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The bed temperature and the main steam pressure of the circulating fluidized bed boiler 

have the characteristics of nonlinearity, time variation and multi variable coupling, 

conventional control method is difficult to achieve the desired control effect. Therefore, 

based on the above problems, this paper designs a coordinated control system based on 

particle swarm optimization PID algorithm to the control system of bed temperature and 

main steam pressure. The simulation results show that the bed temperature and the main 

steam pressure of the system meet the control requirements, and ensure the stability of the 

primary air volume, which can get good control effect. 
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1. Introduction  

Circulating fluidized bed boiler (CFBB) developed in recent years as a new 

generation of international combustion boiler, having a fuel adaptability, high 

combustion efficiency and low NOx emissions, the desulfurization rate, good 

load regulation performance characteristics. Thus received wide attention, It has 

been widely used in electricity, heating, steam production plant [1]. 

But according to the survey response, there are some shortcomings in CFBB 

combustion technology, mainly for insufficient output, continuous operation 

cycle is relatively short, and the loss of the combustion exhaust gas loss is 

relatively high, far less than the degree of automation investment. From the 

perspective of control engineering considerations, CFBB usually controlled by 

the amount of fuel, total air volume, the amount of primary air, the secondary air 

flow, combustion chamber negative pressure, bed temperature, material level, and 

several other organic circulating ash Contact control units[1]. From the overall 

consideration of its control settings, there are a lot of problems, and sometimes 
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cannot meet the basic requirements of the process. In particular, the combustion 

process is a multi-variable, nonlinear, strong coupling system, so simply using 

conventional control methods are difficult to achieve the desired control effect. 

Control object paper studies the main steam pressure and the bed temperature 

of CFBB combustion system, main steam pressure of CFBB is mainly through the 

amount of fuel control, the bed temperature mainly by the amount of fuel and 

primary air volume control, and therefore the main steam pressure and beds 

temperature is a very strong coupling effects, so the conventional control is 

difficult to achieve the desired control effect. At present, one of the most 

commonly used method is the main steam pressure control, according to the 

experience in accordance with the best wind coal ratio control, while adjusting the 

primary air volume to ensure that the bed temperature in the specified range. In 

order to ensure the safety of CFBB combustion, on the bed temperature control 

has a very strict requirements, the general control in the 850~950 DEG C, low not 

only will decreased thermal efficiency, and can make the boiler combustion 

instability, even boiler flameout; too high will reduce the furnace desulfurization 

efficiency, nitrogen oxide production increased greatly, also easy to cause the 

coking, destruction of the running state of CFBB, caused the accident [2]. 

Practice shows that the control method is less effective, it needs more human 

control, low automation, it is difficult to ensure that the bed temperature control to 

a reasonable range. 

In this paper, we try to design a new control scheme to realize the control of 

main steam pressure and bed temperature. In the choice of controller, the optimal 

control parameters are determined by the method of particle swarm optimization, 

which can solve the problems such as nonlinear, time varying and multi variable 

of control object. And on the basis of single loop control, the coordination control 

system of main steam pressure and bed temperature is established based on the 

field experience, which can effectively solve the coupling effect between the two. 

2. Fuel-Bed Temperature Control System  

The dynamic characteristics of the controlled object in the bed temperature can be 

expressed by the following transfer function [2]: 
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(1)   Through the identification of the field data, it is found that the K , 1T , 
2T ,  and   in the above are also changed with the different working 

conditions of the boiler. When the boiler load changes in 25%~100%, the 
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variation range of the above parameters is: K : 5~8; 1T , 2eT
: 

100~200s; :60~120s; :8~12.  

3. Primary Air - Bed Temperature Control System  

By The dynamic characteristics of the controlled object can be expressed as the 

following transfer function in the primary air flow disturbance [2]: 

f

ff

GT K
sTsT

s
G

)1)(1(

)1(

21 






                                                                                                                               

(2) When the boiler load changes in the range of 25%~100%, the variation range 

of the above parameters is: fK
 :0.5~1.5; 1fT

, 2fT
: 100~150s; 


: 2~5s. 

4. Fuel - Bed Pressure Control System 

Under the disturbance of fuel quantity, the dynamic characteristics of the main 

steam pressure controlled object can be expressed as follows [2]: 
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(3) When the boiler load changes in the range of 25%~100%, the variation range 

of the above parameters is: pK
:0.2~0.5; 1pT

, 2pT
:100~150s; 3pT

:50~100s. 

5. Bed Temperature Main Steam Pressure Coordinated 
Control 

According to the manual operation experience, generally in the CFBB in normal 

operation, the primary air volume remained unchanged, mainly through 

regulating the amount of fuel to control the main steam pressure. Change in fuel 

content will affect the bed temperature, when the bed temperature is too high or 

too low (above 950 degrees or below 850 degrees Celsius), you need to change 

the primary air to adjust the bed temperature to the appropriate temperature. 

According to the idea of coordinated control, the coordinated control system of 

main steam pressure and bed temperature is designed.   
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5.1 Coordinated Control System 

 
Fig.1 Bed temperature and main steam pressure control system 

 

As shown in Fig.1, control system mainly by the amount of fuel to control the 

main steam pressure, fuel flow and main steam pressure channel characteristics of 

the object changes due to the relatively large, ordinary PID controller can not 

adapt to the system of nonlinear and time-varying, so here with particle swarm 

algorithm of self tuning PID controller as the main steam pressure controller. 

When the load changes or the main steam pressure set value changes, the main 

steam pressure controller to maintain the balance of the system by adjusting the 

amount of fuel. Changing the amount of fuel will cause the bed temperature 

changes, in order to maintain the stability of the bed temperature system, where 

the primary air volume used as the control variable of the bed temperature. 

However, in order to ensure the stability of fluidized bed, it should be as far as 

possible to ensure the stability of the primary air volume. So comprehensive 

consider these two aspects, usually the bed temperature kept in a reasonable range 

(usually set 850 to 950 DEG C). When the bed temperature in this range, the 

controller does not need to be adjusted, when the temperature exceeds the range, 

the bed temperature is maintained in a reasonable range by adjusting the 

parameters. When the bed temperature is stable, the bed temperature controller 

will not continue to adjust, until the bed temperature exceeds the reasonable range. 

Because of the change of the characteristics of the object of the primary air and 

bed temperature control channel is relatively small, and it can not be adjusted 

frequently, so the conventional PID control can be used. 
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5.2 Simulation Analysis 

With the aid of MATLAB, the design of the coordinated control system is 

simulated. 

Using coordinated control to control the system, in the case of normal 

operation, the fuel-main steam pressure channel is controlled by the parameter 

selection of the object: 
pK

:0.219; 1pT
:140s; 2pT

:150s; 3pT
:80s; 1eT

:147s; 2eT
:148s; :80s; :11.6s. 

The fuel-bed temperature channel is controlled with the parameter selection of the 

object: eK :5.84; 1eT :147s; 2eT
:148s;  :80s;  :11.6s. The primary air-bed 

temperature channel controlled object parameters are: 
fK

:0.63; 1fT
:117s; 2fT

:125s;


:3.97s. According to the empirical formula, the 

parameters of the two PID controllers are respectively: 
1iT

=350~450; 1pK
=0.667~2; 2iT

=124.44; 2pK
=2.79. Bed temperature is set in 

the range of 850 ~ 950 ℃, in order to avoid the bed temperature setting range 

boundaries frequent oscillations cause the controller to turn on or off frequently, 

so the bed temperature controller coupled with some rules, such as the control of 

the controller as shown in Fig 2. When the temperature in the range of 850 ~ 

950 ℃, the controller does not adjust the bed temperature, when the temperature 

is out of range, less than 850 ℃, the bed temperature is set to 870 ℃; greater than 

950 ℃, the bed temperature is set to 930 ℃ . At the same time start the controller, 

the bed temperature is adjusted to the set value, when the bed temperature 

stabilized, turn off the controller, until once again exceed 850 ~ 950 ℃ start again. 

The bed temperature setpoint and range over the left margin of 20 ℃, avoid 

frequent start controller, reducing the primary air volume changes. 

Control effect as shown in fig3 and fig4: 
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Fig.2 Coordination control rules 
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Fig.3 Response curve of main steam pressure 
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Fig.4 Response curves of bed temperature 

 

The optimal parameters of the fuel-main steam pressure channel’s PID were 

determined by MATLAB: 1iT
=408.01; 1pK

=1.1014. 

From the two pictures can be seen, based on particle swarm self-tuning PID 

controller coordinated control system is ideal for the control of main steam 

pressure and bed temperature, the changes in working conditions will not control 

produced great influence, the change characteristics of the object also has very 

good adaptability. In order to meet the load requirements, the amount of fuel has 

been increased, the main steam pressure increases, around 1400s, the bed 

temperature due to increased amount of fuel exceeds 950℃, thereby triggering 

the primary air-bed temperature controller working to set the setpoint to 930℃. 

As can be seen from fig4, the bed temperature in the 1550s or so back to normal, 

the controller to close the work. 

6. Summary 

In this paper, the control system of bed temperature and main steam pressure is 

designed on the basis of field control experience, based on the single loop control, 

using the PID algorithm of particle swarm optimization. Coordinated control 

system can ensure the bed temperature is in a reasonable range, maintain a steady 

primary air volume, control main steam pressure by fuel. Only when the bed 

temperature exceeds the specified range, the primary air volume control is 

changed. The feasibility and effectiveness of the control system is verified by 

simulation experiments. 
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