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Abstract – Dynamic stability problems due to low 
frequency oscillations in power systems are a major 
concern for electrical engineers. These low frequency 
oscillations occur in the system because of the change in 
operating conditions due to the variation in load demand, 
generation level and line switching. Low-frequency 
oscillations are detrimental to the goals of maximum 
power transfer and optimal power system security. A 
contemporary solution to this problem is the addition of 
power system stabilizers (PSSs) to the automatic voltage 
regulators (AVRs) on the generators excitation system.  
The damping provided by this additional stabilizer 
provides the means to enhance the damping during low 
frequency oscillations. reduce the inhibiting effects of the 
oscillations. This paper presents a new technique 
utilizing fuzzy logic controller (FLC) power system 
stabilizer (PSS) for stability enhancement of a single 
machine real power system of Egypt. In order to 
accomplish the stability enhancement, speed deviation 
and acceleration of the rotor of synchronous generator 
were taken as the input to the fuzzy logic controller. 
These variables take significant effects on damping of 
the generator shaft mechanical oscillations. The 
stabilizing signals were computed using the fuzzy 
membership functions depending on these variables. The 
performance of the fuzzy PSS is compared with the 
conventional power system stabilizer (CPSS). The 
simulations were tested under different operating 
conditions. The simulation results are quite encouraging 
and satisfactory. 
Keywords: Power System Stabilizer, Stability, Single 
Machine System, Matlab/Simulink, Fuzzy Logic, Fuzzy 
Set Theory, Generator Dynamic Modeling. 
1. Introduction 
Low-frequency oscillations, related to the small-
signal stability of a power system, are detrimental 
to the goals of maximum power transfer and power 
system security.  
These low frequency oscillations occur in the 
system because of the change in operating 
conditions due to the variation in load demand, 
generation level and line switching.   Such small 
perturbations that are continually taking place will 
excite the system into a natural mode of oscillations 
of the order of 0.1 to 3.0 Hz [8,10,12]. If no 
damping is available, these oscillations may be 
sustained for minutes and grow to cause the system 
separation thereby affecting system security and 
also power transfer capability. 
Power system stabilizers (PSSs) provide a cost 
effective and satisfactory solution to the problem of 
dynamic instability. PSSs are supplementary 
controllers in generator excitation systems, which 
receive a feedback signal from shaft speed, system 
frequency or accelerating power, and inject 

stabilizing signal on the normal voltage error 
signal.   Conventional PSSs employed by the utility 
are mostly lead-lag stabilizers using the speed as 
the input. These are designed based on the linear 
control theory, and the parameters of the PSS are 
determined so as to provide optimal performance at 
this particular operating point.  
Conventional stabilizers for fixed structure and 
constant parameters are tuned for one operating 
point and can give optimal performance for that 
condition. General problems associated with the 
use of PSS, are: 

i) As the characteristics of the power system 
elements are non-linear, conventional 
stabilizers are not capable of providing 
optimal performance for all operating 
conditions. 

ii) The tuning of the PSS for a wide range of 
operating conditions. 

iii) The performance of the PSS under fault 
conditions. 

 Developments in digital technology have made it 
feasible to develop and implement improved 
controllers based on modern, more sophisticated 
techniques.  Fuzzy logic-based PSS shows great 
potential in [1-7, 13-16]: 

i. Increasing the damping of generator 
oscillations.  

ii. Adjusting PSS parameters according to 
the plant environment (self tuning). 

iii. Providing good damping over a wide 
range of operating condition. 

iv. Eliminating the need for an explicit 
mathematical model of the system 
dynamics. 

v.             Overcome systems ambiguities and 
parameters variations by modeling the 
control objectives in terms of a human 
operator’s response to various system 
scenarios. 

The fuzzy PSS relates significant and observable 
variables such as generator speed and its rate of 
variation, to an auxiliary control signal for the 
exciter using fuzzy membership functions (MF’s). 
Designing PSS’s based on fuzzy logic control has 
been an active research area and satisfactory results 
have been achieved. 
2. System Description 
Figure 1 show the one-machine connected to an 
infinite bus-bar for load frequency oscillation 
studies without PSS.   A power system consist of a 
synchronous generator (SG), an armature current i, 



a terminal voltage Vt, an infinite-bus voltage Vo, a 
series transmission impedance Z, and a shunt load 
admittance Y [8]. 
A single machine infinite bus (SMIB) system with 
synchronous generator provided with IEEE type-
ST1 static excitation system is considered [8]. A 
Linear model of power system is shown in Figure 
2. There are two major loops in this figure, the 
mechanical loop on top and the electrical loop at 
the bottom. The mechanical loop equations are 
linearized. The linearized equations are used 
because we are dealing with periodic small 
oscillations. The incremental torque (ΔTm-ΔTe) is 
considered as the input and the torque angle  as 
the output. 
The mechanical loop has two transfer function 
blocks from left to right. The first block is based on 
the equation of torque equilibrium, and the second 
block shows the relation of the angle and speed for 
the units chosen. In these blocks, M is the inertia 
constant, D the mechanical damping coefficient. 
The electrical loop in figure 2 has a supplementary 
control upss minus the incremental terminal voltage 
ΔVt as the input and the incremental internal 
voltage '

qE as the output, which is multiplied by 

K2 to become part of the electric torque ΔTe of the 
system. It has two transfer function blocks from 
right to left. The first block represents an exciter 
and voltage regulator system of the fast-response 
type with a time constant TA and an overall gain KA. 
This block should be expanded when the system 
has rotating exciter and voltage regulator. The 
second block represents the transfer function of the 
field circuit as affected by the armature reaction, 
with an effective time constant Tdo

' and a gain K3. 
Finally, ΔVt consists of two components, K5Δδ due 
to the torque angle variation  and 6K due to the 

internal voltage variation '
qE . Here ΔVt means 

(Vref –Vt) and a negative sign is given to ΔVt 
because of the negative feedback. System constants 
K1 to K6 and initial conditions are derived in 
reference 8                                                                                    

 

 

 

 

 

 

 Figure 1: A one-machine infinite-bus power 
system 
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      Figure 2: Block diagram of system model.                     
3.  System Dynamic Model 
The state space equation of the one-machine 
connected to an infinite-bus bar through a 
transmission line shown in Figure 2 is given by: 

pssBuAXX 


                                               (1) 

Here, the state vector X, A and B constant matrices 
are given as 
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and   TAA TKB 000  

Where (.) T means the vector transpose of (.).  
4. Synchronous Machine oscillation 
Synchronous machine oscillations often exhibit 
themselves as falling into one of four categories: 

i. Local oscillations mode (frequencies are 
typically in the range of 1.0 to 2.0 Hz)  

ii. inter-area oscillations (frequencies are 
typically in the range 0.1 to 0.7 Hz) 

iii. inter-unit oscillations (frequencies are 
typically in the range 1.5 to 3 Hz) 

iv. Torsional oscillations (frequencies are15 
Hz for 2 poles and 8 Hz for 4 poles) 

While change of rotor angle in a single machine is 
of concern, a possibly more important concern is 
the behavior of all the machines close connected to 
a system. It is desirable to have all the rotor angles 
moving the same relative direction over time 
during a system transient.The focus is on the 
difference in rotor angle between machines. 
5. Conventional Power System Stabilizer (CPSS) 
 This section presents a conventional power 
system stabilizer (CPSS) structure, control, 
modeling, design and parameter tuning [8-10,12]. 

         5.1 PSS Objective: 
The PSS is designed to introduce an electrical 
torque in phase with the rotor speed variations 
(damping torque). This is achieved by a 



supplementary stabilizing signal upsss applied to the 
automatic voltage regulator (AVR) of the 
generator as shown in Figure 3. This Figure also 
exemplifies the PSS basic structure to promote 
phase compensation to the phase lag introduced by 
generator, excitation system and transmission 
system. 
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 Figure 3:  PSS Basic Structure and Supplementary         
Signal 

5.2 PSS Input Signals 
Various input signals can be used for PSS design. 
The common used signals are:  
a) Speed deviation Δω 
b) Frequency deviation Δf 
c) Electric power deviation ΔPe 
d) Accelerating power aP  

        5.3 CPSS Structure 
As shown in the Figure 3, basically, this controller 
is composed of a static gain Kpss which is adjusted 
to obtain the desired damping for unstable or 
poorly damped modes; a washout block is defined 
by the time constant Tw (in the range of 1 to 20 
seconds), it works as a filter for low-frequencies 
(0.8 to 2.0 Hz); the time constants T1 and T2 define 
lead-lag of the input signal. Various structures of 
PSS can be implemented.  

6. Desired Damping to Attenuate low frequency 
Oscillations 

The linearized torque equation, dealing with small 
oscillations, takes the following form: 

Dem TTTM                            (2)           
To derive an extra damping ΔTe through 
supplementary excitation, ΔTe must be in phase 
with   according to equation 2 and Figure 4.  
Similarly, an extra damping through the governor 
control must be in phase with Δω. Let the extra 
electric damping ΔTe and the extra mechanical 
damping mT  are given by: 

  EeMm DTDT ,             (3)                  
From Eqns. 2 and 3 the characteristic equation of 
mechanical torque take the following form 
Ms2 + (DM + DE + D)s + ωbK1 = 0        (4) 
The  roots of equation 4 are given by: 

   n
2
nn 1js   

Where:
 M/K1bn  , and 

       n = (DM + DE + D)/ (2bM) 
and n is the un-damped mechanical mode 

oscillating frequency in radians per second for n = 

0, and n is the damping coefficient in per unit. 
The characteristics equation of equation 4 gives a 
clear idea of the magnitude and degree of damping. 
 
 
 
 
 
 
 
 
 
 
 Figure 4: Torque phasors on the  phase 

plane. 
6.1 Supplementary Excitation Control Design 
The PSS may be designed from 

i) The un-damped natural mechanical mode 
frequency jωn, or from  

ii) The complex frequency σ + jω of the 
mechanical mode obtained from system 
eigenvalue analysis. 

6.1.1 The jn, design first 
Let   be the control input. A general design 
procedure may be outlined as follows. 
a) Find n from the Mechanical Loop  
Neglecting all damping, the characteristic equation 
of the mechanical loop may be written as: 
Ms2 + ωbK1, and the solution are:    

      M/K,js 1bnn      

b) Find the phase Lag EG between pssu  and 
'
qE  of the Electrical Loop 

The transfer function between pssu and ΔEq
'
 of 

Figure 2, including the feedback effect of 6K is 
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at s = jωn the phase lag is 
njsEE GG     

c)  Design a Phase Lead Compensation CG  

for the Phase Lag EG  
When   is chosen as the supplementary 
excitation input, we shall have 
 GC + GE = 0, GE < 0 
The phase lead compensation may be realized by 
operational   amplifiers  and  the  simplest  transfer  
function may be chosen in the following form: 
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There is a phase angle limit that a compensation 
block can provide, and T2 cannot be too small. If T2 
chosen as 0.2s and T1as 10-T2 the phase lead 
provided by each compensation block is about 34 
for S=j2π rad/s corresponding to 1 Hz. 
d) Design a Gain KC for the Supplementary 

Excitation 
For this excitation control design, DM and D of 
Eqn. 4 are neglected. A reasonable choice for the 
damping coefficient n of the normalized 
characteristic Eqn. 4 is about 0.1 to 0.3 per unit. 
The damping coefficient DE is given by: 

MnE 2D                                                      (7)         
From Figure 2 and including the supplementary 
excitation, we also have 

 jsEjsCCE GGKKD


 2                          (8)           

Therefore, from Eqns. 6 and 7 we get: 
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6.2.1 Complex Frequency Design of 
Supplementary Excitation 
Since the electrical loop of Figure 2 interacts with 
the mechanical loop, the supplementary excitation 
should probably be designed from the mechanical 
mode complex frequency based on eigenvalue 
analysis of the entire system, not just from jn of 
the mechanical loop alone. A procedure for 
complex frequency supplementary excitation 
design may be outlined as follows [8]. 
a) Find the Mechanical Mode Complex    

Frequency  j .  
It can be found from an eigenvalue analysis of the 
entire system without pssu . 

b) Find the Phase Lag of   jGE   

Let the phase lag be,   0,jG E                                
c) Design a Phase Lead Compensation for 

  jGE   
From Eqn. 6 at k = 1, we get the following relation 
of phase angle [8]: 

 )sT1()sT1( 21                         (10)          

Let     22
1 1/tan TT         (11) 

From Eqns. 10 and 11, we get 
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d) Design an Adequate Damping Magnitude for 
the Mechanical.  
Eqn. 7 is still valid but Eqns. 8 and 9 must be 
modified as follows: 
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For the supplementary excitation design, an 
adequate n  must be chosen. As stated earlier, 
only when the characteristic equation is in the 
normalized form can we have a clear idea of the 
magnitude and degree of damping. 
7. State Space equation of generator with 

CPSS 
The state space equations of generator shown in 
Figure 2 occupied with CPSS shown in Figure 7 
may be written as : 

XCApssBuAXX 


                              (15)    

where B  is the control matrix, upss the 
supplementary excitation, and Ac the controlled 
system matrix. The new state variable vector 
becomes 

  TpssuxfdEqEX ,5,,',,               (16)    

and the controlled system matrix becomes
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Figure 7:  A supplementary excitation control 
                              
8. Fuzzy logic Basic Power system Stabilizer 
In the design of fuzzy-logic controllers, unlike most 
conventional methods, a mathematic model is not 
required to describe the system under study. It is 
based on the implementation of fuzzy logic 
technique to PSS to improve system damping.    
Figure 8 shows the single machine connected to an 
infinite bus network through short transmission line 
occupied with PSS Fuzzy controller. The 
stabilizing signal output from PSS fuzzy controller 
is introduced in the excitation system.  
8.1 Fuzzy logic process 
In contrast to a conventional PSS, which is 
designed in the frequency domain, a fuzzy logic 
PSS is being designed in the time domain. A fuzzy 
logic controller determines the operating condition 
from the measured values and selects the 
appropriate control actions using the rule base 
created from the expert knowledge.  
Depending on the system state, the controller 
operates in the range between no control action and 
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 1 + sT2 

 

      sT 
 
   1 + sT 
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full control action in a non-linear manner. The 
fuzzy controller in itself has no dynamic 
component, i.e. it can immediately perform the 
desired control action.   
8.2 System Modeling 
The schematic diagram of the complete system 
with the incorporation of the proposed power 
system stabilizer is shown in Figure 8. The optimal 
values of the PSS output for each operating point 
characterized by the input variables, angular 

velocity )(  and angular acceleration 


 )(  
Figure 9 shows the block diagram of fuzzy logic 
controller, it generally comprises four principle 
components: Fuzzification interface, knowledge 
base, decision making logic and defuzzification 
interface. If the output from the defuzzifier is not a 
control action for a process, then the system is a 
fuzzy logic decision system. The fuzzy controller 
itself is normally a two input and a single-output 
component. 

 
Figure 8: System with Fuzzy PSS 

  
 
 
 
 
 

 
 
 
 
 

Figure 9: Principle Design of Fuzzy Logic 

The first step in designing a fuzzy controller is to 
decide which state variables represent of system 
dynamic performance must be taken as the input 
signal to the controller. However, choosing the 
proper linguistic variables formulating the fuzzy 
control rules are very important factors in the 
performance of the fuzzy control system. System 
variables, which are usually used as the fuzzy 
controller inputs includes states error, state error 
derivative, state error integral or etc. In power 
system, based on previous experience. Generator 

speed deviation )(  and acceleration 


 )( are 
chosen to be the input signals of fuzzy PSS . 
As it was mentioned earlier, if the synchronous 
generator automatic voltage regulator is utilized in 
a proper way it is capable of damping 
electromechanically oscillations of the generator 
shaft. The input to the excitation system would be 
The Control variable which is actually the output of 
fuzzy PSS. In practice, only shaft speed deviation is 
ready available. Hence, the acceleration signal can 
be derived from speed signals measured at two 
sampling instant by the following expression. 

sT
sTKsKT

sKT
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
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  

where sT  is the sampling time. After choosing 
proper variables as input and output of fuzzy 
controller, it is required to decide on the linguistic 
variables. These variables transform the numerical 
values of the input of the fuzzy controller to fuzzy 
quantities. The number of these linguistic variables 
specifies the quality of the control which can be 
achieved using the fuzzy controller.  
As the number of the linguistic variables increases, 
the computational time and required memory 
increase. Therefore, a compromise between the 
quality of control and computational time is needed 
to choose the number of linguistic variables. For 
the power system under study, five linguistic 
variables for each of the input and output variables 
are used to describe them, as in the following table  

Table 1: The Linguistic Variables Used 
LN Large Negative 
MN Medium Negative 

Z Zero 
MP Medium Positive 
LP Large Positive 

The two inputs; speed deviation and acceleration, 
result in 25 rules for each machine. Decision in 
table 2 shows the result of 25 rules, where a 
positive control signal is for the deceleration 
control and a negative signal is for acceleration 
control. The example of first rule is; rule 1: “if 
speed deviation is LP (large positive) AND 
acceleration is LN (large negative) THEN PSS 
output of fuzzy is Z (zero)”.The stabilizer output is 
obtained by applying a particular rule expressed in 
the form of membership function. 
There are seven fuzzy levels (LN – large negative, 
MN - medium negative, SN - small negative, Z- 
zero, SP - small positive, MP - medium positive, 
LP - large positive). The membership functions for 
input and output variable are triangular. The min – 
max method inference engine is used; the 
defuzzification method used in this FLC is center 
of area. The complete set of control rules is shown 
in table 3. 
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Table 2: 25 Rules Decision table for PSS 
Accel.  

Speed  dev.  

LN MN Z MP LP 

LP Z Z MP MP LP 
MP MN Z Z MP MP 
Z MN Z Z Z MP 
MN MN MN Z Z MP 
LN LN MN MN Z Z 

Table 3: 49 Rules Decision table for PSS 
ee  LN MN SN Z SP MP LP 

LN LP LP LP MP MP SP Z 
MN LP MP MP MP SP Z SN 
SN LP MP SP SP Z SN MN 
Z MP MP SP Z SN MN MN 

SP MP SP Z SN SN MN LN 
MP SP Z SN MN MN MN LN 
LP Z SN MN MN LN LN LN 

Each of the 49 control rules represents the desired 
controller response to a particular situation. The 
block diagram presented in figure 8 shows a FLC 
controller in the Matlab simulation (FIS editor) and 
in figure 9 the simulation of the surface control is 
presented [11,12]. 
There are different methods for finding the output 
in which Minimum-Maximum and Maximum 
Product Method are among the most important 
ones. Here the Minimum- Maximum method is 
used. Finally, the output membership function of 
the rule is calculated. This procedure is carried out 
or all of the rules and every rule an output 
membership function is obtained. 
In addition, design of fuzzy logic controller can 
provide desirable both small signal and large signal 
dynamic performance at same time, which is not 
possible with linear control technique. Therefore, 
fuzzy logic controller has been potential ability to 
improve the robustness of the synchronous 
generator. 
8. Case Study 
8.1 System Description and Problem Handling 
In order to substantiate the validity of the 
introduced method in enhancing the damping 
during low frequency oscillations of a single 
machine power system and to clarify the 
encouraging obtained results, a real case study, 
Egypt network, "Marsa Matrouh Power station" 
was considered. The application has covered the 
following three scenarios: 

a) Marsa Matrouh at normal case (closed 
Sallum T.L.).    

b) Marsa Matrouh with open Sallum T.L.  
c) Marsa Matrouh with open Sallum T.L and 

Omit T.L.  
The three scenarios application introduces the 
results considering the following three cases: 
a) System under low frequency oscillations 

without   controller.   
b) System under low frequency oscillations 

with CPSS. 

c) System under low frequency oscillations 
with FLC. 

Marsa Matrouh power station is connected with the 
Egyptian Network and is interconnected to Libya 
network through Sallum and Omit T.L.s.  Figure 10 
shows Marsa Matrouh power station single line 
diagram as a part of the network and the equivalent 
network is given in figure 11 [17]. All data of the 
original network are given in the same figure and 
the system data of equivalent network are given in 
appendix A.   
The damping provided by this additional stabilizer 
provides the means to enhance the damping during 
low frequency oscillations. reduce the inhibiting 
effects of the oscillations. This paper presents a 
new technique utilizing  fuzzy logic controller 
(FLC) power system stabilizer (PSS) for stability 
enhancement of a single machine power system. In 
order to accomplish the stability enhancement, 
speed deviation and acceleration of the rotor of 
synchronous generator were taken as the input to 
the fuzzy logic controller. These variables take 
significant effects on damping of the generator 
shaft mechanical oscillations. The stabilizing 
signals were computed using the fuzzy membership 
functions depending on these variables.  

 
Figure 10: Marsa Matrouh power station single line 
diagram as a part of the Egyptian network 

 
Figure 11: Equivalent network of Marsa Matrouh 

power station. 
The performance of the fuzzy PSS is compared 
with the conventional power system stabilizer 



(CPSS). The simulations were tested under 
different operating conditions. The simulation 
results are quite encouraging and satisfactory. 
In introducing the results of the three scenarios 
mentioned above the components parameters, the 
initial condition and PSS constants have been given 
only for the first scenario just for briefness. For the 
other scenarios, these parameters, conditions and 
constants were calculated utilizing the same 
procedure.   
8.2 Results 
A disturbance of 0.02 of speed (ω) was made, and 
the following response as shown the results of the 
machine shaft oscillations for the above three 
scenarios are given below. 
Scenario a: Marsa Matrouh at normal case in 
existence of Libya interconnection (closed 
Sallum T.L.)  
Figures 12, 13, and 14 show the machine shaft 
speed ω and angle δ oscillations without PSS, with 
lead PSS and with Fuzzy PSS for the this scenario. 
The following are the components parameters, the 
initial condition and PSS constants 
Scenario b: Marsa Matrouh with open Sallum 
T.L.  
Figures 15, 16 and 17 show the machine shaft 
speed ω and angle δ oscillations without PSS, with 
lead PSS and with Fuzzy PSS, respectively. 
Scenario c: Marsa Matrouh with open Sallum 
T.L. and Omit T.L. 
Figures 18, 19 and 20 show the machine shaft 
speed ω and angle δ oscillations without PSS, with 
lead PSS and with Fuzzy PSS for the three 
scenarios, respectively. 

 
Figure 12: Scenario a, Case i: Machine ω and δ 

oscillations without PSS 
 

 
Figure 13: Scenario a, Case ii: Machine ω and δ 

oscillations with lead PSS 

 

 
Figure 14: Scenario a, Case iii: Machine ω and δ 

oscillations with Fuzzy PSS. 
 
 

 
Figure 15: Scenario b, Case i: Machine ω and δ 

oscillations without PSS 
 

 
Figure 16: Scenario b , Case ii: Machine ω and δ 

oscillations with lead PSS 
 

Figure 17: Scenario b, Case iii: Machine ω and δ 
oscillations with Fuzzy PSS 
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Figure 18: Scenario c, Case i: Machine ω and δ 

oscillations without PSS. 
 
 
 

 
Figure 19: Scenario c, Case ii: Machine ω and δ 

oscillations with lead PSS. 
 

 
Figure 20: Scenario c, Case iii: Machine 

ω and δ oscillations with Fuzzy PSS 
10. Conclusions 
In this study the fuzzy logic power system 
stabilizer is designed for Single Machine and 
Power System. Speed deviation and acceleration of 
synchronous generator were taken as the input 
signals to the fuzzy logic controller. The 
performance of the power system with fuzzy logic 
power system stabilizer is better one since it is 
effective for all test conditions.  
It was also shown in the simulation results that the 
fuzzy logic power system stabilizer can decrease 
both maximum overshoot and settling time the slip. 
The control signal, required, in all cases is with less 
magnitude 
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 Appendix A: 
Component Parameters  
All data are given in per unit of value, except that M and time 
constants are in seconds. 
Generator Parameters: 
M=8.2, Tdo

' = 4.91, D = 0, xd = 0.5975, xd
' = 5.875, xq = 5.625 

Excitation parameters:  
KA = 200, TA = 0.05 
 Line and load parameters: 
R = 0.0047, X = 0.0738, G = 0.25, B = 0.15 
Initial state: Peo = 0.67, Qeo = 0.21, Vto = 0.9   
PSS Constants 
PSS Based FUZZY Constants:  
 ଷଷ=0.8925ܭ     ଶଶ=4.1376ܭ       ଵଵ=3.4805ܭ
PSS Based Lead Compensator:  
system phase=-1.3051  
߱௡=6.6874  ଵܶ=0.7418   ଶܶ    0.3000=ߠ   0.0100= 
Kc=0.9887    PSS phase=1.3051 
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