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Optimized Control of Superheated Steam Temperature of Once-
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ZHANG Mingqi**, LI Jun'?, GAO Lin"*, ZHOU Junbo'*,
GAO Yaokui'*, WANG Wenyu'?, WANG Dawei®, WANG Licheng®
(1. Xtran Thermal Power Research Institute Co. , LTD, Xtan 710000, Shaanxi Province, China;
2. National Key Laboratory of High-Efficiency and Flexible Coal Power with Carbon Capture,
Utilization and Storage, Xian 710000, Shaanxi Province, China; 3. Shaanxi Yanchang Petroleum
Fuxian Power Generation Co. , Ltd. , Yanan 716000, Shaanxi Province, China)

Abstract: Based on fuzzy intelligent predictive control, a control scheme for optimizing superheated steam
temperature of DC boiler was proposed. The scheme was based on fuzzy set theory and predictive control
algorithm, combined with the expert system for optimizing the control decisions. The control signal filte-
ring and non-disruptive switching functions were designed, and a fuzzy intelligent predictive control algo-
rithm was proposed. Results show that under such disturbances as external disturbances, environmental
noise and model parameter perturbations, the intelligent predictive control algorithm performs well in con-
trolling the superheated steam temperature of the unit. The intelligent predictive control algorithm can
meet the control requirements of the DC boiler superheated steam temperature system with large inertia,
large delay and multiple disturbances.
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Tab.1 Fuzzy query table for performance indicators
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gent predictive controller algorithm
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steam temperature in steady state

B 13 B . B BLZ 9f AR E E 485 MW
B 30T AL ZEL AL T P 9 s B X B 4 4 A — RE VLT
WPRFFAE . B REIIR R AL B A
E A A 1 R RE A% 90 B 78 I R AR A DR
A9 T S R 0 AR IR 4T B (E Y I 22
ANF A3 KFHRIRE S T2 2 K.

UnlE 14 Fr s . U HLE 7045 A 450 MW i
F 400 MW B 3T« UL A T Pp 80 42 o 452 55 A RE IR
il 28 G010 A A ) 56 A 7 e A o A R RE B
S B 7% R R T R T A el 1R A R A 1
DU 28T 5 BE (R 22 /0 T 8 KL R H19%
A T4 4 K.

1 1 1 0
0 1 000 2000 3000 4000
i 8] /s

P 14 7 A I B AR RE ST 5 S A TR O

Fig. 14  Effect of implementing intelligent predictive control on

steam temperature under off-designed condition

£i b O BE T R B A LA
i ARG G - 7E AR 25 A e rh s A IR 7 A R i
S ZE PR AR BB RN T3 Ko B
AN DG K R Y S R R L R DD T i PR
i P SR S AW 2/ T £ 8 K.

5 #Hit

AR SRR X L IR R SRR R R 2
AR R 2 B R AT S BR AR N
H A B — il R R AR T A A A ML 2 e PR
Al r % .

(1) B3 USRI 000 42 ) o 2 6 5 L K A
T Y2 RO N P B A e R RE B E ST T
T R P A PR E

(2) 38 5 i 2 4 ) B 0k 5 AR 2 PID 45l kAT
D5 FXFEE S Rk 1 vk A B L O S B AR T 4R
NS IB &S

(3) LT A 552 B 15 20 22 10T o A5 B9 i 0 00
Pl o 7 AL PO R S8 R 15 T RE . O A
TRIIE T HLALA % 42 Fas (& 57V RIGIs 1T .

S % Uk :

[1] BT, 1000 MW il G S ALAL 35 PR B AR 2 RS
5D e . fdbl J3 R, 2015,

2] skakze, %, £4, % BT NSRRGSR B
MR B FRIRPRERRSE]. PEBYLIESR
. 2024, 44(23); 9331-9341.
ZHANG Zhihao, LI Jun, WANG Lin, et al. Cascade
control system of main steam temperature based on
internal model control and improved active disturb-
ance rejection control[ J]. Proceedings of the CSEE,
2024, 44(23): 9331-9341.

[3] St ki, . ATZEEBHEMEME N KRR
Aot iz W] s h TRZF|R. 2023, 43(2):
237-245.



« 2024 -

2/ B S 3

I 45 %

[4]

[5]

[6]

[7]

[8]

L9l

(10]

WU Zheng, ZHANG Yue, DONG Ze. Fault diagno-
sis of main steam temperature system based on multi-
graph convolutional neural network[]J]. Journal of
Chinese Society of Power Engineering, 2023, 43(2).
237-245.

WAL, BARE, BRSO TR Z R Y H0R
UG BB ER R I]. 3 h TRF|, 2025,
45(6); 887-894, 912.

CHANG Yaohua, WEI Genyuan, ZHAO Shen,
et al. Neural network-based improved active disturb-
ance rejection control strategy for superheated steam
temperature[ J |. Journal of Chinese Society of Power
Engineering, 2025, 45(6). 887-894, 912.

HAH e AR 4R T S R AR 25 B AR E Pk ) XU 1 fh K 2
PORIR AR ] R ARFE 5 T12.2024.40(10) .
67-78.

SHEN Shilong, DENG Tuoyu, YUAN Zhensen.
Cascade control of superheated steam temperature
with dual-event trigger considering stability[ J]. Pow-
er Science and Engineering, 2024, 40(10) . 67-78.

E P, TR, RAAE, L TG KA IO R AR
WHAR R PID R T ELT] URBEREE R,
2023(10): 93-99.

YAN Dan, SU Shujing, WU Mengxiang, et al. Var-
iable theory domain fuzzy PID temperature control
method based on improved grey prediction[J]. In-
strument Technique and Sensor, 2023(10): 93-99.
LR, SN, EIELL, %, BT PEDMC By K H L
A E IR BT O R [, R Tl
KEZHR(BRREFEMR), 2023, 40(3): 302-312.

AN Shuo, FENG Xugang, WANG Zhengbing, et al.
Cascade feedforward predictive control strategy for
main steam temperature of generator units based on
PI-DMC[]J]. Journal of Anhui University of Technolo-
gy (Natural Science) , 2023, 40(3): 302-312.
PRFREE . OB, R R, R ZH 5 PR B8 B A A
RUHG B E I ). B h TR F M. 2024, 44 (1)
76-83.

CHEN Yifan, CAO Yue, SI Fengqi. Feedforward
control of superheated steam temperature with wide
load model for coal-fired units[ J]. Journal of Chinese
Society of Power Engineering, 2024, 44(1). 76-83.
Lhap, B B 3 PR ZE IR B S 2 T PID 4%
Fkl]. A%, 2016, 45(8): 104-108.

MA Ping, ZHAO Qian. Application of dynamic pre-
dictive PID control algorithm in boiler superheated
steam temperature prediction [ J]. Thermal Power
Generation, 2016, 45(8): 104-108.

TONG Zheming, CHEN Xin, TONG Shuiguang,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

et al. Dense residual LSTM-attention network for
boiler steam temperature prediction with uncertainty
analysis[ J ]. ACS Omega, 2022, 7 (13). 11422-
11429.

SN, FREGH . AL, . BT LSTM Bifli#h£2
Mok L ERRIBEER RSL]] £BiEE,
2023, 37(1): 51-38.

ZHANG Guobin, GUO Ruijun, DU Ronghua, et al.
Main steam temperature control system based on pre-
diction and compensation with LSTM in a thermal
power unit [ J]. Power Equipment, 2023, 37 (1):
51-58.

W, W, MR, %, 5T PENN A9 Kl fL4l T
PORRPFR T B R AR RE L] FEXFZER(E
RBIZEAR) . 2022, 53(3): 417-424.

CAO Yue., ZHENG Liang, CHEN Yifan, et al. I-
dentification method and control strategy for super-
heated steam temperature of thermal power unit based
on PENN[J]. Journal of Southeast University (Natural
Science Edition) , 2022, 53(3) . 417-424.

ZENG Jing, XIE Youcheng, CHEN Lei. Design of
main steam temperature cascade control system based
on fuzzy self-tuning PID controller[ C]//2008 Inter-

national Conference on Intelligent Computation Tech-

nology and Automation. Changsha: IEEE, 2008.
878-881.
FINBE, NG, AR, SFL AR 2K R R

FEHAGTER)]. TERAMESEIR. 2017, 38(1):
27-32.

WANG Bingqgi. HAN Xiaoqu, ZHANG Cheng,
et al. Simulation on fuzzy control of steam tempera-
ture for a lignite-fired boiler[J]. Journal of Engineer-
ing Thermophysics, 2017, 38(1). 27-32.

SAVRAN A. A multivariable predictive fuzzy PID
control system[J]. Applied Soft Computing, 2013, 13
(5): 2658-2667.

BT VRO, B A PO R Y B I 4
@it [J]. REMBEFM|. 2019, 31(5): 1002-
1009.

QIAN Hong, FENG Yugqing. Design of adaptive pre-
dictive controller for superheated steam temperature
control[J]. Journal of System Simulation, 2019, 31
(5): 1002-1009.

Yo, NI, SCEh T, ZF. EETF Laguerre RS () i
PRl BN B0 PLAE R REEL]]. REBRV IR
. 2012, 32(5); 119-125.

YAO Wei, SUN Haishun, WEN Jinyu, et al. An a-
daptive predictive PI control system of super-heated

steam temperature based on Laguerre model[J]. Pro-



%12 4

HROBA S A T AR AT A TR 35 4] 69 AR P AT RGA B AL 3R 4 . 2025 -

ceedings of the CSEE, 2012, 32(5). 119-125.
B tRAiRAe . EAk A SET ZARINALE B Y
B ORI T B R R E R LT] TTRB A,
2023, 36(10): 121-129.

HU Yuhang, XU Zhenhua, WANG Lin, et al. Gen-
eralized predictive cascaded control of boiler super-
heated steam temperature based on multi-model
weighted scheduling[ J]. Guangdong Electric Power,
2023, 36(10) . 121-129.

IMEYE, £, REK. AZiEHERMELIM] Juat.
A2 Toll i pi . 2023 394,

MR, mMEY. BB, L BTN X E i
il R ML P R g o HI L] PEEHI
BFI, 2019, 39(16): 4819-4826.

ZENG Deliang, GAO Yaokui, HU Yong, et al. Op-
timized control of the drum boiler power plant’s coor-
dination system based on stair-like generalized predic-
tive control[ J]. Proceedings of the CSEE., 2019, 39
(16) . 4819-4826.

KA, VFLER, B, 5. T GAMERRRESR
MR )] HENNE 5§, 2015, 23
(5): 1519-1521.

SONG Weixin, XU Bixi, GU Lian, et al. Internal
model control for main steam temperature system
based on GA[J]. Computer Measurement & Control,
2015, 23(5): 1519-1521.

R, BRI, BOAL . S5, AL TR R 6 2% F0 4
M FEFGR i RILT HEMHE, 2021, 38(9):

114-118.

SU Ye, LING Luyjia, DUAN Yacan. et al. Optimiza-
tion control of main steam temperature based on neu-
ral network predictive control[ J]. Computer Simula-
tion, 2021, 38(9). 114-118.

T#, £FE. HET RBF &M% ry PFC-PID £1%
g m R L], 4B hKREFZR, 2020, 47
(6): 91-98.

YU Jing, JIN Xiuzhang. PFC-PID main steam tem-
perature cascade predictive control based on RBF neu-
ral network[ J|. Journal of North China Electric Power
University, 2020, 47(6) . 91-98.

LR, #EAF. PID M 2 ) 45 300 42 i) 76 8 15 5 AL
M PREER PR AT Beezh h I, 2020,
35(1) . 178-184.

MA Liangyu, YAN Meng. Application of neural net-
work inverse control with PID compensation in super-
heated steam temperature control of supercritical boil-
er unit[J]. Journal of Engineering for Thermal Energy
and Power, 2020, 35(1). 178-184.

AR, MO SC, SRR, AL T R T R 5k A
600 MW & Il FEHLLE B o 42l b g R LT ] Dol
HISFEN . 2019, 32(1); 47-49.

YU Jun, LIN Peiwen, GONG Zhuomin, et al. Ap-
plication of intelligent predictive control algorithm to
the coordinated control system of 600 MW supercriti-
cal power units [ J]. Industrial Control Computer,

2019, 32(1): 47-49.



