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Regime-decomposing-oriented modeling approach to

nonlinear thermal processes and its application
LIU Hong-bo', LI Shao-yuan', CHAI Tian-you®
(1. Institute of Automation, Shanghai Jiaotong University . Shanghai 200030, China;
2. Research Center of Automation, Northeastern University , Shenyang Liaoning 110006, China)

Abstract: By taking into account the fact that most thermal processes have nonlinear characteristics dependent closely on
operating regime .a nonlinear control oriented modeling method for thermal processes is proposed using a multiple model model-
ing approach based on operating regime decomposition. The proposed method was applied to build the nonlinear model of a 300
MW unit boiler superheater controlled process. The practical application results showed the nonlinear process model built by the
proposed method remained valid over a wide range of operating conditions and the dynamic response of the model agreed well
with that of the real plant,and proved the effectiveness of the method.
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1 3|5 (Introduction)

B R G AW A 5Z 2Pk Bov EL AT SEFn &
BITESRMR S HEsh s T el R it
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(T il pikr: LR g
2 EFIASMOEmEEHOELELE
E+& 7 % (Control oriented nonlinear process
modeling method based on regime decomposi-
tion)
2.1 EBEFEFERHEENMRIE S (Assumptions
requisite for the modeling method)

% [T LI B S AR R E A L
SR MAER R B A 5347 LOLE Y H KM L hn
#H5, FEBERMENLREREG ERAELNE,
BEMREITHFEA TOME, KA ETLRA
LR MR R B AL . B VA SO AR 1 YRR
T AR RS Bl P T R T BRI R AR

1) EENTETLESKIE, N TERBAGS
uc B/NEEAE, TR EA — 1 RS TH LR
R AR RS AT SR L BT B ARTS

2) X FRIGEE R E Az T, AT AR
KILHBE 0 = (6,,0,,,0,) KR, RESHE
A, B S R E VK.

2.2 BEREFEERANIEL MRS S (Nonlinear
model structure used by the modeling method)

B AR VLA R Z 2 R A DCS #ATH ],
FIT LAZS 3T 38 A A0 3E 2K 1 R B O OB e 1Rl 5K
TERHET LMK R RIS R E BT X
MR G

x(k+1) =

(A+ Zf,-(ul(k),uz(k),"',uq(k))N,-)x(k),
i=1

y(k) = Cx(k).
(1)
K« € 2", 2(0) BREGEER;y €EE",A € 2PN,
€ (i = 1,2,,p),C € F™ fi(u(k)) =
FiCu (k) yua(k) o u (k)i = 1,2,++,p) BRIA
R w (k) up(k) -, u, (k) BRI, S B
B A REIF RS AR AN A ERES
BA-MHRFETHAREHR(D#EAN RS
B EiE FRHZ) O RS
—ERHREE R AR WS E L E TR
LA RLE ST TR ANEA.
2.3 HIIEITI R 3 %2 (Linear model
identification in each operating regime)
MTWHE 2.1 WRIRAGHAELESE, EX
HRwa 27 LoaEw, v A A w sy

AT AR AR Y, AR 1 PR A0 e S AR

P LA TE R R B9 55 59 , b 5 7 A A e ok B0 T

X EH R E G B SRR R S U ATl B XA

AR BT DAL LR PR R R At R, ] R

FRULRSCEUE 44 S A o SR B4l bR BLRES

75 ()RR
AT RKAr & A7 O TR AL, (a] i A B o

BESBEAIANGEE B R R8T L

G, BT RS e A A w (k) B8 w (k) ua(k),

- ou, (k) BRTREEREEA R ue(k) = (u,(k),

wp(k), -, u (k) (r < ¢) b, HESBMARER

TITHRBEO0 = (6,,0,,,6,). TRIHRKENEGZ

T Lo HERR S 2 R R

{x’(k + D= EW (k) (k) + F(Z(k)) » ul(k),
¥ (k) = G((k))w (k).
(2)

N A€ EL 0 (0) BREER: BRAE S4EHRER

E(Z(R)),F(Z(R)) M G (k) MPT&EFTL

BUSURA W (k) = (u(k),0).

2.4 EEEGELBI X NERRGERBNIE
(Global generalized bilinear model construction of
the nonlinear processes)

WIESE XK (B ARG R, TRE T RS

B MRS ARE uc(k) HREE, (B n 452K

HRF(Q2) SEA Q) RN RERA HF &

LI ThikEa

{x{,(kn):[E,,(lﬁ(k))+p,,(w(k)) » (k)1 (k)

Y (k) = H( (k)% (k).
(3)

A

S0 = [xf(lk)] € 5 (o) [xi(lo)],

EA(lt](k)) = [E(UJO(]C)) (l)] c E(n+l)x(n+l)’

FA(ltl(k)) = [g F(ltlo(k))] e P_(n+l)x(n+1).

f1 T A S ER T SISO R4kt i 72 A4, B LA
H(W(k) =[G (k) 0] € EXmD gk gl
VL AW N W D VAL 11} T B Ll Wb ey o s

FHEE BT O RRMER (2) & B —7
BAREA M2 RAELRR, AT eR 2 (2)
Aol S Hot A B R R R TE A s (3) B
INH TR IR &
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W/ (k) = Ex( (k) + Fy(d (k) « up (k) =
[E(zzf(k)) F(u"(k))-u{:(k)].
0 1
SRIGRAILL w(k) = Cuc(k),0) o ERAAATN A &R
HERE LI G BUERE W (k). B8 T

AL

(4)

Ax 2 S GAR) (k) o (BN, = W (B).

(5)
FTRETA 2.5 TR KRG LR EER
HHEEE A FIN, TR FERAHE LSRN SR
SR REARAY
2.5 5B A W N; TERMITE T X (Algoritm of
matrices A and N; )

il PR EELIN(OERANERIELE
R AN (5) TR AR A FIN, LR . X
EHEARAECH p + 1B BRI ST THA B
AN L TR BT T E AR @) TR E
MW/ (k) MR (W (k) 4(a,b =1,2,-
n+ 1), HKSIAEEMREILS

V=

[ 1 1 1 1

filu k)) [l (k) filuh (k)

folu k)> folu k)) o folub(k)) | € Zleabxt
_j;,(u‘(k» f,,(uz(k» AN

W= [Wu'(k) W(i(k)

W(ul(k))] € =inDxren L
Wor = LWL (E))0y (W(P(E)))ay,
(W (k)] € 21,
=4 N N,
Uyp =
[CA) oy (NDay (N2 gy e (N)) ] € Zrel))
KR ERIES)G, KSR (5) F Mk E N

Np] c F_(n+l)x(n+l)-(p+l) ,

UabV = Wﬂb,(a,b = 1,2,"',n+ 1).
FTRAIA&ENFEITEHER A N NILE
(i =1,2,,p),&Ep+1< L, ME

Uty = (WD) 'WWT, (a,b = 1,2, ,n + 1).

(6)
P AR T RRER S MR E .

3 LB (Practical application example)

T EHEA SR AR T AL A T e
WA AR P AR B 7 B e T K LT 300 MW HL4H
b 1ot BORIR T R AR A SE R i A
3.1 I ¥2HR (Process description)

Fr ) 300 MW HLAH ik FAKAE 2 & 18R 4R
PR HRVRER R AR T S R RS IREBNEE
J7 ik REWOK R XA E = Rt 3%, E R
FAMKIKIRA TR K — R K Z R BK R
. TRMUK Rkt TaE 7 FE, RIES (5
P — St A8 DREABI & . — &K
HIOKEA AZRET . —BRBOKE R R R e
AN BRI T R SRR H B AR R RN R R
TER, B2t TIRBERREEXCBIFANE %
KR RE . HA P UL ZRBOK A IR (8
5 RMOK IR 25 A =R 2R ) S5 AR S
TR AR T RN A
3.2 AEAFIA T -RBUKET X REEEBR

P11 (Identification of the secondary spray controlled
plant linear models of different load regimes)

T ot FEFR IR K BRSL T BRI 30 SE R A g a2
REpT RSN ik, B TR 300 MW AL
RN AT 44 T AR far T TAE 8 R MK 375 Xt
KPETE B R MASHBER GRTKEPIR AN,
X R RL B ¥ R I = B B M B R A B
725 W) 17 5 XeF B SIS0 B 25 el o7 Y 4UA B 5 SR AT HL 55
B fE .

F 1 B2 FRBUKERIX R B 4 Ak
SURIREIMT R R R BHREE R BRI ue B R
KRR E (kg/s), ik y AE =R MO
REMEBRERFS(V), 2RSSR HER T &N
T EHERBMNEBANT X RAFEHER, K
T HIRAER N 200 T ~ 600 CHBMABERFS OV
Z 10V.

A1 ZHeFREH A RATEE 4 A
RAT LA By AR

Table 1 Reduced order models of the secondary
spray controlled plant regulation channel
at four load regimes
T RE R R R

0MW  -0.196/(1 +52.125)°
240 MW -0.351/(1+60.45s)°
200 MW - 0.475/(1+71.34s)°

180 MW -0.420/(1+96.87s)°



http://www.cqvip.com

788 7 W #H

it

5 m H #2086

3.3 WM HRIEL14LFHE B HE T (Establishing the
global nonlinear model of the plant)

B 3.2 e AR e Lol 8K
VAT XT R ) T ST ] 2 1 B BT BE BY R N E B (R 155 4%
POk, 15 B EL R S 0% B EIE () 1% 3 oR A 1Y
P(:), P(5) HPERIBIE N

y(z)
UC(Z) -

diz"' +
P(Z) = 1 1

I+ ¢z
(7)

AF,d =1-(1+a+05%e " d; = (2+a-
0.5a)e™™ + (-2 +a +0.5a%)e ", dy =— e ¢
(1 -a+0.52%)e ¢, =-3e ¢, = 3¢ ,¢5 =
- e_3a,¢1 = To/T’ To %%#E}Eﬂ, T %éﬁﬂfl‘ﬁj‘gﬁ
PERR I B RISE IR A 1R PR 8] 7 8, K i 2L
[E] 2P R PR Y (B2 A G £

W A IR AT P(2) HeAL R SR (]
PRERLR S A AR, 7ERE i A JLARP SE BB v ]
AR BL£2 1 EUARBT 7T AT 1, Jordan SRIE A Y 52 B
Al FRATREIR TS Sh A SRR e 10 B i A2 30 B
AR Y, [ B A58 T8 ) 2 4 o, B T B

P(z) B Jordan HUJE 2 i) F E BYUIR 45 25 (8] SE L
R R (2) prs, Ko

Bl 5 AR R SRR XX (3) By
TREY AR MR, 4 X (4) B 4 DA far LAY
W((k)).
HkB R 14T —R/mBoK R 28 @i

4 AT far TR B PR R ) B R R T LA
M faA K MR E A8 TR g, (MW)
(1) 25 fl A

K(v/(k)) =

K(0,) =-9.136 x 107767 + 6.750 x 107487 -

1.607 x 10716, + 11.957,
1/T(0,) = 7.949 x 10793 - 5.657 x 107%67 +
1.421 x 10776, - 1.085 x 107",

¥ e = e T RIT HA PRI KL, n] HIX F 45 R
B RAE e, Md (i = 1,2,3) #Ho]H 6, WA BRI & 10
AL 2t T 28 (1) RIBRIXTZ) XN
SRR PN £ (u(k)) S TRIIX7HHR 1,
6, F 0% - we, T ARG —RBUKIEHRA LR
L RBERIEA N

[1-(k1+1)] S (AN - 0,(K) + Ny

s - we)[ "] @

N y(k) = K(O,(kND[L 1 1 0}[x(lk)].
E(W(k)) =] 0 e 1 B o
0 o0 e A x € B UEBE AN, AN, B R4 < 48R e
) MR AR HE R (6) #HTIHHE. B FiX R T
di = dy - 2die £ uc %, FHAL Y up = Lg/shT HE 4, N,
FG(k)) = | (dr = d3) + (2dy - dp)e™” ~ die™™ | 1 N, TR AR FEBE NS IE = it B dh
L dy + dye™® + dye™ ROH AR TR S s.
G(W(k)) = K(#(k))-[1 1 1. 1.102 1 0 4.061 x 1073
ISR PR U S — BRI X R THETE 4 L. 0 rwz o1 8.445 x 107°
EMRT 0 = 6, B, B35 A B _RBUKEiRK | o 0 1.102 -1.150 x 10°*
T ue £/ NEFEAE, A RF . Bt 0 0 0 1
X2 RARHIAE R LR B i M A T B
[~ 1.112 x 1073 0 0 2.419 x 10°°
N = 0 -1.112 x 1073 0 ~1.149 x 10°° ’
0 0 ~1.112 x 1077 -~ 1,995 x 10°°
L 0 0 0 0
1.470 x 10°¢ 0 0 - 1.801 x 1078
N - 0 1.470 x 10°° 0 3.969 x 10~°
) 0 0 1.470 x 107®  1.846 x 107*
L 0 0 0 0
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3.4 #EBILEIF (Model validation)

N T BAE AR SO FTR At PR AR R AR R ST
FHERAERE . FARAT LAY L2 R
U (8) HHA 1) sh A5 a e KA 0 X G il Fodhs oA B
(B)VFATTAHMENRR. A 1~3 8287 4H4H RN
for b F 160 ~ 300 MW Z [H] B , 78 J0R /K 7 & i@ B
1 kg/s BrERPL N T, %5 5 % o 5200 B BR me) 7 R 2% 55
T8 7EAH R A9 25 14 F By 46 th B K M) g A 7 2L
LA R BBy e 4 R, P 1
faf4b T 160 ~ 300 MW ZZ [H] B, 72 5t — 6 far 00 BfY
i, ST RN SRR M 2 IR (8) RE LA X & AR
JE N SEBRo 4e By 3 SRt XA —E R ik
TRASO S W R AR RE 2T TR
30 B L A e S5 RE A S b S B S B e B R R B
ST A

0.30 ‘. T T

-----------------------------------------------------------
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3 WS S S S S -

0 200 400 600 800 1000 1200
t/'s
1 168 MW [T RE(8) 55 X BB ER R 7 b4
Fig. 1 Comparison of step responses for model (8)
and the plant around 168 MW
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Fig. 2 Comparison of step responses for model (8)
and the plant around 232 MW
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7Y SRS S SO R A _—
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Bl 3 284 MW MR (8) 5% Gl ERR R Ho 2B
Fig. 3 Comparison of step responses for model (8)
and the plant around 284 MW
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B4 HUEAS T KIEREIR SR (8) 5
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Fig. 4 Comparison of dynamic response for model (8) and the
real plant as the unit load changes overa wide range

R T — A R AR SO T M AR EE
LMARRITEIE 1T LOUK OB A fL i A8 I, 21
T —FpiE A B 3 S R AR LA PR IR RS
X SR FERLEH B o T 28 A B 9 30 7 e e S 38
BhE BT ERTENER - EERXTRE AR
B, RS EK 8 1 I U TR ¥ 5 5 L& PRBS #(
FES il 2R ING R, #E TIRIEVLA N s
ZREATREHEME SRR R R T REREE
()W AT B EERE . B 4 BYLA B AR Ne LABK
AW EEITH R 1.8 MW/ min BT &R FHER
176 MW AE4L %Y 282 MW, [R] B 7E — R sl 1R 7K 17 1

20

F/kg-s!
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MIMEEEHES EEMEEr-ERWERN £0.7 kg/s
K E F /) PRBS BUME S B &M T . IR15 A X4
S5 T SE B e ot 2R DL R FE AR i i & 1
TR () s SN L. & 4 v LLE
RSB BT el SRR A, B LIS X AN 5
G2 2 B H eI s AY 2, AR (8) 77 3 M T
TiB47 LHKTE B 2R A i SE PR 2 69 B S AE , X
FEATULEA T M AL TR fE 160 ~ 300 MW KV F AF
At AR SO B S MALA I BORIR IR T &
R A .

4 518 (Conclusion)

BEE M ZE A B shilx KB KB L B shiE
mRERAES R TEHAGEN S THREET .
FEUEEFSNANBH T AFRRAOE XA LT
REE S S A SHEEIEN X M8, 5
WRERE B TIHERIN SRR S BE T —
MEFINMEOERESRBE L, R EH
FRMEE T N E Z% 1808 8 73885 i W LA
REEFIRNMANEERCH L, F#55HE
RS BREE SR, BEAITERABEAK
PR, BRI W EE T RIENELR PN E I E
ff S RS KR 300 MW HLZH 48 405 #OR IR N
S R Y SRR FIESE T A SR AR r kA 3
WA Z RS RIS ERER R T
WESMEI AR AR PUEALERIT T T3
.
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