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External Generalized Predictive Cascade Control for Main Steam Temperature

Based on Weight Factor Self-regulating
WANG Mao-Xuan' WANG Yong-Fu' CHAI Tian-You® ZHANG Xiao-Yu®

Abstract The PI-PI cascade controller, which is widely used in power plants for adjusting main steam temperat-
ure, cannot effectively overcome the negative effects caused by inertia, time delay and time-varying parameters,
therefore an ideal generalized predictive control (GPC)-PI cascade controller is proposed in this paper. Firstly, the
GPC-PI cascade controller could attenuate the primary and secondary disturbances. To solve the problems of iner-
tia and time delay in the main steam temperature system, the GPC-PI cascade controller predicts the multi-step
main steam temperature integrating with rolling optimization technique. In addition, facing the time-varying para-
meters of the main steam temperature system, the GPC-PI cascade controller adopts the T-S (Takagi-Sugeno) fuzzy
neural networks (FNN) as the main steam temperature model, whose parameters can be identified and updated in
real time. Meanwhile, in order to further improve the dynamic response speed and stability of the main steam tem-
perature system, fuzzy self-regulating of weight factor in outer-loop GPC is designed. The theoretical analysis and
comparative simulations verify that the ideal GPC-PI cascade controller is superior to the GPC-PI cascade control-
ler with fixed weight factor and the PI-PI cascade controller. Finally, considering the safety and risks due to the
substitution of PI-PI cascade controller by the ideal GPC-PI cascade controller in distributed control systems
(DCS), the PI-PI cascade controller is upgraded to the GPC-PI-PI controller for power plant, which not only im-
proves the control effects but also avoids liabilities for risks. The practical application demonstrates the effective-
ness of the GPC-PI-PI controller.

Key words Main steam temperature, generalized predictive control (GPC), fuzzy neural network (FNN), weight
factor, self-regulating, cascade control
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Pk +p) = gp(z7 )z TPAu (K — 1) +
folz7Hri(k) (27)
IS M R (1) A BRI R B B bR
/N, AT, S3EHIR N, = 1, B Aug(k+ 1) =
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p=1,-- N, AN K (1) R H bRk
Hr&EEES N
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(28)
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fara(z™h)

9d+1,0
9d+2,1
, G=
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I/ EA O E N R
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3.2 WEETEMBEKIE
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Table 1  Fuzzy regulation rules of weight factor Ay
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PS NS ZE PS ZE NS
PB NL NB NM NB NL

R BB AL SRARIE B AT 22 S A
WHERENL, WIASBUE R 1 Ay SIS IEAE

25 1 R R
> A pa(@)pa (Aé)
Ai(e, Ae) = =L (33)
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G'|R—Fri(k)—HAU]
GG + N

B(z 1)zt + A¢(k)
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Jm E{ri(k) —ri} = AV, (k) = Ve(k) — (B{ri(k) —17"})? —
G'F . P, Mo (E{Auy (k)})? = Ve(k) =
GrF'| L, T o= o ) PR )
LRI, Hik = oo I, BARITEIE i (k) WS PARLE IR T 0 < Amin < A < Amax » HI3U (46)
TR EWE R ri?. O AT AV(k) <0. R¥E Lyapunov #lig, 32 20RRE

FEIB 2. KM T-S A FNN #i8 (8) i@if E7#IK
B RG (2), 2T U (31), 53
L, BCEREF 0 < Amin < Mk < Aman, W FE AR
WERR. EHUAN N BB Lyapunov BREL

Ve(k) = lim > (E{ri(k+p) —r"})* +
p=0

nEngkmp(E{Aul(k +p)})? (1)

A Ve(k+ 1) AT RE A
Ve(k+1) =
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i Sk ) -
p
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) ETOOZ;(E{ﬁ(k +p) = riPH? +
p:
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NS EE 1, v L3
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p—+
Mk oo i, Al =0, Hit
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