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Fuzzy economic model predictive control of boiler-turbine system
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Abstract: Traditionally, the economy of the boiler-turbine system has been handled in a multi-layer hierarchical ar-
chitecture where the upper-layer obtains an economical optimal steady state and sends it to the lower-layer for tracking
purpose. However, traditional control structures tend to ignore the economic performance of the dynamic tracking process.
To improve the transient economy, the economic model predictive control strategy based on fuzzy model for the boiler-
turbine system is proposed in this paper. The feasibility and stability of the controller is guaranteed through designing the
linear feedback control law and the feasible region off-line. Then, the optimization problem of economic model predictive
control is solved on-line with two modes, i.e., dynamic economic optimization mode and guaranteeing stability mode, so as
to realize improving the economic of the dynamic process. Simulation results under large and small range load variations
show the effectiveness of the proposed fuzzy economic model predictive control.
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Fig. 1 Economic steady-state and economic global optimum
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[FJEMPC S, SEIK RS 7 fur BRER (1041 B b, - H
eI AT R A T RE.

2 ] @33R (Problem discription)
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3 l(Z(k+ilk), u(k+1i)), (5a)
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Atpin <u(k+i+11k) —u(k+ik) < Atmayx,
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(EMPC of boiler-turbine system)

3.1 PR HL R G B B A R (The fuzzy
model of boiler-turbine system)
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Fig. 2 Membership function of boiler-turbine system

3.2 ZTFERITIEH] RS (EMPC strategy)

TR 1 20 G AS TR 0N 2 1 e, FLAEZR AL )i
. N_l ~ . .
sy 2 L@k ilk), u(k +4)), (82)

st 2(k+i+ 1)k) =

52 1y () s 1) + 3 g0 Byl 1)

(8b)
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i=1,---,N, t, <t (8g)
Mode 2 : #(k + 1|k) " PE(k + 1]k) <
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MR E AR BRI B AR, KONBS R iR e 2k it
FAGHE ER S SR AR R, K R FLAE AT i R
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e
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A,Q+BY Q 0 0
0.5 >0,
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K=YQ, (10)
P=Q'y. (11)

H P P 28 P R A 28 3R A min-max P50 5 )
AR [F] I 25 FR AR AP AR L R G ] A
FONMEE LR, PRI T ORIE S S u = K o N7E
LA I RL(8) A T AT i, X4 | B L AT 12
1. 8 2RI 2025 FE AR ORI AR B A AT,

luj(k|k) —u;(k — 1k — 1)] < Ajmax,  (12)

lu; (k + i+ 1|k) — u;(k + k)] < Aujmax, (13)
Hep:i=0,1,--- ,N—1, j=1,2,3. I TFP-55e
WLR G S, Iex T T RS 2 (k + ilk),
z(k+i—1k) € 2,,i=0,1,--- ,N=1, FEEM >0
5115 N AR

|z(k+ilk) —x(k+i—1|k)| < MT, (14)
Hodr: TASRAERT R0, 2 (k — 1]k) Nt,_ I ZPIRES
AR WAEEAY, | R IR

AU o < (AUjmax — [KGIMT)2, j =1,2,3.
(15)
B EASREHE IR R EIG 81 F AR, MG
EMPCA A, [7] 8 5 (1) 42 1F 32 il 58 36 5 2 3 (8e)—(81),
TRIE T u = Ko APAL IR E(8) B AT AT .
3.3 Rt K47 5 BT (Stability and feasibility
analysis)
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REFIE. A (15) 1AL, M EMPC AR AL 7] 75 (8)
TELERAE T AT R, HASE S S VR e WL AR R Gt

UE ZAERI AL B AN ER 23 B S vk A ] SR X
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Je UE B35 47 76 B2 A5 I5), EMPCH2 1) 55 I 15 7540 4
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ORI (13)-(14) 1) L5

g (k1K) =y (k= 1]k = 1)] =
|u;(klk) — u;(k — 1|k — 1) — K;z(k|k) +
K;x(k|k) — K;x(k — 1]k — 1) +
Kok = 1k = 1)] < [u;(klk) = Ka(k[k)] +
lu;j(k — 1k —1) — K;z(k — 1|k — 1) +
K|z (klk) — 2 (k = 1k — 1)] <
200 o+ | KGIMT, (16)
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K;z(k+i+1|k)—K;z(k + i|k)+ K;z(k + i|k)| <
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lu;(k+i+ 1|k) — K;2(k+i + 1|k)|+

|u;(k +ilk) — Kz (k +i|k)+|K;| -
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20U j ax + | KGIMT, (17)

Hep:i=0,1,---,N, j =1,2,3. SFEpZ5H0
RGN LRI AR Avuax, EEAFTE Aul,,, (ETF
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i) SR W A2 AP b VR ML R G S PR B 2 TR (12)-
(13).

gi b, Ha(ty) € 2, FAES LB IR E s
Hilu(k +i) =Ki(k +ilk), i =0, , N — Lifi &
Pl EIRE LI (8d), F HI B8 1E 2 5 it &
B2 (8e)—(8), [F I R A1 52 2.
DLk, 79 BEMPCARAL I R ) — AN T AT i

w(k +1) = Ki(k+ilk), i=0,--- ,N — 1.

TERES T, HTAEELIR (8g), 58—V Fe L
BRI TR S B2 (k + 1]k) € 2, XHT 245
B 22 BRI AR TR BT LR ST S bR iR ML R R
PIENASFEVE, EAFETIMIE T, §—8 ZI 5L
PRk Rz (tey ) € 2,. Bk, EMPCHRAL A #LHAT %6
HERATHE.

25 RIXEMPCYE Hi SRS IZ AT EALAS 2, FRIE
Eﬁ%x(tk)GQ ﬁV( (tk+1))< (x ( ))fﬂz_L HA
GUIPPIRAS B & e e B v e (. ARHE 203K (8h) i f&

F=

0 0
§Mj(k)3j 0
iﬂj(/ﬂ)Aa‘i w;(k)B; iﬂj(k)Bj

E=(1 % mk)A; - (3 my(k)4) "
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T IR R 1] R
min Jy (U) = UTF'"WFU + 2x(k|k)* ET ¥ FU,
(21a)
s.t. z(klk) = z(ty), (21b)

BT

l[ KF] U< l AU, 1 ‘ 10

(5 BN X (0B, (3 s (R)A)Y 32 (k)8

SE MR EES Ry = Kxn] {3

Tk + 1|k)TPz(k + 1]k) <

x(k)* (A(k)+ B(k)K)* P(A(k)+B(k)K)x(k) <

(k)" Pa(k), (18)
EEfEIE S

Ilf(tk+1)TP.%'(tk+1> g .’E(tk)TP.%'(tk) (19)

oL, iV (z)=2" Pz NLyapunov & %L, WEEE

F 1 EEMPCHE&ARAL A G, KSR LY
TR 200 (RO ASORA 2R AR R R TR R LA — 5 AR =, 1B
A LR PR AT DUARER SEBRER R RN R LI
FAERE, BA SO EMPCH 1 28 1] DURIF FLFHER R4
FIFEETE.

3.4 Ak @K # (Optimization problem solv-

ing)
€ S [F)
X =
(2T (k|k) 2T(k+1|k) --- &% (k+ N|k)]",
U =
[uT(k|k) u(k+1|k) - u"(k+ N —1Jk)]",
AT EEA TR B 38 RS TR
X = FU + E#(k|k), (20)
Hr:
0 0]
0 0
0 0

J=1 4 NxN

Mode1 :

UTF w(i)" Pw(i)FU +

22(k)"ETw (i) Pw(i)FU +

(k)T ETw(i)" Pw(i)Ex(k) < 7, (21e)

Mode 2

UTFT'w(1)" Pw(1)FU +

22 (k)T ETw(1)T Pw(1)FU +

(k)T ETw(1)" Pw(1)Ex(k) < n, (21f)
Her:
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Umin Umax
Umin Umax
; Umax: ;

Umin Umax

RRLAERE, i =1,--+ | N.

gE b, AR IR L (8) T Bk o iR IR
UK R (21), SR SCHR 121170 B9 T7 7, RHZAAE
) RUEAT SR A T ¢4 B 221, % J2 TSR ASE 2R SR A5 1) B
MefE SN

U*(ty) = {u*(k|k)--- u*(k+ N —1|k)}.  (22)

MPCH il S I 44y

B

BT B IR R GBI,

B2 ETHiES, REZLII N5
AT, A e = K.

TELR RSy

TB1 2, BRI YL RGRE
o (ty ) FSRTES Z RSO $E 2D IRD.

SE2  WRt, <, FHRERPE3 BN, D
%4,

LT3 CHRGREEHIETTIH, W, /M
HRA 5, 15 BIEMPCEHISE, #3355,

HB, 4 EMPCIEHIER RGUIREIEh B H Az
&, RIEHIR RS RRE TE. e IRS.
PSS  RENZE =k + 1, &P

4 i EHF(Simulation study)

BRI IR EC AL R Gudss il i J AT 45 2 ST A7 1y PR
BE, HFEEILIERE FIR A R G LR FE T, %
FEEMPCH il SIS TE R G0N AR T AR FAR T
10T X6 18 5 AL PR BRER 15 L DA K S A I 2 R IR 2 B 1,
I 5L GL IMPCH il SRS AT LA, SRR RN 1 s.
15 B AE ) 2 MATLABARAL T HAH, 1I217H145 N Intel
i5 3.4 GHziH5HL.

N T ORI EMPC B R, AR SCRT i
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RECHLSERR 2 G102 H s 51, THEAS 2SR
TS BB (v, us), IR EE LS AT E MR B MPC
St CE A IR, REEMPC IR BUS A B BN AR AE R
ZREGE A, FoRan R

lira = [l = 25§ + [lu — s (23)

EMPC 5 0= MPCHE il #5315 TR FH A IR ) F e
N =15. L5 BUSAS A I R G

/81 - 008, BQ - 40, 63 — 40, 64 - 80

EMPC TEZRAAL ] i i D) e i [R]IE R ¢ = 15 .
Lyapunov i £ 1 PR FEIEHUCH P = diag{0.1,0.01,
0.005}. AEZEMPCH ds - INAUE FEE A
001 0 0 100 0
g=1| 0001 0 |,»=|0100].
0 0 0.01 0 010

N T B AUEAEEMPCH i) SR T AN [F] A8 471 far 175 e 4
1 R HIENASTERE. W B AR PR B L.

B 1 INEEThR AL,

W14 7 155 N 50 MW, /D T8 Bl TF 41 7 2 Buld =
80 MW. Ay T Ber i 45 il 85 1A 250, BRI AR 24
WVRENL R G TR IR, TE28 1025 KRR 21, £
fai B2 M ER T 2280 MW.

13-4 /N AR T35 2R FHEMPC AITXUZ MPC
PR AR S, B R AL R Gk RSN =
15 B M 2. 1 & AT &0, EMPCAI S ZMPCH il 28 34 7]
IR N R G A iR e (. HL35 2 3%
HI R EEL .
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EMPC and tracking MPC controller
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Fig. 5 Responses of the boiler-turbine system under load
demand changes from 80 MW to 140 MW with

EMPC and tracking MPC controller
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Table 1 The transient economic performance
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Fig. 7 The dynamic response trajectories with EMPC and
tracking MPC controller under wide range

load changing condition
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