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ABSTRACT

PID controller is the most widely used controller in industries. There are many important functions for PID controller. Feedback
is provided; offsets are eliminated by integrator; future anticipated through derivative action. PID control loops are employed in
more than 95% of the control loops. Generally, the PID controller parameters are calculated based on trial and error method. In
different disciplines of engineering, attempts have been made to propose many new methods for controlling process parameters.
Whenever PID control is chosen, iterative heuristic optimization algorithms (soft computing techniques) have been proposed to
optimally determine the PID parameters. In this work, the authors have successfully applied the classical tuning methods such as
Ziegler Nichols and CHR tuning methods to calculate the PID parameters. The step response method is employed to calculate the
‘a’ and ‘L’ which is used to determine the PID parameters. This is applied to calculate the PID controller parameters for a 500
MW steam generator in a thermal power plant.
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1. INTRODUCTION

The design of PID controllers by various methods certain remarks expressed by Astrom [30], the authors
and its features are demonstrated in [1-17]. The applica- have applied the classical tuning control algorithms due
tion of this PID controller in thermal plants is proved in to step response method of Ziegler-Nichols and Chein,
[18-28]. The Z-N step response method and CHR method Hrones, Reswick explained in [12-14] inorder to calcu-
is governed by two parameters ‘a’ and ‘L’. CHR method late the controller parameters for main streem pressure
is a modification of Z-N method and observed that tun- control of 500 MW steam generator.
ing formula for set point changes and load disturbances 2. System Description: A Steam generator (boiler) is
are different. CHR method also proposed and used an equipment which is used to produce heat which in
‘quickest response without overshoot and ‘quickest res- turn converts water to steam. The generated saturated
ponse with 20% over-shoot as performance criteria. As steam is sent to a turbine coupled to a generator to
a result of the motivation provided by certain studies produce electricity. The schematic diagram of a steam
conducted by Electric Power Research Institute [29] and generator is shown in Figure 1.
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Fig. 1: Schematic diagram of a steam generator
3. Boiler Demand Signal: In Thermal power plants, 4. Features of PID Controllers: PID controllers are
boiler demand signal as the input signal is to be regula- ~ employed for highly interactive and complex systems.
ted to control the steam pressure. The main steam (MS) ~ In thermal power plants, PID controllers are used to
pressure at the boiler outlet remains constant if the steam ~ control important control loops associated with boiler
production in circulation system is equal to the demand ~ and turbine. Some of the important process parameters
of steam at the outlet of the boiler. The boiler demand ~ to be controlled in a boiler are main steam pressure,

signal which regulates the combustion process is identi- main steam temperature, drum water level etc. Such
fied as the signal to be manipulated to control the main ~ Parameters are necessary to be maintained within their
steam pressure. The boiler demand signal is derived  limits. Hence finding the optimum parameters of the

based on any of three modes of the operation of the respective PID controllers is essential. In this research
steam power plant. The three modes are Boiler Follow-  Work, the tuning methods like Ziegler-Nichols method

ing Mode, Turbine Following Mode and Coordinated ~ @nd CHR tuning method are employed. Z-N method is
mode. well suited for set point changes while the CHR method

is suited for both set-point changes and load variations.
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Controller para-meters for Ziegler-Nichols and CHR
load disturbance response methods (0% overshoot and
20% overshoot) are shown in Table 1 & 2 respectively.
The PID para-meters are calculated based on the Table
1to Table 2.

Table 1: Z-N Tuning Method

CONTROLLER K Ti Td
P 1/a
PI 09/a 3L
PID 12/a 2L 0.5L

Table 2: CHR Method

OVERSHOOT 0% 20%
CONTROLLER K Ti Ta K Ti Td
P 0.3/a 0.7/a
Pl 0.6/a 4L 0.7/a 2.3L
PID 0.95/a 2.4L 0.42L[.2/a 2L 0.42L

5. Evaluation of PID Controlier Constants
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Fig. 2 Block diagram of the system

Figure 2 shows the general block diagram represent-
tation of the system under study. The important func-
tion in the entire system is the determination of the opti-
mum PID controller parameters. The boiler demand sig-
nal is the manipulated signal to the boiler to control the
main steam pressure. A step change in the manipulated
variable is given and the main steam pressure response
is obtained. The values of ‘a’ and ‘L’ are determined and
the PID parameters are calculated using Z-N method and
CHR method with 0% overshoot and 20% overshoot.
Figure 3 depicts the calculation of ‘a’ and ‘L’.
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Fig. 3: Calculation of ‘a’ and ‘L’

6. Generation of Step response

The mathematical model of a 500 MW coal fired
thermal power plant available in The Centre of Excell-
ence for simulators, BHEL, Hyderabad, India is used in
thesimulation. The validated non-linear model is studied
and all the control loops are operated in the auto mode.
Once the steady state is achieved, it is transferred to
manual mode. A step change in boiler demand signal is
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given and the open loop response of main steam pressure
is recorded. The main steam pressure variations with
respect to time is given in Fig. 4.
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Fig. 4: MS pressure variation due to step change in Boiler
Demand Signal

The values of ‘a’ and ‘L’ required for calculating the
PID controller constants are extracted from Fig. 4 (a =
0.1 ataand L=40 seconds).

7. Results and Discussion

Based on these values, the PID controller constants
were determined and the values due to different methods
are given in Table 3. From the open loop response of the
Main steam pressure of the 500 MW steam generator of
a thermal power plant, the PID parameters which are
based on the classical step response method were
calculated.
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Table 3. Calculated PID controller constants

uning method | Ziegler Nichols | CHR method with | CHR method with
PID values method 0% over shoot 20% over shoot
P 12 9.5 12
| 80 96 80
D 20 16.8 16.8

8. CONCLUSION

In this paper, the PID controller parameters are eva-
luated based on well established procedures and not
based on the trial and error method. Ziegler Nichols
method and CHR tuning method with 0% overshoot and
20% overshoot were employed in the determination of
the PID controller parameters from the open loop step
response of a 500 MW steam generator whose mathema-
tical model had been developed based on the detailed
first principle for coal fired power plants. The PID cont-
roller values were calculated based on the step response
of the boiler by subjecting it to a change in the boiler
demand signal.
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