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Abstract: Modelling and control of Reheater system in a power plant has become complex due to the non-
linearity in the system. Hence realisation of reheater temperature becomes necessary and an attempt is made
to control the reheater temperature and varied controllers are adopted for its realisation. The reheater system
adopted here is a 210MW CFBC boiler and the simulation is done using MATLAB- SIMULINK environment.
Simple P, PI, PID controllers, cascade controllers like P-PID, PI-PID has been considered for the study.
Realisation of reheater steam temperature control using a fuzzy controller is also presented here. A comparison
is made between them and the performance parameters are studied. Simulation results obtained shows the
settling time of P-PID controller is less when compared to PID and PI-PID. The fuzzy controller yield accurate
output temperature and has lower settling time and with no overshoot.
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INTRODUCTION

Several authors suggest that the increase or decrease
in steam temperature in the super heaters and reheaters [1]
may cause damage to steam tubes and lead to the
reduction in the efficiency of the boiler system. Hence
control of super heater and reheater temperature plays a
crucial role in the study of power plants and its
accessories. In order to have the efficiency of the boiler at
the optimum level, reheater and super heater temperatures
are to be kept at optimum value. The steady state values
of the reheater are computed using mass and energy
balance. Cold reheat temperature, heat input, inlet
pressure and spray flow are the variables that affect the Fig. 1: Block diagram of reheater steam temperature
reheater outlet temperature. Change in temperature is control
modulated by the spray flow. Fine  water  droplets
sprayed is mixed with steam so that the temperature is Ziegler Nichols algorithm [4] is adopted for
modulated [2]. As suggested by the authors [3] low order evaluating the Kp, Ki and Kd values. Simple P, PI and PID
modelling of Reheater section is obtained using system controllers are used for Ziegler Nichols algorithm and their
identification technique and the transfer function of the performance is compared with that of P-PID, PI-PID and
system is obtained. fuzzy controllers. The optimum value of Kp, Ki and Kd are
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obtained. Modeling of superheaters and reheaters had
been described by several authors in different methods
[5]. A simple fuzzy controller is used to obtain the
optimum steam output.

Design and Evaluation of the Control Algorithm: The
open loop step response of the reheater has been
considered for evaluation and fixed parameter control
algorithm like Ziegler-Nichols algorithm is chosen and the
parameters like Kp, Ki and Kd are obtained using ‘a’, ‘l’
and gain ‘k’ of the open loop response.
Kp, Ki and Kd values for 100% load:

Table I: Parameter values for different controllers
P controller PI controller PID controller
------------------------ ----------------------- ------------------------

Parameter Designed Tuned Designed Tuned Designed Tuned
Kp 3.226 15.0137 3.226 3.4781 3.478 3.4781
Ki - - 0.009 0.1442 0.1442 0.1442
Kd - - - - 10 10

PID Controller: The outlet steam temperature of the
Reheater consists of three elements namely, proportional,
integral and derivative control and is given by

(1)

(2)

The low order transfer function model [6] is
considered for the study of reheater temperature control
and is obtained using system identification technique.
The outlet steam temperature of reheater2, Tsorh2 with
respect to heat input obtained is given below.

(3)

where the ‘a’ represents the output Tsorh2 and ‘1’
represents the Qgrh2.

The steady state values of reheater2 for 210Mw
CFBC boiler are given:

Outlet steam temperature = 535°C, inlet steam
temperature = 465°C, inlet pressure = 33.64 Kgf/cm , outlet2

pressure = 32.6 Kgf/cm , mass flow rate of steam = 103.122

Kg/sec, heat input = 3943 Kcal/Kg. The simulink model of
the reheater steam temperature control with respect to
heat input Qgrh2 is shown below for different controllers.

Fig. 2: Simulink diagram of reheater temperature control for a change in heat input, Qgrh2
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Cascade Controller: Cascade controllers considered for point changes and change in load disturbances are
the evaluation are P-PID and PI-PID controllers. In order considered. The PID controller acts the master controller
to evaluate the algorithms for the cascade controllers, set and P /PI controllers are considered to be slave controllers

[7].

Fig. 3: Cascade controller

Fuzzy Controller: Fuzzy controller considered here is The rule matrix chosen for error and error rate are
Mamdani type. Two input variables of the control matrix given in the Table II. Based on the rules, the outputs are
chosen are to be error and the rate of change  of  error. obtained. Defuzzication method adopted for obtaining the
Five fuzzy partitions are considered. The membership crisp value of reheater output temperature is Centroid
functions chosen for the input and output are three method.
triangular and two trapezoidal functions [8, 9]. 

Fig. 4: Membership function of error and error rate

Table II: Rule base Matrix of error and error rate to obtain reheater output

temperature

Error error rate NB NS Z PS PB

NB NB NB NB NB NS

NS NS NS NS NS Z

Z Z Z Z Z PS

PS PS PS PS PS PB

PB PB PB PB PB PB

Simulation Results: Based on the parameter values
obtained, the response of simple P, PI, PID, cascade
controllers like P-PID, PI-PID and Fuzzy controllers are
given below.

Fig. 3: Comparison of simulation results obtained for P, PI and PID controllers
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The peak overshoot f or the PID controller is more REFERENCES
when compared to all the other controllers. But the
settling time of the P-PID controller is faster than PID and 1. Wu, X., J. Shen, Y. Li and K. Y. Lee, 2015. Fuzzy
PI-PID controller. But for the P controller it is the best. modelling and predictive control of superheater
When the gain of the P controller is increased to achieve steam temperature for power plant, ISA transactions,
the desired response, the system the response becomes 56: 241-251. 
faster but it becomes oscillatory. In order to anticipate the 2. Wei Wang, Han-Xiong Li and Jingtao Zhang, 2002.
future error, a derivative controller is introduced which Intelligence based hybrid control for power plant
stabilizes the system. Compared to all the other boiler, IEEE transactions on Control Systems
controllers, the fuzzy controller works best and has faster Technology, 10(2): 280-287.
response. There is no overshoot in fuzzy controller. 3. Ali  Chaibakhsh,   Ghaffari  Ali,  A.  Moosavian  and

Table III: Performance parameters for P,PI,PID, P-PID,PI-PID, Fuzzy
controller configurations

Controllers
------------------------------------------------------------

Performance Parameters P PI PID P-PID PI-PID FUZZY
Rise time (sec) - 155 140 135 150 100
Peak overshoot (%) - 12 12.15 2.8 10.28 -
Settling time (sec) 110 175 210 205 220 130

CONCLUSION

Different controllers are used for the realisation of
reheater steam outlet temperature and comparison is made
between these controllers. The simulation results shows
that P-PID controller is faster than the PID, PI-PID
controllers and but the overshoot is more in the case of
PID and PI controller. The fuzzy controller shows the
better response when compared to all the other controllers
under study.
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