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Abstract:  The stability of a transient IEEE 9 bus system with regard to voltage maintenance, generators, and the incorporation 

of distributed energy resources (DER) is examined in this research. The term “transient stability” describes a power system capacity 

to maintain synchronization in the face of difficult circumstances such a sudden loss of generation or substantial load swings. It is 

difficult to incorporate renewable energy sources (RES) within the constrained transmission line capacity, which has an impact on 

generator capacity. The reduction of system inertia caused by RES integration may have an effect on transitory situations. In order 

to solve this, we built a wind turbine generator (WTG) inside the point of connection (PoC) and tested the stability of transients by 

adding faults to the bus. 
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I. INTRODUCTION 

Many worldwide power systems are already approaching their stability limitations as a result of the growing load on transmission 

networks and the increased demand for energy. Transmission networks now have to manage greater power levels than they were 

originally planned due to a number of variables, such as restricted investment in new transmission and production facilities, new 

regulatory requirements supporting transmission open access, and environmental concerns. Power systems are now more vulnerable 

to disruptions as a result of this circumstance. In order to set operating boundaries and recommendations, it is essential to assess 

power system stability, which focuses on a power system's capacity to recover to a stable condition after a disruption.  

 

The conventional approach to stability evaluation takes a lot of time and is inappropriate for the operating conditions of today. 

Furthermore, recent widespread blackouts in North America and Europe have highlighted the urgent need for a quicker and more 

precise instrument to evaluate the stability of the power system, particularly for real-time assessments in a dynamic system. 

 

Power system stability necessitates a thorough examination of the dynamics of the system under disturbance. It alludes to the 

system's ability to bounce back and resume steady, regular functioning after interruptions. According to a traditional definition, the 

loss of synchronism, which occurs when certain synchronous machines become misaligned as a result of certain shocks, is what 

causes power system instability. Stable-state, transient, and dynamic stability are the three forms of stability that need the most 

attention. 
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II. FLOW DIAGRAM OF THE PROPOSED IEEE 9 BUS SYSTEM 

 

 
 

 

Fig. 1: Flow diagram of the proposed IEEE 9 BUS SYSTEM 

 
The addition of synchronous generators or wind turbine generators (WTG) complicates the power system stability and continuous 

operation. A noteworthy trend is the increased use of Distributed Energy Resources (DER) and their integration      into the current 

grid structure. However, in extreme disturbance or fault situations, Point of Connection (PoC) voltages may drop sharply to almost 

zero, significantly increasing the generators stator current transients. This then affects torque and power pulsations, resulting in 

network imbalances. Modern methods for low-voltage ride-through (LVRT) capabilities are presented in the reference. Prior to 

system failure, defects must be repaired, which may be done by keeping the critical clearing time (CCT) and rotor angles properly 

balanced. This in turn controls active and reactive power and stabilizes voltage level changes. 

III. PROPOSED METHODOLOGY 
A. Wind Integrated system in IEEE 9 bus system  

 
Fig. 2: Wind Integrated system in IEEE 9 bus system 

 

This study investigates the transient stability of the IEEE 9- bus system to assure system stability in a variety of 

circumstances. For controlling market operations and evaluating the security of electrical networks, contingency analysis is 

essential. An IEEE 9-bus system using a conventional synchronous generator is initially examined in the research. In order to assess 

the voltage performance indicators, a contingency study is carried out by gradually removing the transformer, transmission line, 

and generator. The same research is then done on the IEEE 9-bus system, which replaces one conventional generator with a DFIG-

based wind farm of the same rating. The results of juxtaposing these two circumstances are then shown. 

 

The simulation is run using Power Factory, and the severity of outages is evaluated using the voltage performance index. 

The findings demonstrate that the severity of contingencies endures even with the addition of DFIG. But when DFIG is properly 

positioned, the system performs better in emergency situations because of less inertia, more synchronizing torque, and closer to the 

load. 
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A load flow analysis is first used to stabilize the IEEE 9-bus system and make sure that all state and voltage levels at the 

buses are within the predetermined ranges. The research starts out by analyzing transients in generators and buses without 

integrating Distributed Energy Resources (DER). 

 

Reliability and security are crucial issues since the integration of renewable energy into the grid may have a substantial 

influence on the stability of the power system. Contingency analysis is a crucial technique in power systems to spot possible 

overloads and other problems that may develop as a result of defects, including transmission line failures or generator outages. 

Contingency analysis includes altering the system's operational state to assess how it will react in different scenarios. 

 
B. Synchronous machine  

 

 
 

 

Fig. 3: Synchronous machine 

As the model develops, simulation becomes a crucial tool for determining its accuracy and usefulness. Simulations aid in 

confirming that the model performs as predicted. Additionally, Model-Based Design makes it easier to automatically generate code 

that is suitable for embedded deployment when including software and hardware implementation requirements, such as providing 

fixed-point accuracy and time limitations. Additionally, it enables the development of test benches to thoroughly examine system 

performance, saving time and reducing the dangers connected with manually entered mistakes. For system verification, build test 

benches to save time and prevent the introduction of manually-coded faults. 

 

In order to analyses the dynamic behavior of synchronous generators, the research uses a two-axis model and differential 

equations to explain the behavior of the generators. 

 

         

 
 

 
Table 1. SIMULATED IEEE 9-BUS NETWORK RESULTS. 
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IV. THEORITICAL MODELING OF THE PROPOSED CONVERTER 

 

                      This study investigates the transient stability of the IEEE 9- bus system to assure system stability in a 

variety of circumstances. For controlling market operations and evaluating the security of electrical networks, 

Contingency analysis is essential. An IEEE 9-bus system using a conventional synchronous generator is initially 

examined in the research. In order to assess the voltage performance indicators, a contingency study is carried out by 

gradually removing the transformer, transmission line, and generator. The same research is then done on the IEEE 9-

bus system, which replaces one conventional generator with a DFIG-based wind farm of the same rating. The results 

of juxtaposing these two circumstances are then shown. 

 

The simulation is run using Power Factory, and the voltage performance index is used to gauge how severe the 

outages are. The results show that even with the addition of DFIG, contingencies remain severe. But when DFIG is 

properly positioned, the system performs better in emergency situations because of less inertia, more synchronizing 

torque, and closer to the load. 

 
 

 

A methodical technique called model-based design simplifies and expedites the creation of dynamic systems, 

which includes things like communication, signal processing, and control systems. Throughout the development 

lifecycle, beginning with the determination of requirements and continuing through the design, implementation, and 

testing stages, this technique places a system model in the spotlight. Throughout the development process, the model 

functions as an executable specification that continually grows. As the model develops, simulation becomes a crucial 

tool for determining its accuracy and usefulness. Simulations aid in confirming that the model performs as predicted. 

Additionally, Model-Based Design makes it easier to automatically generate code that is suitable for embedded 

deployment when including software and hardware 

implementation requirements, such as providing fixed-point accuracy and time limitations. Additionally, it enables 

the development of test benches to thoroughly examine system performance, saving time and reducing the dangers 

connected with manually entered mistakes. For system verification, build test benches to save time and prevent the 

introduction of manually-coded faults. 

 
 

V. CONTROLLER MODELING 

 

 
 

Fig. 5: PSS structure 

 

The traditional method of stability evaluation is time- consuming and unsuitable for current operating circumstances. The 

urgent need for a quicker and more accurate tool to assess the stability of the electrical system has also been underlined by recent 

extensive blackouts in North America and Europe, particularly for real-time assessments in a dynamic system.  

Power system stability necessitates a thorough examination of the dynamics of the system under disturbance. 

It alludes to the system ability to bounce back and resume steady, regular functioning after interruptions. According to a 

traditional definition, the loss of synchronism, which occurs when certain synchronous machines become misaligned as a result 

of certain shocks, is what causes power system instability. Stable-state, transient, and dynamic stability are the three forms of 

stability that need the most attention. 
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VI. RESULT AND DISCUSSION 

The IEE 9 bus system is discussed in this chapter along with the system's transient stability 

. 

 
Synchronous machine 
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Generalized frequency controller 
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Three phase transformer 

 

 

Three phase RLC load 
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Transient stability of ieee 9 bus system (i) frequency stability (ii) power stability (iii) voltage stability 

 

VII. CONCLUTION 

To conduct transient stability analysis in the case of a 3-phase failure, Distributed Energy Generation (DEG) has been integrated 

into the IEEE 9-bus system. We examine the transient behaviour of the generators in the original scenario, which excludes the 

presence of Wind Turbine Generators (WTG) and fault clearing methods. 

 

It is interesting to observe that throughout this examination, the generator swing angle reaches its maximum, shown by the 

symbol = 180°, and then stops moving for 3 seconds. Due to the significant current flow inside the generators, the maximum and 

lowest current values both noticeably rise during this stationary period. Generator G1, which functions as a slack bus generator 

and supplies reactive power to the system, is of special note. The maintenance of consistent voltage levels across the multiple 

buses, nevertheless, presents difficulties. When a 3-phase fault occurs at bus 8, the WTG maintains grid connectivity at the Point 

of Common Coupling (PoC). It keeps providing the electrical system with constant reactive power. We see a slow rise in terminal 

voltage after the fault is resolved after 1.114 seconds, finally reaching 98%. Due to the existence of residual transient currents 

that continue to exist inside the PoC, this voltage displays very small pulsations. 
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