
Indonesian Journal of Electrical Engineering and Computer Science 

Vol. 25, No. 2, February 2022, pp. 648~655 

ISSN: 2502-4752, DOI: 10.11591/ijeecs.v25.i2.pp648-655      648  

 

Journal homepage: http://ijeecs.iaescore.com 

Studies enhancement of transient stability by single machine 

infinite bus system and setting purpose genetic algorithm 
 

 

Zinah S. Hasan1, Dalya H. Al-Mamoori2 
1Babylon Technical Institute, Al-Furat Al-Awsat Technical University, Najaf, Iraq 

2Department of Electrical Power Engineering, Technical College Al-Mussaib, Al-Furat Al- Awsat Technical University, Babil, Iraq 

 

 

Article Info  ABSTRACT 

Article history: 

Received May 11, 2021 

Revised Dec 19, 2021 

Accepted Dec 29, 2021 

 

 Maintaining network synchronization is important to customer service. Low 

fluctuations cause voltage instability, non-synchronization in the power 

system or the problems in the electrical system disturbances, harmonics 

current and voltages inflation and contraction voltage. Proper tunning of the 
parameters of stabilizer is prime for validation of stabilizer. To overcome 

instability issues and get reinforcement found a lot of the techniques are 

developed to overcome instability problems and improve performance of 

power system. Genetic algorithm was applied to optimize parameters and 
suppress oscillation. The simulation of the robust composite capacitance 

system of an infinite single-machine bus was studied using MATLAB was 

used for optimization purpose. The critical time is an indication of the 

maximum possible time during which the error can pass in the system to 
obtain stability through the simulation. The effectiveness improvement has 

been shown in the system. 
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1. INTRODUCTION 

The modernity of the power system is that it consists of a complex network that contains many 

buses and generators that are highly interconnected. The need for electricity has led to an improvement in the 

generation of the network instead of building new lines, and that the flow of energy in transmission lines has 

become a problem of transient stability when a fault occurs. Synchronicity is affected by the great and the 

small perforations [1]. Stability is one of the necessary characteristics in the system and is divided into small 

signal stability and transient stability [2], [3]. To optimally allocate photovoltaic power based on distributed 

generations (PV-DG) the proposed hybrid particle swarm (PSO) has been applied to 33-bus and 69-bus [4]-[6]. 

In order to obtain high accuracy and mend stability margins, optimized positioned phasor measuring unit 

(PMU) were combined in a wide area measurement system (WAMS) and increased the conventional L index 

on 9-bus and 14-bus networks [7]. Education (EDN) has been restored with finite-time particle swarm 

optimization (FPSO) algorithm for advanced production and loading (APL) [8], [9]. The neural network was 

used to detect plant echo using the derivation of the root mean square system [10]. Using the support vector 

machine (SVM) and k nearest neighbour (KNN) algorithm a system was to find out about many diseases of 

87.3% and 83.6% [11]. To enhance stability in single machine infinite bus (SMIB) used probabilistic 

signature scheme (PSS), genetic algorithm (GA) used to define parameters PSS [12]. Static var compensator 

(SVC) is used to set SMIB and matrix metalloproteinases (MMPS) parameters with the GA, we note that the 

network is unstable when not in use SVC [13]-[15]. To set parameters, use proportional integral derivative 
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(PID) with PSO on the SMIB system and stability has been improved by SVC [16]-[18]. GA with DG apply 

to find out the optimal location on 33 bus and get rid of voltage drops and losses [19]. To determine the 

malicious type of communication, a genetic algorithm is proposed. This method can be applied in an 

intrusion detection system to identify the attack and enhance the security features of a computer network 

[20], [21]. GA was exercised to procure the values to improve heating, ventilation and air conditioning 

(HVAC) model [22]. GA was used to improve the parameters of the based Thyristor controlled series 

compensator (TCSC) controller to improve stability. The controller structures (LL and PID) used in the case 

of different disturbances and TCSC gave the best response [23], [24]. To enhance predicted mean vote 

(PMV) and find posterior probability density (PPD) value as input for energy value prediction thermal 

equation and smart algorithm used to control and boost the energy in heating, ventilation, and air 

conditioning (HVAC) by the rated and ideal air temperature inside, prevent the energy peaking [25], [26]. 

The teaching-learning-based optimization (TLBO) technology was used on a six-bus system, where the 

results showed a rapid damping to reach the stabilization state, and the parameters were set through 

proportional integral (PI) [27]. In this paper, a comparison was made between three types of flexible 

alternating current transmission system (FACT) devices, namely SVC, static synchronous compensator 

(STATCOM), and unified power flow controller (UPFC), and the best stability and damping enhancement of 

the system with UPFC [28]. 

The stability enhancement is based on PSS through TCSC control unit under turbulence. Real-coded 

genetic algorithm (RCGA) is used to obtain the parameters and singular value decomposition (SVD) 

damping control study is presented [29]-[31]. Flexible alternating current transmission systems have many 

types and are developed, including series, parallels, series-parallels, installed on SMIB [32]-[34].  

Instability and system out of synchronization due to an error. Since the system is not able to return 

to its steady state, the error is eliminated. The change in angular velocity and oscillations does not make the 

system reach the transient stability state to out of synchronization. To enhance stability, compensate effort 

and enhance reactive and real capacity, it is necessary to improve the cost and compensate the transmission 

line. To obtain the optimum controller parameters, smart technologies that contribute to this purpose and 

boost the transient stability in electrical networks have been used. In this paper, the improvement that took 

place for network parameters in SMIB was done through the Matlab program and the application of the 

genetic algorithm, which helped the system to take out fluctuations and reach the stable states in speed 

deviation, variation of power angle and voltage deviation for 4% step increase in mechanical torque input. 

Compared to other research in which many algorithms, FACTS and PSS. Have been applied to SMIB 

network to obtain system improvement and stability. The paper is split: section 2 explains the system, genetic 

algorithm in section 3 and section 4 discusses the results. Section 5 offer conclusion.  

 

 

2. POWER SYSTEM 

Figure 1 is a model of SMIB system and using MATLAB to develop the system [35]. To enhance 

the quality and stability, control is the most significant [36]. Through the parallel line the synchronous 

machine is fed to the infinite bus. Et terminal voltage and Eb infinite bus voltage. Re and Xe resistance and 

reactance of the transmission line respectively.  
 

 

 
 

Figure 1. Single line diagram of SMIB system [23] 
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𝑞 𝑖𝑞 + (𝑋′
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𝑞) 𝑖𝑑 𝑖𝑞 (5) 
 

The equations for the stator and lattice are as follows,  
 

𝐸′
𝑞 + 𝑋′

𝑑 𝑖𝑑 =  𝑉𝑞 (6) 
 

𝐸′
𝑑 + 𝑋′

𝑞 𝑖𝑞 =  𝑉𝑑 (7) 
 

𝑉𝑞 = −𝑋𝑒 𝑖𝑑 −  𝐸𝑏  𝑐𝑜𝑠𝛿 (8) 
 

𝑉𝑑 = 𝑋𝑒 𝑖𝑞 − 𝐸𝑏  𝑠𝑖𝑛𝛿 (9) 
 

the equations become,  
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𝑞
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𝑑

𝑋𝑒+ 𝑋′
𝑞

 (11) 

 

 

3. METHOD 

This section describes the methods of modelling, formulation of the optimization problem, fitness 

function, load flow and implementation of the optimization algorithm for solving optimal problems. The 

network was linked with the genetic algorithm through the matrix laboratory (MATLAB) program by m-file, 

where the algorithm data was entered through programming and system simulation into MATLAB to 

minimizing voltage drop and power loss of the network. The fitness function can be calculated and the design 

of the function was a significant part of the entire optimization method for the modeling process. Voltage 

drop constraint calculated using (7) and (8) respectively. 

The problems of reinforcement are used to solve many methods. In a specific time, we appreciate 

the existence of a suitable solution to the problem in the network, but there is no guarantee of obtaining the 

best solution [37]-[39]. GA used to control specific system parameters and solve problems. It contains many 

solutions that can be modified. There are many parents who are working to produce a new generation. GA is 

a research and optimization technique whose objective is to identify appropriate parameters by which results 

can be improved [40], [41]. Their candidate solutions are called chromosomes [12], [23], [42], [43]. By GA 

the parameters of the system controllers are optimized [44]. The expression of the individual uses his 

decency [23], [45]. GA easy and simple, so the researchers used it, and it has the ability to converge to reach 

the optimal solution [24], [46]-[49]. Figure 2 shows the flow chart of GA which works on generations. 
 

 

 
 

Figure 2. Flow chart of GA 
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a) Fitness evaluates everyone. 

b) The population is multiplied by repetition, and nomination of one of the fit is random, and individuals of 

higher fitness contribute better than less fit. 

c) Mutation and crossover are factors for offspring. 

d) The offspring is inserted and the operation is frequent. 
 

 

4. SIMULATION RESULTS 

In Figure 3 simulink for SMIB system using MATLAB. The simulink of subsystem is offer in 

Figure 4. The parameters for GA optimization routines can be found in [50]. The fault condition occurs at the 

middle of one line of tc = 0.28 sec. To ensure user control was tested for three phase short circuits, we can 

observe that GA controller damps electromechanical oscillations as in Figure 5 offer the variation of the 

speed without controller and with GA, it shows are completely damped within tc=0.28 sec. Figure 6, the 

relative variation in the power angle of generator is cleared at the time clearing tc=0.28 sec when the 

response without GA and the responses with GA optimized, GA helps the system to be stable. The rotor 

angle swing decreases and the oscillation of dampen. Figure 7 offer the voltage at bus, Where we notice the 

suppression of oscillations with GA is better than a situation without GA. We note that the suppression of 

oscillations is better compared to the suppression in the case of using PSS with SMIB in the research [51], 

and this indicates the response of the network to the stable state thanks to the GA technique that helped to 

adjust the parameters. The results show the tunability and effectiveness of the modeling and that the proposal 

of the GA technique is distinguished by the damping of oscillations, low frequency, and the stability under 

severe turbulence to the steady-state operating condition. Hence, we find that the main objectives of this 

study are to reduce energy losses in the distribution system. Implementation of GA-based optimization by 

decreasing the velocity drift, power angle variation, and voltage drift by 4% showed a stepwise increase in 

the mechanical torque input. SMIB parameters are in Table 1.  
 

 

 
 

Figure 3. MATLAB simulink of SMIB 
 

 

 
 

Figure 4. MATLAB simulink of subsystem 
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Figure 5. Speed deviation for 4% step increase in mechanical torque input 

 

 

 
 

Figure 6. Variation of power angle for 4% step increase in mechanical torque input 

 

 

 
 

Figure 7. Voltage deviation for 4% step increase in mechanical torque input 

 

 

Table 1. The parameters of SMIB 
𝑉𝑖𝑛𝑓 

(p.u) 

H 

(s) 

D 𝑉𝑡(p.u) 𝐾𝐴 𝑅𝑠 
(p.u) 

𝑅𝑒 
(p.u) 

𝑇𝑑(s) 𝑇𝐴(s) 𝑤𝑠(ra

d/s) 
𝑋𝑑 

(p.u) 
𝑋𝑞(p.u) 𝑋𝑒(p.u) 𝑋′

𝑑(p.u) 

1∠0°  2.52 0 1.72∠19.3 400 0.0 0.2 5.9  0.2  314 1.7  1.64 0.7  0.245  
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5. CONCLUSION 

Power system behaviors are observed to compensate for low oscillations and the stability 

performance is improved by effective moisture oscillation from low frequency. The results show this 

proposed model is suitable for accurately and effectively analyzing the stability as network-based GA by 

enhancing the transient stability of SMIB. The simulation described here was performed using GA. It was a 

training of the genetic algorithm, with the SMIB pre-error condition used as a typical reference for the 

control unit, it could be concluded that the system increase in the critical clearing time and damping of the 

electromechanical power oscillations. Flexible AC transmission systems can be applied with the genetic 

algorithm in this network, and this is the direction of research to complete smart calculations. 
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