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Multi-Objective Coupling Control and Parameter Self-Adaptive Updating of
Condensate and Feedwater System
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(School of Mechanical and Electrical Engineering, University of Electronic Science and Technology of China, Chengdu,
China, Post Code: 611731)

Abstract: The traditional PID control method has the defect of poor overall stability in the control process
due to the multi-index control problem caused by the strong coupling characteristics of pumps and valves
inside this system, as well as the strong boundary interference from upstream and downstream equipment
during system operation. To improve the control performance of the system, a hybrid control strategy in-
tegrating multi-objective coupling and a fuzzy neural network ( FNN) is proposed. An internal coupling a-
nalysis of the system is conducted, leading to the formulation of a multi-objective coupling control strategy
for water supply flow rate and feedwater valve pressure difference, which facilitates the coordinated con-
trol of the pump and valve. Addressing external disturbances of the system, a control parameter update
scheme grounded in fuzzy neural network principles is established, thereby bolstering the self-adaptive ca-
pacity and regulatory performance of the control system. The simulation results show that the multi-objec-
tive coupling plus FNN control scheme reduces the fluctuations of water supply flow rate and feedwater

valve pressure difference by 6.6% and 36.7% compared with the traditional PID control method. There-

Wis #2024 - 12 -25; 21T HH:2025 -02 - 26

B&TA HHE WA A EDHNAE AL (202101204003)

Fund-supported Project : Ministry of Education Industry-University Cooperative Education Project (202101204003 )
EZE AT 42(2000 - ) 3B LT RHOR WL AT ST AR

BIEEE ATRIE(1973 - ) 20, T RHE R 3R,



556 M

WA B K ARG Z B RS 4 ) S A 1 R - 111 -

fore, the control scheme designed in this article can enhance the collaborative control performance of

pumps and valves and effectively deal with external boundary interference, thereby improving pipeline

flow, weakening loop oscillation, and enhancing the stability of condensate and feedwater system.

Key words: condensate and feedwater system, coupling control factors, multi-objective control, fuzzy

neural network (FNN)
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Fig. 4 Multi-objective control scheme

K5 g5t TR TIRZEM Z AARERITT S . 1%
J7 G LA AR 2545 ) B BR ZE MR SR A4 2R 1 Y
Pl F A, LW ER 3 2 R R e s 22 35 3 S e S50y
I6] , % B& S o R SR PR AR W A WSS, S B
VR X e A P 22 I 4, R eSO 1A
T 25 FiE o A L RO A L R A (AR ), DUB IE RO 4
N WA JE 22 Sy A Y B2 )

NI 22 i b A 5 FHE o D R] 42 ] 64 £ B2, 22

FIbR il 7 S B g K i R GE TR TRy
[6 A I AR 8 T B A (A WRUAE, T 1) 114 5
RN AT v A 3 A T U A B ik
PR BAR R, RO Z RT3 A SRR
FEREMHAG Al 42 B f i g R, mT LU it %
FARGE FMIIE T R BERE R T B AL e, T
THURGHEPRE

[smpixme |

SRR i

HARtk o i

+

PIDFE il 28 LK E >
1t

PIDF il #%

SEFREK IR 2

5 ETREMMZBREHAE

Fig. 5 Multi-objective control scheme based on

HiRGKIER:

sum of errors

2.3 EHSHBRENAK

2 H bR 45 il O 52 6 A8 B RR PR R 5l ok 4
BT PR RIBLA, P i i b RR (E ] it ik —
AN TS0 PID 428 i 50 10 B AR A P i | 7
825 SHUN R R RIME S [ L

T8I PID ( Fuzzy PID) J&—FEHL 48 PID #5461 4%
SRR ) B AR 45 G B T ik, AT DL SE o AR
WA ARk IR T PID $E 28 10 S 4L, RES AL HUR
K FBORIECE B 2= A B, R G0 3 i 5
RIGFATER " o R T RS A5 BRI 2 o
ZHCH R EWLEZ MR, 7T K| ] BP (Back Propagation )
25 0 246 XoP B T A T2 20 I 2, AT % A 1E A5
WIZHL, BP 1122 0 28 S — Tl i UL 1) T 3 o 428 00 4%
BRAY 3 o 1R 22 WG B R A T YIS RERS R I R
PElh i BB G R MG O T, 24 2 I AR K it
Nt Z AR e & . FIHaNIE 6 s A 46 i
A2 Bz ik 2 A6 9 ) 3L = 2 BP i 42 1)
2 REfS SCIR AR LR M R BGE I

FEOR A 22 ) 2% ( Fuzzy Neural Network , FNN) 4%
A T BRI i A 2 45 1) A TE N BE T, B
H2e) B PEaR BeA AL e AR et R A SR



<114 - o HE

8 o T

2025 4

P, BT FNN 461 S50 A s R a5t an 18l 7 fi
IR o DT SRR DAL S 50 R A T AR 4 2R, T
Xt R G Sh AL SR b S50, R g i
i Do 24 kR e A R AT 2 2D R 2, A sk sk
JF P DR ESORIRS R 0 DU 384006 o 5 O 5 1 2 P 5
B0, LA RS [ B T 00 R s g e 0

RER LRI

6 ET BPBEENERAIREMEEEE
Fig. 6 Multi-layer feedforward network structure

diagram based on BP algorithm

rimy  WEEEEL  mfifin
g py g gy S —— |
_lAKJZKi AK,
x + E
,T_ |——|_|-|—~ PIDHI 55 R
de/dt
EC

7 ET FNN fiEH S8 A EM EHENE

Fig.7 Control parameter self-adaptive update

rr----"—-""""/""=""=""—r— A
| SR RIS |
| O PR 2l |
OIS 2L
| e PORERE g ||
| wogm | B e |
| |
I

structure diagram based on FNN

e, 7 S FERSEAY) i 225 D00 242 T ¥y 38 17
Bt — B EEL K R G K AR 4 2
BoasE M r 58, B i RGP T RE 1 0f ki 4
(LSNP E

EEXTEEL K R G0, T IR A A K I o R4 7K
PP 3 s 22 PR DR 22 i 22 8 AR 3 4 AL IR PID 47 il
PRXT R (0 H SR S AK, L AK, R AK,, S B
K, KK, 50, B0

K, =K' +AK ,x € {p,i,dl (2)
XK — WIS R A, — T 28

SERHIIG SR E T, B XTI IR 4 ) 240 AK,
Fadt FNN 561 280 A 3 v BT R ge . H AR, fit
Kt 54K IR R 22 A J5 1R 25 E flR 227481k
FRECH/EW T . E Ml EC Bgik¥ M| -4, -2.6,
-1.3,0,1.3,2.6,4},

257K 1R T BE ASOR 4 ) 2 BUBUEL AN T - AK Y18
B! -0.3,-0.2,-0.1,0,0.1,0.2,0.3} ;AK. 1}
WK -0.03, -0.02, -0.01,0,0.01,0. 02,
0.03} ;AK, g3 R { -0.03, -0.02, -0.01,0,
0.01,0.02,0.03}

YK I e TR 45 ] S EORE AT - AK 1Y
WA -6, -4, -2,0,2,4,6} ; AK. (I M | -
0.3,-0.2,-0.1,0,0.1,0.2,0.3}; AK, 93 A
[-0.3,-0.2,-0.1,0,0.1,0.2,0.3],

AR T A T G, B AR AR fE 2 A Ry
IER(PB) (IEH (PM) (IE/N(PS) (& (Z0) i/
(NS) . (NM) (51K (NB) , R BMI 545 | NB,
NM,NS,Z0,PS,PM,PB} , BEIHLINBERE LT

(1) MR B BKE, 1K B 45 DARH il
DRZE IR 2E BRI BN LB £ R A i B
EIE,

(2) iR E KW EAFTER, 3 R Ir1 55
UM BRI LEMAR IR 22 ik 2% E C AR AT
Fmf IR £ DL G B R R R S

(3) HRZEARR BC HART, 3 Ko 25
A IR 15 26 A8 A A e 1, 9/ N R R RR 7 5 X 18 22
AL EC BINEE /NI 25, LASD 3R G 10 1

1T E X BEL K R G B S8 B
RTH RN, o S bR EC RN FE 4R E 43
SAHEAC 5 K R T TR 22 6 Z 5 iR 227254k
RANRZE WA 50 7 ABI S, BT
IR TR K AEARRL EC A1 E Z& 44 N i 4 il
HHSHAK, AK FTAK,

K s R R R AR s T RO
PR, AKSCAE Matlab B0 48 45 H E S HLTE |
TENPETR ) gauss2MF PREL,



556 M

WA B K ARG Z B RS 4 ) S A 1 R - 115 -

R 1 BRBKRFGHKRENE N SEEM TN R

Tab. 1 Fuzzy rule table for water supply flow rate and pressure control parameters of condensate and feedwater system
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