAE
B, HTENANENARE, EABUSNMBAREERENAR, EEPHT K.
Ter v FBHMEN. B, WEEO—E. 45, SHTERIESREE
MR Z AR REARRTEMNA.

W ER AT H, T RPXBEORAEEANEEE. Je&tt. WEEMiE
HIxT %, AR PID FEHSUER A S B AR O RIBR . KB RFTA
TREEBRLEMHER TIX— K. TRAEN ¥z PID &40 RIsHRPRIKE S
WA Ry 2 — M L BUF BV . B R RIEROM I B 1R, BIAWRE. EF R
R BB A, SURE PID #b2 MahARE & AN ERE. FkEAE HE
HIERT, SRAT PID 2SN B e F 480, ST PID SHMNEL & RS
fit, H—HEET PID B4 BENEE, ERFNHYRETBRFNNE.

REHE T ELER B R AR, SRITASEN B 35 PID S0 HI SR R 5 R R R R
o] B RARH A RELE . BAALERPTEEREARNRAESRELDREATE
L, FREIRGHLERELR, SR PID SRR,

HAT, %M PID WMWK ENHT TV SBEES, FWETERFNSHNR. 1
HERE—BRRA UG = K,ER)+ K, Y E(k)+ KyE (k) (k=0,1,2,), E(k),E (k) %
MARBMARERREZLE: K,,K,, K, PR ARELEE ). B4 (D 4 (D)
RS E. AETEHPD BTRIRAELEES RN, BHAENRERR
THRTRAXNZHHBREIRMNER, WZHELEHRRNE—FRE. 2XRH
HA PID 2% Fuzzy B ¥ ETHEER—K Fuzzy-PID #HI 8003 k.

PID 2% Fuzzy B EHHBE—-FHEEM PID AV BHWEME
U(k) = K, E(k)+ K, " E(k}+ Koo (), (k=0,1,2,-) , N Fuzzy & BB TS H
K, K, K, SREGMNEIEI ABET LA Ec| MM - TEERH X ER

KP :.ﬁ(|EI,IEc N
K, =HUEL|E: ) & (4.16)
Ky =LELIE )

HWEARWIE|ME, | EREBESHK, KK, .
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Rk F M+ Fait L Fod BEEslAe) BrREgHEni et Han

AR, RS REMSHANAIE 4.1 9T7R, (E3E PID (8] PID2) 4%
FIBREERS R K, RA T SRR G R R BEBELZANEE PD HiZHE
Bk BB A A ERE R AN M B . RKSi T .

4. 4.1 BRI Bl SR B A

W — MR TEA BB ERIERIEE, 308: RE E. RELZN EC. REE
HE U. iluEI 4.2 FﬁT[“]

” Il
i Yﬂ
FRtoa sl x]
f_:_‘s_i_.,l
T
o T R AR e
[F 5 Harn: gL FI5 Tppm [Rp—— . [
And wwibod [ T || | e Wl
i masthed e | | [ame La e T T
Imphewian fnss -] T ipe i e
Apsgation Ay | e Tk
A e L= | ik | e | |
Lpudatirg Pl Bailor TREEL Ly i T |
Bl 4.2 FIS %528

Fig.4.2 FIS editor

€ E. EC. K HUBUHIZR B it

(1) SAER e AR EARE HURERIEDNEME.

AEMERREA, WME ¢ HELTERN[0202], HE ¢ BEMERH

={-6,-5,-4,-3,-2,-1,-0,+0,1,2,3,4,5,6} , R £ e B LB F 4 Ke=6/0.2=30, Bi#i4E £ 24 (NB,

NM, NS, NO, PO, PS, PM, PB};

(2) WAER ec AR ERAENSELHAERENMRESLE,

EEREREAN, MEXLE ec ML TTE D [-0.06,0.06), HHEH b Y
BC={-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6}; WIBILEF K Kec=6/0.06=100, ##iE EC H{NB,
NM, NS, O, PS, PM, PB};

(3) #AEE K BN HIE A PID #5685 i th ) R %%

b RANERN, 2R AK MBAEER[-0.15,0.15], 4% 13 M4,
B AK={-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6}, MIIZHIR AK BB F Ku=0.15/6=0.025. ##
# AK J{NB, NM, NS , O, PS, PM, PB}.
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4. 4. 2 BERMZHI AN a9 52

BIEAGHHAREE LR EAEAARRERRENEMNIERRNER T ZRE
SEPGHEITIRE . 2RER . FIHRERERI LN REERIZTHIMN. 2T EAE
HIRGR B S RO RN IEE 49 L0, BT 30 £EMA B RIR:

(Dif E = NB or NM and EC = NB then k = PB

or

(2)if E=NB and EC = NM then k = PB
or

(3)IfE=NS or ZO and EC = NB then k = PM
or

(4)if E=NM or NS and EC = NM then k= PM
or .

(5)if E=NB or NM and EC = NS then k = PM
or

(6)if E = NB and EC = ZO then k = PM
or

(7)if E=PS or PM and EC = NB then k = PS
or

(8)if E=ZO or PS and EC = NM then k =P§
or

(9)if E=NS or ZO and EC = NS then k = PS
or

(10)if E=NM or NS and EC = ZO then k = P§
or

(11) ifE=NB or NM and EC = PS then k = PS
or

(12)if E = NB and EC = PM then k = PS
or

{13)if E=PB and EC=NB then k = ZO
or

(14) if E = PM and EC = NM then k=ZO
or

(15)if E = PS and EC = NS then k=ZO
or
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(16) if E= NS and EC = P§ thenk = ZO
or

(17)if E=NM and EC =PM thenk=Z0O
or

(18) if E=NB and EC =PB thenk = Z0
or '

(19)if E =PB and EC = NM then k = NS
or

(20) if E=PM or PB and EC = NS then k =NS$S
or

(21) if E=PS or PM and EC = ZO then k = NS
or

(22)if E=ZO or PS and EC = PS then k= NS

or

(23) f E=NS or ZO and EC = PM then k = NS
or

(24) if E= NM or NS and EC = PB then k = NS

or

(25) if E=PB and EC = ZO then k= NM
or

(26) if E=PM or PB ard EC = PS then k = NM
or

(27)if E =PS or PM and EC = PM then k= NM
or

{28)if E=ZO or PS and EC = PB then k= NM
or

(29)if E=PB and EC = PM then k = NB
or

(30) if E = PM or PB and EC = PB then k =NB
FE AR 4.2
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Fab K FMEPEHT Bey¥ B AECT B HE A SHEF R LT AR
F 4.2 BHENE
Tahle 4.2 The control rule table
E
K NB NM NS ZE PS PM PB
EC
NB PR PB PM PM PS PS ZE
NM PB PM PM ps PS ZE NS
NS PM PM pPs PS ZE NS NS
ZE PM PS PS Q0 NS NS NM
PS Ps PS ZE NS NS NM NM
PM PS ZE NS NS NM NM NB
PB ZE NS NS NM NM NB NB

4.4 3BT ERERNBE

HHERRE e RELN ec RIBHE k PIBMIEM M EE, ZBXRENE
HRE. R, BRtURESEEENY, SRBRU=Z AT B IRRREHRE, n
B 42, MEMEREE. BedBATRNEEEERaNRER.

&

NB NM NS Z0 PS PM PB

Bl43 #RREE
Fig.4.3 The membership function diagram
B=ARBEARBREPHE, TN TRRER, FHEIERD, THAE
EZRNER, HEETFEABRNRBEREEATERNREN, YHFE— I 5REM
FrmEn, BEREEBREAEE, XA TEMSNMERERNYEEY.
n: FBREE E
PB =0/4+05/5+1.0/6
PM_ =0/2+05/3+1.0/4+0.5/5+0/6

PS, =0/0+05/1+1.0/2+0.5/3+0/4  »= o= £ 41N
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R AFAEFEAR Fo¥ BMmEded FFRRE HRMHRATSAR

W #HRER E. EC R K MMED#HRE 4.3, 44 R 45 iz,
F A3 HHZE E HREX
Table 4.3 The valuation table of fuzzy variable E

i 6 5 4 3 2 -1 0 41 42 43 4 +5 46
E
PB o 0 0 0 0 ¢ 0O ¢ © 0 05 10
PM o o 0 0 0 0O 0 O 0 05 1.0 05 0
PS 0 0 0 0 0 0 0 05 10 05 01 0O 0
Z0 0 0 0 0 0 05 10 05 0 0 0 0 0
NS ¢ 0 0 o665 10 05 0 O 0 © O o0 O
NM 0 05 10 05 0 0 0O O O 0O 0 0 O
NB 1005 0 0 0 o0 0 ¢ 0 ¢ 0 o0 O
R 4.4 BRHIAR EC MR H
Table 4.4 The valuation table of fuzzy variable EC
ec
u -6 =3 -4 -3 2 -1 0 + 42 43+ 45+
EC
PB 0 0 0 0 0 0 0 0 0 05 10
PM 0 0 0 0 0 0 0 065 1.0 05 0
PS 0 0 0 0 0 0 0 0.5 10 05 o0l 0 0
Z0 0 0 0 0 0 05 10 05 0 0 0 0 0
NS 0 0 0 05 1.0 05 0 0 0 0 0
NM ¢ 05 10 05 0 0 0 0 o0 0
NB 10O 05 0 0 0 0 0 0 0 0 0 0 0
# 45 HHER K MRER
Table 4.5 The valuation table of fuzzy variable K
K
u 6 5 4 -3 2 - 0 +1 42 +3 -+ +5 46
k
PB 0 0 0 0 0 0 0 0 0 05 1.0
PM 0 0 0 0 0 0 0 0 0 05 10 05 0
PS 0 0 O 0 0 ¢ §; 65 10 05 01 0 0
Zo 0 0 0 0 0 05 10 05 0 0 0 0 0
NS 0 0 0 05 10 05 0 0 0 0 0 0 0
NM 0 05 10 05 o0 0 0 0 0 0 0 0
NB 10 05 0 0 0 0 0 0 0 0 0 0 0
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Rl K FEHEFEH03 Fod sl ad R Rs g S AR Y ER
4.4, 4 ERERFOEL

TR — R R A A K SR, RATRARE AR T T A
¥, HTHHER, TEAHEE.
(1) f 30 M1 MF 5 G082 A U X R

# *%ig}ﬂ% E:
R={(NBg+NME)*PBy]*(NBgc*PBy)
it 352500 ol

R;™= (NBgxPBy)*(NMgcxPBy)

BETFKEATE:
Ra=[(PBg+PMg)*NBy]+(PBgcxNBy)
(2) RIBIRER e RUREWAR ec, HIAREZHIHN AT LB RS 5 A
u, =eo[(NB, + NM,)x PB,]-eco(NB,_.x PB,)

u, =eo(NB,x PB,)-eco(NM . x PB,)

s = eo[(PM + PB,)x NB,]-eco(PB,. x NB,)
WEEBAEHES k, RTHA
b=kt oty

() RABARBRENSE, #EHROENRENEHRE,

REL R ERIORERIE, BUEHEFEHE K, HRNE 4.6 FREHNE
Wk, B4 XM FRATENT, ETREBHOER N X" FERFTER
TR 2 5 S0 o
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4.6 HRHHHR
Table 4.6 The fuzzy query table
E
K 6 -5 4 3 2 - ¢ 1 2 3 4 5 6
E
6 6 6 6 5 4 4 4 3 2 2 2 1 0
5 6 5 5 5 4 3 3 3 2 1 i 0 -1
4 6 5 4 4 4 3 2 2 2 1 .0 -1 -2
3 5 5 4 3 3 3 2 1 1 0 - - =2
2 4 4 4 3 2 2 2 1 0 1 2 -2 2
i 4 3 3 3 2 1 1 6 - I -2 -3 3
0 4 3 2 2 2 1 6o -1 -2 2 -2 -3 4
1 3 3 2 1 1 0 - I 2 3 3 3 4
2 2 2 2 1 0 1 2 2 -2 3 4 4 -4
3 2 2 1 ¢ -1 1 -2 3 -3 31 4 5 5
4 2 1 o -1 -2 2 2 3 4 4 4 5 %
5 1 0 - 1 -2 3 3 3 4 5 5 5 %
6 o -1 2 2 -2 3 -4 4 4 5 6 -6 -6

VBRI R T LU B — R g, RAXRARKHREE, SHR 8N
BXAE. SHEARBRETENERLT, SELHET, SHTERNTREER
ATENERIER, SITRBESDHTENESERRESE, FIANEERD.

FAENTRIEARN i 70 TETHEFRHE k, SIRmE 4.6 FRmEsx,
fER “MF” M END. BT LG, ETRIERANGE, W S8
HEWETR A MRS, B, SRXHRERNE. _

HLWEﬁWE%EHDéﬁﬁﬁﬁﬁﬁﬁu%ﬁ@m*%%%&%%%%%¢ﬁ
Hild PR, o7 AR TR RS2 S A PID 5128 000 . TELR R IFENIE
SIEEMESR. BIAWME . DFRHRER, MRS R, X AY PID B HIR MR AR
dARRAREE, WA BIRIT RS E R,
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P A FoE RMEHALBIPRGHENRATOER

Mde Cdb Vew Opbiore
AR AREC =077 PR R WG - 220 PR - 5 58

e = —_—
e

|

W

i
-

. =

J st | o | e

3 }ﬁ!ﬂaztﬁ:‘ﬁ :

—— “',H#m ! ﬂi -l H..:.I: Tkl

1 4.4 MR8

Fig.4.4 rule viewer

T LAl

Ko i) et | [amiinna ]2
T et PO S

i i
AT T ke 1

R AT T
R ne ]

K 4.5 RO Y dh

Fig.4.5 surface viewer
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4. 4.5 Fuzzy PID B¥ ERHI B i

7E PID &0, BMAKHEEAE R SAZENRMLE Y L, BHEHIRE e=R-Y,
HEIEREER, SUEHE v STTFEEMERGRH, B8 PID SHIEE0—R %
o

0

1 de
u =K,,(e+FI edt + T, =) X (4.18)

i

By KA RTE A A

1
u(k):K,.(1+-7:;-+7LS)E(S) 7 (4.19)

{

7 PID I R B B
u(k)=K,,e(k)+K,ie(j)+KD[e(k)—e(k-1)] X 420
AW K,.K,, K, 551% PID sl g el BARMA RY. RAMERRNE
s
Au(k)=u(k) - u(k—1)= Ke(k)+ Ke(k-1)+ K,e(k-2) 3 (4.21)
AH: K=K, +K,/T:K,=KT-K,~K,/T;K, =K, /T: T hR¥ERAH.
WIS B RAEAT UG , PID £33 Fuzzy B SRESIE AR HERE, A
BRIE, HERD. EANE. SRS, TUES TORES, TEHES
F b
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ALK FHEREHL FEE BPBELDEHNEGFAL AR

BAE WP B SRR ES A

5.1 (AR ARINERY
5. 1.1 AT ESAR 2 T R BIP RIRE I 80 =

(IS, BREESNERRRUTHR, TURBITRIEL R —1
RERMRAOHE, RERITEERR B, HTE SRR B
FRERLSR. B, AMMEMBIRIE IS S T R FFURYERR, SRR L.
B, B RAFASERRR —FPTR N RAS AL DR RS, RS
HMARKNE NS, MRDREN. LESR. BHLSE. SRSLEBRE R
B HE RN RIS, FEHRR T RS LN RERTEHERS
WHORARRBAR.

BEH LR AR PSR AR, SYRER T EZ R RKRS. SKRA
i, BT AR BN CERE, T M. BT R R
EERANEMERMFHRRARE, REETEN EHEY, BEGTANEESR
HRTH PSSR, BTHERR. BN E RS RERREEY
HER. BUHEMER R RS ENXR. R AR
A, BRI 5 A AT B SRS B S 0
H. AERHENAEF RSN R AR, R R A
BAHHY.

RBHBRTHAREIE, TURERTIRAGN RS, BSFHET %
% A9 ), TUUERRFRBAFERE, TLMHEE TR LRy
B BT ERWEIE, TEEAREE S0 EPE TRANER. KA 20 X,
B ENBARIRE R, BT TR LR RE, BRI ENERE
EAZ%R. EXHERLT, HP0EHARBSHNMHRER S TRT6 AR
M—I TR EEARN TSR MR B SRR GRS R BA AN, £
BEHTFUTHAHE.

(1) #HRGE R S5 AR

RHHRSHRGN, s THT R R R B MR A= ok, B TRl Wt
FH . BT BBARATIS R, Mk R RENENISY, RYFR
HRAMMFEY, EHEHESTHE TRERANESE, IRFREMEET
B, MNERRENSHBLEN, KEEERNFER, g LEFETHIL,
RHHM . LR BN, HEHRE AR AL,

(2) BT ST
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Fab KR b FALE BEREOHEMERGALEA

—AEREFHRIERRERAETH, EREXZSH. ATHREHTAH
MY RS, EHSBNSRENRAFRGRPRARETEREN, RENEHZSH
RETERAIBATRIWEE . RETHE NS B BT LB TR . B iiREaT
B RSE EEBTREMIFERBTRETHBIET A, UMETTRRE SN
REN, BAAMASRRENEL. EREER.

Hil, #HRREAVABEARCERRM, WHRT — SRR AL 0
el $EBRER — D RE ISR T BRI 07 B8Pk Rtk d tE I il 88 5t
REBTHREM.

5.1.2 (FEH M

ATRITENESNRAESIBERETHANER, HEMRPRESHES
HATEFENE . WIERA MATLAB7.01 X+ M5 & REH B T H4 Simulink.

1980 R E Y Cleve Moler 1 LiHIHY MATLAB BB S E R IEHIREE
WRHENHB B EARB TEXNREAR. R HRNE—HEEXE New
Mexico KEMEREEHMBIMAEH, HEATRARNERRMET G BT
WHERHERES, HRETETNERLER, FURERSIET 8=
RARBKEE, FECHER LR TERHELEINEFRE (TAH), F2R%eE
R R TR, ‘

Mathworks 2 @ Fl 1984 SEHEH ERARAR MATLAB /5, 22 ZEXRMNEL,
TIRERSIBGE K, MATLAB BLELCH B BF 2 A BT B0 SN R &%
2 —. MATLAB ZEEAXTEEH#E BN MATLAB4.x T4 . MATLAB $R4tH T
REAEFERAPRE, Wi T HEMANKEENE, B, S8FYREE. 134,
HfE, FEAE., HRLE, 25, HBEEH 20 £ MATLAB TRESRAER,
thin: HHABRRITHEHRZATES (control system toolbox). BRZHIR T AL
(systemindentification toolbox ). {55 4B T A4 (signal processing toolbox ), #HlFR
%ﬁﬁ%%ﬁﬁﬁﬁﬁﬁ(wmﬂmmnmmﬂn?%%ﬁﬁﬁﬁlﬂﬁ
(multivariable frequency design toolbox) F{HE I8 Simulink %, X T HHNES
WEMX TN TNA LK, WA MATLAB T B W LAZER AR Bk E P migint
MR REE, 1 MATLAB [ F 2518 B 78 LR F o

MATLAB &—HMETHEMEBANREES, CRATREZRHED. 25 &85,
B0 A AT N SRR SR . MATLAB THRBERTIFSTA
MERF, ALETENTRNSAN. Bk, T8, ZS5EETad,
EZABINRE: Simulink B MATLAB KRl FIARFEHRAMEEA RS, Simulink
R P ERRE LLHHERRRU—RE, HasIEMBHRZRSE, B GEE
1T+ degth. &4, B STEURBHREM,

-58-



RAFHAEF L FA¥ BPERAHEHNEARTAELR

MATLAB #5048 R S Simulink, BAXEZHERFFIEEREA. BEFH—
. BEEE. HEEE, WEERMTSTRESSIEREEFE. CEERT
EERE, WERATHEMARSL, BEHTRUYRENEENEL. CRHRGERE
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Fig.5.1 The simulation model of general PID control system
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Fig.5.2 The simulation model of fuzzy adaptation PID control system
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Fig.5.3 The set value response of general PID control
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Fig.5.4 The set value response of general PID} control
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Fig.5.5 The set value response of fuzzy adapiation PID control
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Fig.5.7 The charge.of fuel inner disturb response of fuzzy adeptahon PID control

i Fuzzy-PID S B5: M0 B AR 2% 0.09MPa, TERETAR A t=240s, WL
LI 5.7 Fiow. | |

BIT T4, Fuzzy-PID H&RSIERESERLMEENTR, HERLE
BIRFTIM, REEEIERMAT R, UL R PID BRI S0
BEHAATARENRETAL, THRATRIESERTHMM PID Bhs,

-



b R 4 FLE BYBRENEHARHALSA

MEL (7B R AT E H, M FRE B R T, %A PID BHR SN X Rz
% 0.21MPa, TTBLH G ¥ PID SRS RAMBAME H K 0.09MPa: B B 5
PR R, S50 M52 PID S35 R ARG SRS dAR B S M AL,
ERGEIRE R AR, RELERN MBI R AT I, Fe00 LIt E T
EFHATERENBS TS Fit, S5 EEE PD 25 S EENTRTRES
ERTH M PID HHIREL.

5.2 4 INARAL

HAERET B SERPRE RS, RO HNEAEMR PD SHASN e E
PID S¥ISHIRHASIET T RHBMNRI. AMIREERE, EHE%E PD
SRR RIS AT B0 PID R8I, B EEAREL TSN E:

U)Eﬂﬁﬁﬁﬂb?ﬁﬁﬁ%%ﬁ%ﬁﬁﬁﬁ,Eﬁ%ﬁﬁ%mﬁ%ﬁ X
WRCEBER, TOREINR,

(2) B HRE PID SESHBRAT RENRSARK, BELIERERY.

(3) M HEE PID SEEHBRANKTREINR, ERTRERARRR
WERN, BEBE T AMRNE. AP IIH0 TR EA ST M.

525&%&%&%&

I ﬁ?%ﬁ%é&%ﬁ%m 35th ﬁﬂ%#%ﬁﬁxbﬁﬂﬁ%*&ﬂﬁﬂﬁﬁﬁmﬁ
51, HEMSMKTE, TESUB. 251 PR

-,".v""}’aBkSIﬁmycumlwble e e B 1x10°

UMM NS 3_:  ¢ ps PM
% NM ses 1 se1 s 5.53 55
i NS el C 55 583 55 5.53
= 0 558 ss 55 583 5.58
o P ss 0 ss 4 ssm 56 sel
PM "5.5' o ‘5‘5"3 58 561 565

Ti=5s ARt | '

amwa&ﬁmﬁﬁmgewm BRI 5.9, & 5.10 Fiw.

B 5.9, B 5.10 PAUBAR: BHE O/, BB (BERE): BEES
SRR (0~6MPa), MM 5.9 LU H, FE0AH M A B K (£0.5MPa);
5,10 s RFLA T S8 5080 PID #5005 0240 4R, R4 B LR BA IR SR,
RETITRENE, SEERS TR RERINEER, AR, KA
A0 B BE S AR R B TS R P (£0.2MPa),

- 64 -



FALkEHLERBL EAF BPESRAAERERGR LR

o g e b i L Ll S

A 5.9 T MEHERE S R E
Fig.5.9 steam pressure curve diagram of hand operations online
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Fig.5.10 steam pressure curve diagram of fuzzy self-adaptation PID conditioning online
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R FERI AT,

(3) EFEGRLIERREEE
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.
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