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Abstract—The purpose of this paper is to provide a more 

comprehensive analysis of the effect of automatic voltage 

regulator (AVR) and speed governor (GOV) on stability limits 

of power system. The AVR and GOV are very effective 

controllers in enhancing the damping of oscillations. Stability 

problems are arising from large-scale interconnected power 

system. Dynamic equivalent model using the coherency are 

formulated and used to identify coherent machines which 

swing together after a disturbance. A concept of coherency in 

dynamics of generators within the interconnected power 

system is applied to build an equivalent power system model. 

In this paper is used simplified model to represents specific 

characteristics of power system. The Iraqi National Electricity 

Grid System is used as a multi-regional interconnected power 

system model, the Iraq Grid is a power system model with 38 

generators station, 94 buses and 158 branches. the tuning 

parameters of controllers (AVR & GOV) using genetic-based 

neuro-fuzzy approach can provide better damping than fixed-

parameter controllers over a wide range of operating 

conditions. 

Keywords— Power System, Stability, AVR, Speed Governor, 
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I. INTRODUCTION  

The effect of the AVR controller of generator is greater 
than the effect of GOV in the case of fault due to the speed 
of its response, although the change of AVR controller also 
affects the generator speed [1]. The size and complexity of 
present day electric power networks are such that all the 
stability problems arising in those systems very difficult to 
solve both from the computational and conception 
viewpoints [2]. For this reason, it has been recognized that if 
one is interested only in the stability analysis of a small 
portion of the system, it is very important to develop a 
dynamic equivalent for part of the system without altering 
the dynamic behavior of the study system [3]. There are three 
major approaches in dynamic equivalent; one of them is the 
coherency approach. The aim of this investigation is to 
derive a dynamic equivalent model using the coherency 
approach, where a coherency criterion was formulated and 
used to identify coherent machines which swing together 
after a disturbance. The parameters of the equivalent 
machine were then estimated by the method developed in 
this work which proved to be simple and effective [4]. 

II. SYNCHRONOUS MACHINE MODEL 

In transient stability studies particularly those involving 
short periods of analysis in order of second a synchronous 
machine can be represented by a voltage behind transient 
reactance [5]. 

E'q = Vt + Ra It + J X'q  It                                 (1) 

     The mechanical motion of the synchronous machine may 

be described by two single order differential equations, 

neglecting rotational losses, these equations are: 

dω/dt  = π fo/H . ( Pm – Pe -Dω)                           (2) 

dδ/dt  = ω - π fo                                                    (3) 

III. AUTOMATIC VOLTAGE REGULATOR MODEL 

The original function of AVR is to maintain a prescribed 
constant voltage at synchronous generator terminal. In this 
paper, an IEEF type I AVR was chosen [5]. The state space 
representation of linearized AVR system, which can be 
derived for this model, is given by: 
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IV. SPEED GOVERNOR MODEL 

The function of a governor of on electric power plant is 
to maintain constant speeds, usually the synchronous speed 
of the turbine governor set. There are two types of governors 
and turbines, namely hydro and steam units. In this paper a 
steam governor and turbine is chosen, the state space for the 
system is given by [6]: 
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V. COHERENCY-BASED EQUIVALENT MODEL 

The Grouping coherent generators from the view point of 
specific modes of power oscillations based on eigenvectors 
in eigenvalue analysis is used to deal with large systems and 
achieve more precise results. In the tolerance based approach 
to coherent generator identification, the user can specify 
tolerance values, the number of slow modes, and the number 
of eigenvalues of the linearized dynamic system equations 
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being calculated. After having determined the groupings of 
generators using coherency-based and taking into account the 
location of a disturbance, an automatic controlled algorithm 
is applied that takes into account certain physical constraints. 
In these methods, two assumptions are made: first the 
coherent groups of generators are independent of the size of 
disturbance so that the linearized model could be used to 
determine the coherency group; second the coherent groups 
are independent of the level of detail used in modeling the 
generator unit so that a classical generator model can be 
considered [7].  

The two generators i and k in the external system are said 
to be coherent if there exists a constant Cik such that: 

δi(t)-δk(t) = Cik ± ε ;    0 < t < tmax                       (6) 

where δ is the rotor angle of generator and ε is a small 
number . Generators i and k are said to be perfectly coherent 
if   ε = 0. A group of generators are said to be coherent if 
each pair of generators in the group is coherent. Several 
methods have been employed to prove eq. (6).  

   After identifying the coherent group of generators each 
group is replaced by an equivalent generator.   The dynamic 
equivalent of a coherent group of generating units is defined 
as a single generating unit that exhibits the same speed, 
voltage, and total mechanical and electrical power as the 
group during any perturbation provided these units remain 
coherent. Several approaches have appeared in the literature 
to represent a coherent group of machines by an equivalent 
machine, the details of which are found elsewhere.  

   The generating unit model includes an automatic 
voltage regulator, governor, and turbine. The parameters of 
the equivalent model will be derived in the time domain 
using structure constraints. Before deriving the equivalent 
model, It is assumed, without  loss of generality, that  the 
coherent    group    consists  of    two    machines, however, 
the equations derived are  applicable to coherent groups  
consisting   of  any   number  of  machines. The derivation 
process involves the implementation of the following:  

- Connection of coherent group to common bus. 

- The equivalent synchronous machine model. 

- The equivalent of the excitation system model. 

- The equivalent of turbine and speed governor model. 

 The equivalent model of coherent machines is derived in 
two steps, in the first the rotor dynamics are considered, and 
then in the second step the electrical model synchronous 
machine is considered [6].  

VI. SOFT COMPUTING  

To realize that complex real-world problems require 
intelligent systems that combine knowledge, techniques and 
methodologies from various sources. These intelligent 
systems are supposed to possess human like expertise within 
a specific domain, adapt themselves and learn to do better in 
changing environments, and explain how they make 
decisions or take actions. It is frequently advantageous to use 
several computing techniques synergistically rather than 
exclusively, resulting in construction of complementary 
hybrid intelligent systems. The quintessence of designing 
intelligent systems of this kind is neuro-fuzzy computing: 
neural networks that recognize patterns and adapt themselves 

to cope with changing environments; fuzzy inference 
systems that incorporate human knowledge and perform 
inferencing and decision making. The integration of these 
two complementary approaches, together with certain 
derivative-free optimization techniques, results in a novel 
discipline called neuro-fuzzy and soft computing [8]. 

A. Adaptive Neuro-Fuzzy Inference Systems (ANFIS). 

 Jang and Sun [9] introduced the adaptive Neuro-Fuzzy 
inference system. This system makes use of a hybrid learning 
rule to optimize the fuzzy system parameters of a first order 
Sugeno system.  One way of generating multiple outputs is 
to maintain the antecedents of fuzzy rules among multiple 
ANFIS models, as shown in Figure 1. Fuzzy roles are 
constructed with shared membership values to express 
correlation between outputs.  

 

Fig. 1.Multi output first order Sugeno ANFIS system 

 

The ANFIS architecture consists of two training 
parameter set: 

- The antecedent membership function parameters 

- The polynomial parameters [p, q, r]  

In Ellithy and Al-Naamany, The ANFIS training 
paradigm uses gradient descent algorithm to optimize the 
antecedent parameters and a least square algorithm to solve 
for the consequent parameters. Because it uses two very 
different algorithms to reduce the error, the training rule is 
called hybrid. The consequent parameters are updated first 
using a least squares algorithm and the antecedent 
parameters are then updated by back propagating the errors 
that still exist [10]. 

B. Genetic algorithm ( GA).  

Genetic algorithms, and other evolutionary algorithms 
such as genetic programming, have been extensively applied 
to the off-line design of controllers. GAs have been used to 
obtain controller parameters (for various classes of 
controller), or controller structure, or occasionally both. The 
Genetic algorithms are derivative-free stochastic 
optimization method based on the concepts of natural 
selection and evolutionary processes. There were first 
investigated by John Holland in 1975[11]. Their popularity 
can be attributed to their freedom from dependence on 
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functional derivatives and to their incorporation to these 
characteristics: 

- Optimizes with continuous and discrete parameters. 

- Deals with a large number of parameters. 

- They can jump out of local minimum. 

- Simultaneously searches from a wide sampling of the 
fitness surface.  

Genetic algorithm is used to tune the parameters of the 
controllers previously designed by the pole-placement 
technique. The fitness function of the genetic controller is to 
maximize damping ratio of the poorly damped modes [12]. 

Fitness function =       

)(
1


=

n

i

iMax 
               (7) 

Where n is the number of system modes that have a 
damping ratio less than 0.2 .With constraints: 

1- Damping ratio for all modes is not less than 0.2.  

2- The searching space constants is between ± 5.    

The GA Toolbox uses MATLAB matrix functions to 
build a set of versatile routines for implementing a wide 
range of genetic algorithm methods, as shown in figure 2. 
We outline the major procedures of the GA Toolbox[12]. 

 

Fig. 2. The Block Structure of Controller Optimizing Process With GA 

 

VII.  APPLICATION OF ANFIS TO ADAPT SUPPLEMENTARY 

DAMPING CONTROLLERS GAINS 

The fixed-gain controllers as determined in previous 
section have been designed based on the nominal operating 
conditions of the system. In reality, the operating conditions 
change with time and, as a result, the dynamic performance 
of the system will change. Thus, to maintain good dynamic 
response at all possible operating conditions, the controllers’ 
gains need to be adapted based on system operating 
conditions. ANFIS will be used in this work to adapt the 

controllers’ gains of controllers in real time. Before ANFIS 
can be used, it is necessary to determine a proper set of 
training patterns. Each training pattern comprises a set of 
input data and corresponding output data.  For each 
controllers, an ANFIS will be designed to adapt its gains. 
The input for each ANFIS will be the line active power and 
line current.  

Table 1 shows a part of the training patterns obtained by 
GA for equivalent generator 1 and 2. For each operating 
point, the obtained controllers’ parameters are quit different. 

TABLE I.  A PART OF THE TRAINING PATTERNS FOR GEQ 

Case  ΔV1 KA1 KF1 KE1 

1-Geq1 -1.12 + 1.311i 1.233 -0.042 1.430 

2-Geq1 -0.85 + 1.119i 1.087 -0.080 -0.052 

3-Geq1 -0.45 +0.83i  0.849 0.365 0.227 

4-Geq1 -0.22 + 0.091i 0.569 -0.413 -0.35 

1-Geq1 -1.02 + 1.31i 1.169 -0.513 0.745 

2-Geq2 -0.55 +0.73i  0.849 0.365 0.527 

3-Geq3 -0.35 + 0.519i 0.587 -0.080 -0.252 

4-Geq4 -0.18 + 0.311i 0.233 -0.042 0.130 

 

The performance of the proposed ANFIS damping 
controllers has been investigated. The response of the system 
with fixed-gain genetic-based damping controllers designed 
at normal operating conditions and with the adaptive ANFIS 
damping controllers is compared. A 0.05 p.u step increase in 
the mechanical power reference input of generators are 
applied at t = 0.0 and not removed.  

VIII. POWER SYSTEM MODEL 

In this paper, the Iraqi National Electricity Grid System is 
used as a multi-regional interconnected power system model 
[13]. The Iraq Grid is a power system model with 38 
generators station, 94 buses and 158 branches. The power 
flow condition is assumed to be at rating demand of 9.961 
GW in the daytime (29/4/2018) [13]. Ratings of generators 
operated in the power system are listed in table 2. 

TABLE II.  RATING LEVEL OF GENERATORS IN IRAQ GRID 

Gen. PMW Type Gen. PMW Type 

G1→G2 1450-
1750 

Steam G22→G29 60-
100 

Gas 

G3→G8 120-
500 

Steam G30→G32 40-
50 

Gas 

G9→G15 250-
500 

Gas G33→G35 40-
150 

Diesel 

G16→G21 120-
200 

Gas G36→G38 20-
60 

Hydraulic 
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The system load characteristic is assumed to be constant 
current and constant impedance for active and reactive 
power, respectively. This system has the structural 
characteristics of different voltage levels, i.e. the 400KV and 
132-KV loops with 50Hz. The equations of  Exciter type 
AVR and GOV have been installed at each generator in the 
Iraq Grid Model, are represent in eq.(4,5).  

IX. RESULTS AND DISCUSSION 

In this system the study area is obtained by computing 
power variation at the instant of fault, i.e. at t = 0+. The 
analysis of system stability, eigenvalues of a power system 
model have been derived and evaluated. The analyzing 
eigenvalues, characteristics of system dynamics are extracted 
without a time domain simulation. The most dominant power 
oscillation can be identified by eigenvalues, and the grouping 
coherent generators from the view point of specific modes of 
power oscillations can be easily performed by eigen-vectors. 
Thus, eigenvalue analysis is effective in evaluating the 
system stability for a multi-machine power system. Because 
the size of a given power system model is so large, 
eigenvalue analysis was hard to perform. There are many 
eigenvalues and many corresponding eigenvectors calculated 
for the given power system model. However, the eigenvalues 
and the eigenvectors shown are only those that are related to 
the swing equations of generators because the coherency to 
be checked is only based on the power oscillations of 
generators. Figure 3 shows two dominant eigenvalues and 
eigenvectors given by the analysis. Here, a mode of weakest 
damping (eigenvalue: -0.07318+j3.1522) is chosen as a 
target to derive equivalent power system. 

From the results shown in figure 3, grouping of 
generators can be carried out as shown in table 3. The 
generators were divided into four zones according their 
coherence with each other depending on their position in 
figure 3.  

 

Fig. 3. Generators of Iraq Grid (Two dominant eigenvalues and their 

corresponding eigenvectors) 

 

The first group was represented by an equivalent 
generator Geq1, consisting of generators G1, G3, G4, G5, G7, 
G8, G10, G34 and G38 with an equivalent capacity 3.315 GW, 
and the second group represented by an equivalent generator 
Geq2, consisting of generators G2, G6, G11, G16, G25, G28, G29, 
G33 and G36 with an equivalent capacity 2.762 GW and the 
third group represented by an equivalent generator Geq3, 

consisting of generators G15, G18, G19, G21, G23, G24, G26, G27, 
G32 and G37 with an equivalent capacity 1.640 GW and the 
fourth group is represented by an equivalent generator Geq4, 
consisting of generators G12, G13, G14, G17, G20, G22, G30, G31 
and G35 with an equivalent capacity 2.244 GW. 

TABLE III.  EQUIVALENT COHERENT GENERATORS GROUPS  

Equivalent 
Generator 

Coherent Generators Equivalent 
Power 

Geq1     
(Group1  ) 

G1, G3, G4, G5, G7, G8, 
G10, G34, G38 

3.315GW 

Geq2 
(Group2 ) 

G2, G6, G11, G16, G25, 
G28, G29, G33, G36 

2.762GW 

Geq3 
(Group3 ) 

G15, G18, G19, G21, G23, 
G24, G26, G27, G32, G37 

1.640GW 

Geq4 
(Group4 ) 

G12, G13, G14, G17, G20, 
G22, G30, G31, G35 

2.244GW 

 

The data obtained from the stability studies are usually 
rotor angle, powers, speeds and currents of the machines as 
well as voltages at the buses and power flows in the lines of 
the power system network during and immediately after the 
disturbances a three phase fault was applied at the terminals 
of machine 3 for period t = 0.2 Sec. Figure 4  shows  the 
swing curves of the first group generators and their 
equivalent swing curve. 

 

 

Fig. 4. Swing Curves of Coherent Generators in Group1 

 

It is clear from the figure 4, that the third generator (G3) 
is more swing from other generators because of the fault on 
its terminals, and the bold line illustrates their equivalent 
swing curve (Geq1). 

For the coherency based equivalent (Group1), checked 
under different conditions, the system response with and 
without including controllers (AVR and GOV) is shown in 
figure 5, in which the swing curve is damping with AVR & 
GOV.   
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Fig. 5. Effect of AVR and GOV on Swing Curve of Equivalent Generator 1 

Figure 6 shows a comparison between the cases with and 

without taking into consideration. The effect of AVR and 

speed governor for a quadrature component of the voltage 

back of transient reactance (E'q),  since the field flux linkage 

do not change instantaneously following a disturbances E'q 

also does not change instantaneously. The rate of change of 

E'q along the quadrature axis is dependent on the field 

voltage controlled by the regulator and exciter that is clear 

from camper in figure 6. 

 

Fig. 6. Effect of AVR and GOV on E'q of Equivalent Generator 1 

 

X. CONCLUSIONS 

From the results, it was observed that the equivalent 
obtained acceptable results compared with the original 
system. The grouping coherent generators from the view 
point of specific modes of power oscillations performed by 
eigen-vectors. Thus, eigenvalue analysis is effective in 
evaluating the system stability for the Iraq Grid power 
system model with 38 generators, this system changed by 
ccoherency-based eequivalent model to four generators (Geq1, 
Geq2, Geq3, and Geq4). Applications of Power System 
controllers (AVR & GOV) are effective method for 
improving power system stability, when a fault occurs on the 
ends of the generator or near it, the effect of disturbance 
reach to all generators in system and the generator fails to 
come in parallel with the power system and other generators 

for the set time, this causes in a change of the terminal 
voltage and the speed of the generator. In this case begin a 
slight increase in the action of speed governor, and in the 
same time the automatic voltage regulator seeks to 
compensate for this variation by reducing the generators 
excitation current and the flux respectively. As a secondary 
result, changing the constants of the controls affects the 
accuracy and speed of the results. The effect of controllers 
caused on increase in the stability boundaries of about %15 
for original system and about %14 for equivalent model 
system, these increases in the stability limits take place from 
the actions of AVR end speed governor to adjust the voltage 
and the speed of the machine respectively. 
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