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Abstract: Gas turbine generators are normally used in 
isolated operation. Load fluctuations could cause these 
generators to become unstable. An effective control and 
design are required to maintain system stability. The PID 
controller has been designed using Ziegler-Nichols’ method 
(ZN) and Genetic Algorithm. The Fuzzy Logic controller is 
also designed and compared with conventional PID 
controller. It is shown that by fuzzy logic controller, optimal 
time domain performance of the system can be achieved. 
 
Key words:  Fuzzy Logic, Gas Turbine Plant, Genetic Algorithm, 
PID Controller  
 
1. Introduction. 
 Gas turbine generators are commonly 
connected to small networks or even in isolated 
operation such as oil fields in desert area, offshore 
installations and bio-gas plants. Such systems tend to 
become unstable after a severe disturbance. Therefore, 
there is a need for effective design and control to 
maintain stability, otherwise, may cause an inevitable 
plant shut down.  

The transfer function block diagram of heavy 
duty gas turbine plant was developed by Rowen [1]. He 
has developed, designed, calculated and verified the 
system gains, coefficients and time constant by test and 
actual field experience accumulated from numerous 
installations in many different applications. His transfer 
function has been used in many works such as, the 
dynamic analysis of combined cycle plants [2], twin 
shaft gas turbine model [3], combustion turbine model 
[4] and even in micro turbine power generation [5]. 

The Rowen model has three controllers for 
speed, temperature and acceleration. The speed 
controller is found to be an essential controller for 
effective operation of gas turbine plant [6]. The speed 
control is done by the governor. It may be either droop 
or isochronous. The droop governor is found to be the 
appropriate governor for gas turbine plants [7]. The 
droop setting value is optimized [8]. 

Even after applying the optimized droop 
governor, the speed does not settle in the reference 
value so there is a need for an effective secondary 

controller to make the steady state error zero. This 
paper discusses and illustrates the tuning of PID 
controller using Ziegler – Nichols’ method and Genetic 
Algorithm for zero steady state error. It also shows that 
fuzzy logic controller replacing conventional PID 
controller yields optimum response.  

 
1. Mathematical Model for Heavy Duty Gas 

Turbine Plant 
 The Simplified block diagram for single shaft 
gas turbine together with its control and fuel system is 
shown in Fig. 1. The speed governor is the primary 
means of gas turbine control. The droop governor 
operates on the speed error. The droop governor is a 
straight proportional controller in which output is 
proportional to speed error.  

The gas turbine gets difference from steam 
turbine by the need for a significant fraction of rated 
fuel to support self sustaining no load conditions. This 
amount is approximately 23%. The fuel system consists 
of two time constants  in which one is associated with 
the gas valve positioning system. 
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The second is the volumetric time constant associated 
with the downstream piping and fuel gas distribution 
manifold. 
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The torque characteristics of gas turbine are essentially 
linear with respect to fuel flow and turbine speed. 

1 1.3( 0.23) 0.5(1 )ff W N= − + −              (3) 
The rotor time constant is defined as the time necessary 
for the rotor to double its speed if the initial rate of 
speed change is maintained after removal of rated load 
torque. The rotor speed is compared with the reference 
speed and the error is given to the speed governor. 
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Fig 1. The Simplified transfer function block diagram of single shaft gas turbine plant 

 
3. PID Controller 
 PID Controller is widely used because of its 
versatility, high reliability and ease of operation [9]. 
The standard form of the controller is given by  
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The Controller u(t) is the summation of three dynamic 
functions of the error e(t) from a specified reference 
output.  The proportional control has the effect of 
increasing the loop gain to make the system less 
sensitive to load disturbance. The integral control is 
principally used to eliminate steady state errors. The 
derivative control helps to improve closed loop 
stability. To meet the prescribed performance criteria, 
the parameters of PID controller have to be chosen 
properly. In this paper Ziegler-Nichols’ method (ZN) 
and Genetic Algorithm have been used for the PID 
tuning. 
 
3.1. Optimization of PID Gain by ZN Method 

The standard method for setting the PID parameters 
was proposed by Ziegler and Nichols [10]. This 
technique was developed empirically through the 
simulation of a large number of process systems to 
provide a simple rule.  In this method the process is 
kept under closed loop Proportional (P) control, the 
gain of the P controller at which the loop oscillates 
with constant amplitude has been defined as the 
ultimate gain (Kcu). Ultimate period (Tu) is the period 
of these sustained oscillations. The higher the ultimate 
gain, the easier it is to control the process loop. The 
ultimate gain is the gain at which the loop is at the 
threshold of instability. These parameters are used in 
tuning the controller for a specified response.  
 
3.2. Optimization of PID Gain by Genetic Algorithm 
 The base of Genetic Algorithm (GA) is rooted 
in natural evolutionary and biological process that 
ensures the “Survival of the Fittest”. That is, the 
species, which can adopt external environment more 
efficiently, will survive. In the GA [11] just like natural 
genetics a chromosome (a string) will contain some 
genes (some binary bits). These binary bits are suitably 

decoded to represent the character of the string.  
 A population size is chosen consisting of 
several parent strings. The strings are then subjected to 
the evaluation of performance index J, which is the 
fitness function in the study. The string with less value 
of J will only survive for the next generation. The 
string with more J will die. This process is called as 
selection and copying.  
 The former strings now produce new off 
springs by crossover and some offspring undergo 
mutation operation depending upon mutation 
probability to avoid premature convergence to sub 
optimal condition. In this way, a new population 
different from the old one is formed in each generic 
iteration cycle. The whole process is repeated for 
several iteration cycles till optimal or near optimal 
population is reached in which J of an off spring is the 
minimum. Then, that string is the required optimal 
solution. 
 
4. Fuzzy Controller 
 The concept of fuzzy set theory was introduced by 
Zadeh in 1965 [12] and it was first introduced in 1979 
for solving power system problems. The fuzzy 
controller involves four essential steps as i) 
Fuzzification of input and output variables. ii) 
Formation  of fuzzy rule base. iii) Fuzzy inferencing. 
iv) Defuzzification to obtain the crisp output as shown 
in Fig. 2. 
 

 
Fig. 2. Block diagram of fuzzy logic control 

 
 The inputs to the fuzzy controller are error(e) 
and change in error(∆e). To convert the measured input 
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variables into suitable linguistic variables, using the 
seven fuzzy subsets NB (Negative Big), NM (Negative 
Medium), NS (Negative Small), Z (Zero), PS (Positive 
Small), PM (Positive Medium) and PB (Positive Big). 
The Membership functions of these subsets are 
triangular and symmetrical as shown in Fig. 3.  
 

NB PBZ PS PMNSNM

 
Fig. 3. Membership function 

 
 Based on the past experience of manual tuning 
of a controller, the rule table is formed. Both the inputs 
of the fuzzy controller have seven subsets. Thus the 
Fuzzy rule Table shown in Table 1 is constructed with 
49 rules. These rules are used to relate the input signal 
to the output (control) signal. These decision rules, 
which are summarized by a Fuzzy relation matrix using 
membership functions, form the basis of the Fuzzy 
Logic operation performed by the Fuzzy Controller.  
 

TABLE I. FUZZY RULES 
 Error (e) 

NB NM NS Z PS PM PB

C
ha

ng
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rr
or

 (∆
e)

 NB NB NB NB NM NM NS Z
NM NB NB NB NM NS Z PS
NS NB NM NS NS Z PS PM 
Z NM NM NS Z PS PM PM 
PS NM NS Z PS PS PM PB 
PM NS Z PS PM PM PB PB 
PB Z PS PM PM PB PB PB 

 
For example rule 1 in Table 1 is: 

IF e is NB and ∆e is NB THEN U is NB 
Once the membership values for the controller output 
have been computed, the centre of gravity method is 
employed for determining the controller output signal 
from these membership values. 
 
5. Simulation Results 
 The transfer function model of the gas turbine 
explained in chapter 2 is simulated using 
MATLAB/Simulink [13] for unit step load disturbance. 
The response is shown in Fig. 4. The response shows 
the occurrence of the steady state error.  
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Fig. 4. Response of gas turbine plant without 

secondary controller 
  
The optimal values of PID controller using ZN method 
and Genetic Algorithm is tabulated below 
 

TABLE II.PID VALUES 
Method P I D
ZN Method 3.33990 0.6310 0.1577
Genetic Algorithm 15.5478 0.2633 3.1270

  
 The gas turbine plant with the above 
mentioned PID controllers is simulated over a suitable 
time following an applied step in load at t=0 and the 
response is shown in Fig. 5. The response shows that 
both the controller removed the steady state error. PID 
using genetic shows the smooth and better response. 
 The Fuzzy Logic controller replaces the PID 
controller and simulation is done. The response is 
shown in Fig. 6. The response shows that Fuzzy Logic 
controller has the optimum response and the response 
is smooth and fast. They have less settling time, 
compared with the other controllers. 
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Fig. 5. Comparison of gas turbine plant response with 
PID controller, tuned using ZN method and genetic 

algorithm 
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Fig. 6. Comparison of gas turbine plant with genetic 

tuned PID controller and fuzzy controller 

6. Conclusion 
Though there are many recent advancement in 

the field control engineering, PID controller still has its 
importance in industrial use today. In this paper the 
PID controller has been designed using both ZN 
method and Genetic Algorithm. The Genetic Algorithm 
yields appreciable results. A Fuzzy Logic controller for 
gas turbine plant has been presented in this paper. This 
controller consists of two input and one output and the 
rules are designed appropriately. It is shown that using 
fuzzy controller, the optimum response of the system is 
achieved when compared to PID controller tuned using 
ZN method and Genetic Algorithm. 
 
Appendix 
 
f1 = Turbine torque 
Wf = Per unit fuel flow 
Kf = Fuel System gain constant = 1 

fτ  = Fuel system time constant = 0.4  
N = per unit turbine rotor speed  
s = Laplace operator 

1e  = Valve position 

dF  = Per unit fuel demand signal 
a,b,c = Fuel system transfer function coefficients 
a=1; b=0.05; c=1 
W,X,Y,Z = Governor transfer function coefficients 
W=Kd; X=0; Y=0.05; Z=1 
Kd = Droop gain = 2 to 10% 

1τ  = Rotor time constant = 12.2 
, ,P I Dk k k  = PID parameters 

t = time 
u(t) = control signal 
e(t) = error signal 
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