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Abstract 

Aiming at the characteristic that the main steam temperature control system of the 
power station is a non-linear and large lag object, this paper designs an intelligent 
control algorithm for the main steam temperature based on expert-fuzzy control. On the 
basis of good self-adaptive ability and strong robustness of fuzzy control, combined with 
expert control system, an effective solution is proposed for the control of main steam 
temperature of boiler. The simulation results show that the expert-fuzzy control has 
better control performance than the cascade PID control in the control of the main steam 
temperature of the power station , the overshoot is smaller, the response speed is faster, 
and the adaptability is better. 
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1. Introduction 

The main steam temperature control system is an important control index of the boiler performance 

in thermal power plants, and its core task is to control the outlet temperature of the superheater within 

the specified range. When the temperature of the superheater and the tube wall of the main steam 

temperature system is too low, the working efficiency of the superheated steam will decrease, the 

coal consumption will increase, and the production requirements cannot be met; if the temperature is 

too high, the service life of the equipment will be shortened and safety accidents will occur. Only by 

formulating an appropriate control strategy can the control requirements be met and the production 

efficiency of the system be improved. At present, it is widely used in the cascade PID control of the 

main steam temperature system of the power station. Affected by the variable working conditions, 

the PID parameters need to be adjusted frequently for different control objects, which not only 

increases the workload of the operator, but also may cause changes due to parameter adjustment. 

Improper control accuracy will not meet the requirements. The introduction of intelligent control 

theory is of great significance for solving current problems. Fuzzy control does not require high model 

accuracy, has good adaptive ability and good robustness, but the control accuracy is not enough, the 

adjustment time is slow, and there is a certain oscillation near the steady state; expert system control 

has fast initial stabilization speed, static state It has the advantages of good stability and performance, 

but the anti-interference ability is poor. When interference or noise occurs, the overshoot of the output 

response is extremely large, and the control performance drops sharply. To this end, this paper 

effectively combines the above two intelligent algorithms, takes a supercritical 600MW once-through 

boiler under 50% load superheater model as the research object, designs an expert-fuzzy controller, 
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realizes the control of the main steam temperature system, and the efficiency of the control strategy 

is verified by simulation. 

2. Main Steam Temperature Control System Model Section Headings 

Supercritical thermal power units generally work in a two-stage intermediate reheating mode, and the 

main steam temperature control system generally adopts the main loop "desuperheating water flow-

main steam temperature" and the secondary loop "desuperheating water valve opening-

desuperheating water flow". Cascade PID control strategy. Figure 1 is the process flow chart of the 

steam-water system of a power plant in Bengbu, the system uses a two-stage superheater to spray 

water to reduce temperature. The primary desuperheating water is to eliminate the temperature 

deviation produced by the low temperature superheater, and at the same time, it can prevent the screen 

superheater from overheating; the function of the secondary desuperheating water is to maintain the 

steam temperature at the outlet of the high temperature superheater in the normal range, and the 

secondary desuperheating water is arranged on the screen. between the superheater and the high 

temperature superheater. 

 

 

Figure 1. Superhated steam temperature cascade control system structure 

 

In a typical main steam temperature cascade PID control system, the leading zone is the inner loop 

desuperheater and water-steam mixing equipment, and the inert zone is the outer loop high 

temperature superheater. The dynamic response of the system is mainly affected by the outer loop, 

which contains large time constants and delays. The inner loop process variable y2 is the steam 

temperature at the outlet of the desuperheater, and the outer loop process variable y1 is the 

superheated steam temperature. The set value of the main regulator is the given value of the main 

steam temperature of the system, and its output is the set value of the auxiliary regulator; and the 

output signal of the auxiliary regulator is sent to the control valve to control the production process. 

The disturbance D2 of the inner loop is the steam flow and temperature, and the disturbance D1 of 

the outer loop is the steam flow and the heat transfer amount of the flue gas. As a fast loop, the 

secondary loop can quickly eliminate the disturbance acting on the inner loop. 
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Figure 2. Main steam temperature cascade control system structure diagram 

 

In this paper, the literature [5] build a supercritical 600MW once-through boiler under 50% load 

superheater model, and the limit model method is used to obtain the transfer function of the controlled 

object: 
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PID controller in the main steam temperature cascade control, replaces the outer loop with an expert-

fuzzy controller, and regards the closed-loop system in the leading region and the inertial region as 

the generalized controlled object. 

 

 

Figure 3. Generalized controlled object structure diagram 

 

Since the first-order inertia plus pure lag structure can fully describe the dynamic response 

characteristics of the system, it is often used for the equivalence of high-order inertial models. The 

first-order plus pure lag model of: 
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In specific applications, the controller can be designed according to the generalized controlled object 

model. 

3. Expert-fuzzy Controller Design 

3.1 Expert PID control module  

Essence of expert PID control is to use expert experience to design the controller, and the operator's 

judgment skills and reasoning ability are involved in the design of the control system. In the expert 

PID control system, the setting of PID parameters is realized by the expert system, the control signal 

is still given by the PID controller, and the expert system only affects the control process indirectly. 

 

 

Figure 4. Schematic diagram of expert PID control 

 

The partition control algorithm of the expert system adopts different control strategies by detecting 

the region where the error and the rate of change of the error are located. The following five control 

rules are designed for the main steam temperature system based on expert experience: 

Rule 1: When|e(k)|>the error limit M1, t means that the absolute value of the error is already very 

large. Design a piecewise function according to the value of |e(k)| to obtain the real-time error in 

different segments. The control quantity u can reduce the error quickly and improve the initial 

response speed of the system. 

Rule 2: When e(k)Δe(k)>0 orΔe(k)=0, t means that the error is changing in the direction of increasing 

absolute value, or the error is a constant that does not change. 

If |e(k)|≥the error limit M2, it means that the error is large, nd a strong control action can be 

implemented to make the error change in the direction of decreasing absolute value. The designed 

controller output is: 

 

( ) ( ) ( )1**08.01u −+−= kekkuk P                              (4) 

 

If |e(k)|<M2 ,it means that although the error changes in the direction of increasing the absolute value, 

the absolute value of the error itself is not large, and the general control function can be considered. 

The designed controller output is: 

 

( ) ( ) ( )1**02.01u −+−= kekkuk P                             (5) 

 

Rule 3 : When e(k)Δe(k)<0 and Δe(k)Δe(k)<0 ,it means that the error is in an extreme state: 

If the absolute value of the error is large at this time, ie |e(k)| ≥M2 , a stronger control can be 

considered: 
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( ) ( ) ( )kekkuk P m**21u +−=                              (6) 

 

If |e(k)|<M2 , a weaker control can be considered: 

 

( ) ( ) ( )kekkuk P m**8.01u +−=                             (7) 

 

Rule 4 : When e(k)Δe(k)<0 and Δe(k)Δe(k)>0 or e(k)=0 , it means that the absolute value of the error 

changes in a decreasing direction,or Equilibrium has been reached, at which point the controller 

output can remain unchanged. 

Rule 5: When|e(k)|≤ε(0<ε<< M2),it means that the absolute value of the error is very small, and the 

integral control is introduced at this time to eliminate the steady-state error. 

where em(k) is the kth extreme value of the error, and u(k) is the kth controller output. 

The simulation results are shown in the figure below. The advantages of expert PID control are that 

the adjustment time is short and the accuracy is high, but it cannot effectively control the noise signal. 
 

 

Figure 5. Expert PID Step Response Curve 

3.2 Fuzzy Control Module 

The principle of fuzzy control is to simulate the control method of human search and reasoning based 

on the rules of uncertainty, it does not need to establish an accurate mathematical model. The design 

of fuzzy controller includes selection of control variables, fuzzification, formulation of fuzzy control 

rules, fuzzy inference engine, and inverse fuzzification. 
 

 

Figure 6. Fuzzy control schematic 
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3.2.1 Selection and Fuzzification of Input Variables 

The input variables of the fuzzy controller are selected as two-dimensional input variables: the system 

input error e and the error rate of change ec, and the output variable is the control variable u. The 

clear value input by the controller is converted into a fuzzy quantity to facilitate the inference of the 

fuzzy inference engine. Observe the response range of the error and the error rate of change of the 

main steam temperature system in the cascade PID control, select the exact quantum domain of e and 

ec to be [-1,1], and the exact quantum domain of the control variable u to be [-1,0.5], the quantization 

factor takes 1, and the scale factor takes -1. 

The fuzzy subsets of the input variables e and ec are {negative(N), zero(Z), ositive(P)}, and the fuzzy 

subsets of the control variable u are {negative large (NB), negative small (NS), zero (ZE), positive 

small (PS), positive large (PB)}; the membership functions of ec and u select the triangular 

membership function, and the membership function of e selects the Gaussian membership function. 

Generally speaking, the more levels of fuzzy subsets are selected, the more accurate the description 

of the object state will be, but at the same time, the control rules will become more complex, the 

amount of computation will increase, and the inference time will become longer. Therefore, the 

selection of the number of fuzzy sets is generally 3 to 7. 

3.2.2 Fuzzy Control Rule Base 

As the core of fuzzy controller, fuzzy rules play the role of correction device and compensation. For 

the establishment of fuzzy control rules, the following principles should be followed: 

①When e<0, ec<0, the superheated steam temperature deviates from the set value, and the output of 

the control variable u is increased to strengthen the control effect; when e<0, ec>0, the error changes 

in the direction of decreasing, and the control variable u is at this time. should be reduced. 

②When e>0, ec>0, the error changes in the direction of increase, and the control value u is reduced; 

when e>0, ec<0, in order to make the main steam temperature system have a better response speed, 

it can be used in the initial stage. Larger control amount; when the error is reduced to a certain extent, 

reduce the output of u. 

③When the absolute value of the error is small, a weaker control action should be used, and the 

control amount u should be selected appropriately. 

④In order to meet the premise of control precision and response speed, the number of control rules 

should not be too small or too much. 

According to the above control principles, the following fuzzy control rule table is designed: 

 

Table 1. control rule table 

 e1(negative) e2(zero) e3(positive) 

ec1(negative) PB PS  ZE 

ec2(zero) PS  ZE NS 

ec3(positive) ZE NS NB 

 

e 
u 

ec 
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Figure 7. Surface diagram of fuzzy control rules 

3.2.3 Fuzzy Inference Engine and De-fuzzification 

The fuzzy inference engine has two functions: one is matching, that is, to determine which rules the 

current input is related to, and which rule should be activated to run; the other is inference, that is, 

using the current input and the information of the activated rules in the rule base to deduce a 

conclusion.This paper adopts the M amdani direct inference method.After that, the fuzzy quantity 

output by the fuzzy inference is processed accurately, and a single value that can best represent the 

fuzzy set is obtained, that is, the inverse fuzzification process. Here, the center of gravity method is 

used to select the center of gravity of the area enclosed by the fuzzy set membership function curve 

of the inference conclusion and the abscissa axis as the representative point, and its mathematical 

expression is: 

 

u =
∫𝑥𝜇𝑁(𝑥)𝑑𝑥

∫𝜇𝑁 (𝑥)𝑑𝑥
(8) 

 

In the formula, ∫represents the algebraic integral of the membership values of all elements of the 

output fuzzy subset over the continuous universe. 

The simulation results are shown in the figure below. It can be seen that the accuracy of the fuzzy 

control is not high enough,the initial response stage is slow,and the response curve has a small 

fluctuation when it is close to the steady state,which is the result of the real-time correction calculation 

of the control variable u. 
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Figure 8. Fuzzy control step response curve 

3.3 Expert-Fuzzy Controller Integration 

Simulation results of the main steam temperature system in expert PID control and fuzzy control, it 

can be seen that the expert PID control has the advantages of high precision and fast response speed; 

fuzzy control does not require high model accuracy, and has better adaptive ability. Stronger. It is 

advisable to organically integrate expert control and fuzzy control, give full play to the advantages of 

the two control algorithms, and propose a new method to solve the temperature control of the main 

steam in the power station, which significantly improves the control quality. 

Expert-fuzzy controller design idea: Based on fuzzy control, expert rules are introduced to improve 

control accuracy and oscillation problems, and increase the initial stage rising speed after setting the 

set value. According to the main steam temperature system, fuzzy controller and expert system 

controller are designed at the same time, and time-sharing control is carried out by introducing a 

control mode selector switch . The internal logic of the control mode selector switch is as follows: 

① When |e(k)|>the threshold value T1, the system error is far from the set value, and the expert PID 

control is used to improve the response rate; 

② When overshootδ>threshold T1, the system has a large overshoot, and expert PID control should 

be used to improve the dynamic performance of the system; 

③ |e(k)|<threshold T2(T2<<T1), the system output changes in the direction of the stable value, and 

the expert PID control can be used to eliminate the steady-state error as soon as possible; 

④ T2≤|e(k)|≤T1, switch to fuzzy control. 

 

 

Figure 9. Expert-fuzzy control main steam temperature system structure diagram 
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4. Main Steam Temperature Control Simulation 

The closed-loop system in the leading area and the inertia area of the main steam temperature control 

of the supercritical 600MW once-through boiler under 50% load are taken as the generalized 

controlled objects (see formula (3) for the mathematical model), and the cascade PID control is 

adopted respectively. Algorithms, Fuzzy Control Algorithms and Expert-Fuzzy Control Algorithms 

Design controllers and simulate them using Matlab. The parameters of the cascade PID outer loop 

controller are taken as Kp1=0.9, Ki1=0.0045, Kd1=0; the initial parameters of expert PID control are 

taken as Kp2=0.9, Ki2=0.0045, Kd2=0; the value ranges of fuzzy control parameters are e = [-1,1], 

ec = [-1,1], u = [-1,0.5], quantization factor=1, scale factor=-1. The system Simulink structure 

diagram is as follows. 

 

 

Figure 10. Expert-fuzzy control system simulation diagram 

 

The control effects of the three control schemes are compared as follows: 

 

 

Figure 11. Comparison of step responses of three control strategies 
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Figure 12. Comparison of the adaptability of three control strategies 

 

Table 2. Performance comparison of three control schemes for the main steam temperature system 

of the power station 

Dynamic performance indicators Cascade PID Control fuzzy control Expert-Fuzzy Control 

Overshoot σ% 36.7% 17.7% 10.0% 

rise time tr 335.94 446.80 334.94 

Adjustment time ts 1641.3 1832.6 1333.6 

Peak time tp 477.58 631.57 428.28 

 

Figure 11 and Table 2 show that the overshoot of the main steam temperature system using expert-

fuzzy control is smaller, the adjustment time is greatly shortened, and the oscillation part is 

significantly suppressed. Compared with cascade PID control and single fuzzy control, the system 

dynamic performance There is a significant improvement, and the accuracy is higher. 

In order to compare the adaptability of the three control algorithms when the operating conditions 

change, a unit step signal is applied before the system runs, and the temperature is changed to half of 

the original value when the system runs to 4000s, as shown in Figure 12. It can be seen that when the 

temperature changes, the simulation curve of the fuzzy control algorithm based on the expert system 

still has the characteristics of short adjustment time, small overshoot, and smoother response process. 

The adaptive ability is better than cascade PID control and fuzzy control. Has better control effect. 

5. Conclusion 

Aiming at the problems of poor adaptability to operating conditions and low accuracy of fuzzy control 

when the main steam temperature system of the power station adopts cascade PID control,a 

superheated steam temperature control scheme based on expert-fuzzy control is proposed in this paper. 

An expert system and a fuzzy controller are designed to analyze and control the operation process of 

soda and water in the power station. The advantages of the two control algorithms are effectively 

combined, so that the scheme not only has the advantages of high control accuracy, fast response 

speed,but also has the ability of self-adaptation Good, strong robustness and other characteristics.The 

simulation results show that, compared with cascade PID control and fuzzy control,expert-fuzzy 

control can effectively improve the control performance of the main steam temperature system. 



International Core Journal of Engineering Volume 8 Issue 7, 2022 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202207_8(7).0073 

 

545 

References 

[1] Xue Zhiyan. Research on the application of intelligent control technology in construction machinery 

control [J]. Nanfang Agricultural Machinery, 2021, 52(18): 143-145. 

[2] Xin Bin, Chen Jie, Peng Zhihong. Intelligent Optimal Control: Overview and Prospects [J]. Journal of 

Automation, 2013, 39(11): 1831-1848. 

[3] Wei Yufei, Zhao Jiangui, Gao Anqi, Bai Yunfei, Gao Hairong, Li Zhiwei. Design of Fuzzy Expert Control 

System for Greenhouse Environmental Parameters [J]. Jiangsu Agricultural Science, 2021, 49(06): 183-

188. 

[4] Wang Haiyang. Design of main steam temperature control system for power station based on fuzzy 

predictive PID control [D]. North China Electric Power University (Beijing), 2019. 

[5] Liu Sisi. Application of multi-model prediction algorithm in control of large thermal power units [D]. 

North China Electric Power University (Beijing), 2017. 

 

 


