54% 1M #AHAE Vol54  No.l
2025 4 1 A THERMAL POWER GENERATION Jan. 2025

DOI:10.19666/j.rlfd.202405153

BURAFRFAEERAELAY T LFEMAMN
EAEE, B W9, &F), 24%, & F

(e ) K FEH it M TAEF0E, L7 102206)

i B A THRAEARE AR P ST LR i i B ok, AEAR R 600 MW
BRI AL R A AT %, i agpLEAR AL, & & 2| K4aatede (long short-term
memory, LSTM) #¥%% W 2 H ik 2 4 32 KBt 5 5 848 69 AR, 3+ T BT s HL3ZAR &) o 45 4
o B4 TR BT AL A R AR £ AL A BRI AL B 2 09 i KR E AR R
AR TAL, KA LSTM 4p & B 4 28 S04 B SR B AT RAB AT T AZINE, B T Re9 iR
PULE B R S IBAT AP B A TARMRAL T AL, 3 TR SR P oy sh A 5%, LA
NRIBATHAE, KRR E 0 HNE IR THARKTR, RAFHA T EGRE F AR
Ao 3T AT E L0 A AT IR B S M X Ao R SR AT IR GE, 25 % RV a9 A AR
G R AR NS R GG B KB AT, BARFREFIRPHEIRARES. P BHER
B A ARALLEL § 7T 09T 30 43 B iR 230 F 1.76%, #ATE AT B F AR I b
PR 22 ) H R A 5

(X $& R Ay, aEEeE, KamilidzerReg, 2o %k, KET R FAEA

[SIRAAXHER] #4204, A8, F 57, % BERLAYVIEERL B E L H42KA[]. #7 X%, 2025, 54(1); 88-98.
HAN Chenghao, DU Ming, NIU Yuguang, et al. Modeling of supercritical once-through boiler unit with complex equations
optimization[J]. Thermal Power Generation, 2025, 54(1): 88-98.

Modeling of supercritical once-through boiler unit with complex
equations optimization

HAN Chenghao, DU Ming, NIU Yuguang, CUIl Zhaofei, LI Qing

(School of Control and Computer Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: In order to study the dynamic characteristics of supercritical once-through boiler units and design a
coordinated control algorithm for it, a supercritical 600 MW coal-fired once-through boiler unit is taken as the
research object and a mechanism model of the unit is established. In the model, the complex heat absorption
equation and steam pressure difference equation in boiler section, as well as the superheated steam flow equation
and unit load coefficient equation in turbine section are fitted by the long short-term memory (LSTM) neural
network with real operational data from the unit given the algorithm's superiority in handling sequence data with
long-term dependencies. This established four sub-models of the equations that can capture the operating
characteristics of the unit. For the dynamic parameters in the mechanism model, an improved differential
evolution algorithm is proposed to identify. After this, a complete state equation model is obtained. The
established model is verified through open-loop step disturbance testing and closed-loop simulation upon
historical operation data. The results show that the established model can accurately reflect the dynamic operating
characteristics of the unit. The mean absolute percent error of the main steam pressure, steam enthalpy in
separator and unit load are all less than 1.76%, which means the established model has high accuracy and can be
used for research on coordinated control algorithms of supercritical units.

Key words: once-through boiler unit; mechanism modeling; LSTM network; differential evolution algorithm;
state space equation model
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Fig.1 Schematic diagram of the supercritical
thermal power unit
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Tab.3 Comparison between calculated values and actual values under steady-state operating conditions

i\ i LA
ug/(kg s7%) Drwl(kg s74) Ut ps/MPa hm/(kJ kg Ne/MW
112.8 596.2 0.554 14.41 26414 196
129.9 686.9 0.661 14.43 27737 240
145.3 736.2 0.766 14.35 2662.5 271
190.1 885.6 0.866 15.96 2627.6 370
212.8 12132 0.843 20.67 2516.3 450
247 1290.6 0.852 23.59 24133 520
S AR ®2%
ps/MPa h/(kJ kg No/MW Apsipsto Ah/himo ANe/Neo
14.49 2672.3 198 0.314 1.125 0.333
14.41 27441 239 0.079 1.078 0.167
14.25 2638.5 274 0.394 0.874 0.500
15.68 2583.9 363 1.102 1.591 1.167
20.33 25121 453 1.338 0.153 0.500
24.04 2417 526 1.772 0.135 1.000
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Smnrel% 1.92 2.39 1.55
& 15 REMEE EFRSE XL THROTIEE Srwse 14.84 0.80 4953
Fig.15 Comparison of main steam pressure for
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Tab.4 Difference of model output and true value

BORERL s s RRIURS SRR
omare/% 1.64 1.44 1.23
350~550 ORMSE 11.81 0.48 39.47
OmAE 9.86 0.37 33.85
Omare/% 1.76 1.56 1.40
500~220 ORMSE 1291 0.46 45.08
OMAE 10.58 0.40 38.57
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