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ABSTRACT 

Power system stability is defined by the tendency of the energy system to develop recovery forces 

equal or greater than the disturbing forces to maintain a stable equilibrium state. In general, power 

system stability problems are usually divided into two parts, steady state and transient state. An 

extension of steady-state stability is dynamic stability. Transient stability deals with the effects of large 

disturbances such as malfunctions, sudden line interruptions, and sudden application or load removal. 

This research is presents load angle method to transient stability problem for multi-machine system. The 

ETAP program is used to simulate the above method to study transient stability. A sub-station plant in 

Khartoum (GARRI) with four generation sections (1, 2 and 4) has been taken as a case study. The 

simulation result shows that when a single line-ground fault occurs at main busbar and cleared at time t 

= 0.4 sec the system is stable, in case 2, when the same fault cleared at t = 3 sec the system become 

unstable. 
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1.  INTRODUCTION 

 

The concept of system stability expresses the ability of the system to return to the steady 

state in the event of any disturbance to the system, and it has a special effect on synchronous 

generators that operate in conjunction with the rest of the system [1]. The synchronization 

process between the generator and the bus takes place at the same frequency, voltage and phase 

sequence.  

Therefore, we find that the stability of the power system depends on the ability of the 

system to return to its stable state without the occurrence of loss of synchronization [2]. Usually, 

power system stability is categorized into Steady State, Transient and Dynamic Stability. With 

the great expansion of electric power grids, power systems have become extremely complex 

and highly sensitive when electricity cuts even in short periods, which can lead to dire 

consequences. The stability of the power systems leads to the stability of the electrical supply, 

but when some disturbances occur, the supply is affected, especially when the synchronous 

machines are present. As the transient signals lead to instability [3]. 

Any sudden change in voltage or current in the power system leads to the occurrence of 

the transient state, which reduces the quality of performance. Power control Many problems 

can be solved by improving the quality of performance [4]. This research is developed to find 

the critical time clearing and power angle of a system for a given fault conditions. The rest of 

this paper is organized as follows; section 2 provides a background and concepts related to the 

electrical power system stability. In section 3, the theoretical concepts of transient stability are 

provided. Different methods for transient stability improvement are presented in section 4. In 

section 5, the simulation model of transient stability analysis for Garri station case study is 

reviewed. The simulation results and discussion are presented in section 6. Finally, in section 

7, the paper conclusion and future direction are provided. 

 

 

2.  BACKGROUND 

 

When faults occur in the power system, the electrical power from generators close to 

failure is greatly reduced. Also, the remote generators may be affected due to the malfunction. 

Sometimes the power system remains stable even when a continuous error occurs [5]. However, 

this often happens, as the fault needs to be repaired quickly enough to maintain the stability of 

the system. The stability of the system depends on the type of failure, its location, clearing time, 

and the method of filtering. There are three main types of power system stability [6] (see Figure 

1). The transient stability limit depends on the type, location, and size of the disorder and is 

almost always below the steady-state limit. Steady-state stability is defined as the ability of a 

system to develop recovery forces equal or greater than the disturbing force and to remain in 

equilibrium or synchronization after small and slow disturbances [7]. These strikes may be 

sudden due to sudden change in pregnancy, switch operation, loss of generation, and fault. 

Dynamic stability defines the system’s ability to maintain stability under continuous small 

disturbances, also known as small signal stability [8]. 

Transient stability represents the power system ability to maintain synchronization when 

subjected to severe transient disturbance such as a malfunction, sudden line disconnection and 

application or removal of loads [9]. The resulting system response includes large trips to the 

generator rotor angles and is affected by the nonlinear power angle relationship.  
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Transient stabilization is a rapid phenomenon, usually occurring within one second of a 

generator close to the   disturbing cause. The aim of studying transient stability is to ascertain 

whether the loading angle returns to a steady value after the turbulence is removed. Faults in 

heavily loaded lines are more likely to cause instability than fault in lightly loaded lines [10]. 

This, because they tend to produce more acceleration during a fault.  

 

 
Figure 1. Types of Power System Stability. 

 

 

Three phase faults produce accelerations greater than those involving single or two-phase 

conductors. Faults not cleared by an initial fault produce more angle deviations in nearby 

generators. The backup fault clearance is performed after a time delay and thus produces heavy 

fluctuations [11]. Large load loss or main generating station results in major system disturbance. 

In transient stability, various influence factors have to be taken into account, such as generator 

inertia, generator load, generator output. However, it depends on fault location and fault type, 

fault clearance time, transmission system reactance after fault, generator reactance, and 

generator internal voltage size [12]. This depends on the excitation of the field, i.e. the power 

factor of the transmitted power at the generator stations, and the magnitude of the infinite 

voltage of the bus [13]. 

 

 

3.  THEORITICAL STUDY FOR TRANSIENT STABILITY 

 

Transient stability is disturbances that occur for a very short time in electrical. In transient 

to occur, there has to be a cause like some of the most common causes related to atmospheric 

phenomena like lightning, solar flares, in addition leads switching, fault currents interruption, 

switching power lines, and capacitor bank switching [14]. The power system consists of a 

number of synchronous devices that operate simultaneously under all operating conditions. 

Under normal conditions, the relative position of the rotor axis and the axis of the resulting 

magnetic field are fixed.  

The angle between the two is known as power angle or torque angle [15]. During any 

disturbance, the rotor decelerates or accelerates with respect to the synchronously rotating air 

gap mmf, creating relative motion. The power exchange between the mechanical rotor and the 

electrical network due to the rotor acceleration and deceleration is called an inertial response. 

The circuit is quickly restored to the original operation under the condition that no damage 

occur (see Figure 2). 
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Figure 2. Generation Unit. 

 

 

 
 

Figure 3. Simple Model of a Generator Connected to an Infinite Bus. 
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In a synchronous machine, the prime mover exerts a mechanical torque 𝑇𝑚 on the shaft 

of the machine and the machine produces an electromagnetic torque 𝑇𝑒 [16]. If, as a result of a 

disturbance, the mechanical torque is greater than the electromagnetic torque, an accelerating 

torque 𝑇𝑎 exists and is given by equation 1: 

 

𝑇𝑎 = 𝑇𝑚 − 𝑇𝑒                                                           (1) 

 

By ignores the other torques caused by friction, core loss, and windage in the machine. 𝑇𝑎 

has the effect of accelerating the machine, which has an inertia J (kg𝑚2) made up of the inertia 

of the generator and the prime mover and therefore: 

 

𝐽
𝑑𝑤𝑚

𝑑𝑡
 = 𝑇𝑎 = 𝑇𝑚−𝑇𝑒                                                (2) 

 

where t represents the time in seconds and 𝑤𝑚 is denoted for angular velocity of the machine 

rotor in mechanical rad/s [17]. It is common practice to express this equation in terms of the 

inertia constant H of the machine.  

A simple model of a single generator connected to an infinite bus through a transmission 

system is shown in Figure 3. The model can be reduced as shown by replacing the generator 

with constant voltage behind a transient reactance (classical model). It is well known that there 

is a maximum power that can be transmitted to the infinite bus in such a network [18]. The 

relationship between the electrical power of the generator  𝑝𝑒 and the rotor angle of the machine 

d is given by equation 3.  

 

𝑝𝑒 =
𝐸`𝐸𝐵 

𝑋𝑇
sin 𝛿 = 𝑝𝑚𝑎𝑥  sin 𝛿                                           (3) 

 

𝑝𝑚𝑎𝑥 =
𝐸`𝐸𝐵  

𝑋𝑇
                                                      (4) 

 

An increase in  𝑋𝑇  leads to reduction in 𝑝𝑚𝑎𝑥 . It observed that for the same mechanical 

input (Pm1), the situation with one line removed causes an increase in rotor angle to  𝛿 [19]. 

 

 

4.  TRANSIENT STABILITY IMPROVEMENT METHOD 

 

The transient stability is defined as the ability of a power system to maintain the 

generators in synchronism and reach acceptable steady-state operating conditions when 

subjected to large disturbances such as short circuits, loss of large generating units, loss of 

critical network branches, or large load variations [20]. The system data collected, includes 

generators' parameters, network impedances, loads, control parameters and settings, various 

constraints and limits, relay settings. All this information must be provided to the transient 

stability analysis software [21].  

 

 



World Scientific News 158 (2021) 267-284 

 

 

-272- 

A. High Speed Fault Clearing 

Since the amount of kinetic energy gained during a fault is directly proportional to the 

duration of the fault, the error elimination is faster in stability. Fast acting circuit breakers 

eliminate fault in two cycles through better contact and fast acting relays [22]. 

 

B. Dynamic Braking 

While a fault occurs, the mechanical power input to the generator is greater than the 

output electrical power which will accelerate the generator rotor. Alternatively, the excess 

energy available due to the mismatch between the input and output forces can be absorbed by 

the resistors, which can be connected to the generator terminals during the fault [23]. These are 

called throttle resistors because they will reduce the rotor acceleration by absorbing the excess 

energy. The disadvantage is that energy is lost in the form of heat dissipation of the resistors. 

 

C.  Single switching 

Instead of tripping all three phases and then re-closing each simultaneously, each phase 

can be tripped and re-closed from 0.5 to 1.5 seconds. So that another two phases are still 

operating in the event of a single line to ground fault because they are the most common faults 

[24] 

 

D. Independent Operation of Circuit Breakers 

Instead of switching out all the three phases for every fault only the faulted phase may be 

switched out. This will significantly improve the stability [25]. 

 

E. Fast valve operation 

The steam valves operate in a specific manner to reduce the power of the generator 

accelerated or slow after receiving serious failure in the transmission system. This technology 

can be used on thermal modules to help maintain the stability of the power system [25].  

 

 

5.  CASE STUDY: GARRI POWER STATIONS PLANT SIMULATION MODEL 

 

The main objective of this paper is to study the transient stability for GARRI power 

stations plant (1, 2 and 4), 11 kV and 220 kV bus bars using (ETAP 12.6) simulation program. 

Power system analysis program (ETAP12.6) is used to determine the fault levels network using 

parameters provided by GARRI power stations plant. The simulation model in ETAP for the 

study system is shown in Figure 4. In the simulation, we conduct the load flow analysis of the 

whole system. When running load flow using ETAP, it’s found that all buses are regulated and 

no buses are under voltage or over voltage problems. Similarly, no generators are overloaded 

and also other protecting instruments. The minimum voltage occurred is only at 11kV buses 

that are about 92%. 

The Load flow studies have been performed at various monitoring points using ETAP, in 

which Newton–Raphson (NR) method is used. Here number of iterations used is 99. Transient 

stability analysis is analyzing whether the system is stable under severe disturbances or it loses 

synchronism or not during faulty conditions.  
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Figure 4. Simulation model in ETAP 
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First, we are applying a line to ground fault at main bus of GARRI at 0.02 sec and clearing 

the fault at 3 sec. This continuous till it becomes unstable. Second, we are applying a line to 

ground fault at main bus of GARRI at Creating an event in ETAP at t = 0.2 sec and clearing the 

fault at t = 0.4 sec using Newton-Raphson method with 99 iterations. This continuous till it 

becomes stable. 

 

 

6.  SIMULATION RESULTS AND DISCUSSION  

 

In case 1, the fault is occurred at t = 0.2 sec and cleared at time t = 0.4 sec. The system is 

found to be stable. The second case 2, where the fault is occurred at t = 0.02 sec and cleared at 

time t = 3 sec, the system is unstable (Tables q = 1 and 2). These results are for all generation 

in the main bus-bar in GARRI power stations plant. The calculations are conducted in different 

units as follows.  

In all units, these are: Gen 1, Gen 3, Gen 4, Gen 5, Gen 7, Gen 8, and Gen 10.  

 

Table 1. Case 1 Fault Occurrence. 

 

Fault Cleared 

t = 0.2 sec t = 0.4 sec 

 

 

Table 2. Case 2 Fault Occurrence. 

 

Fault Cleared 

t = 0.02 sec t = 3 sec 

 

 

A. CASE 1: 35 MW Gas Units 

The gas turbine installations are thermal machineries that convert the chemical energy, 

stored in the primary fuel, into mechanical energy. The working fluid used in this case is a gas 

(air, carbon dioxide, helium etc.) and change to electrical energy. Fault occur at t = 0.2 sec and 

clear the fault at t = 0.4 sec the fault is cleared by tripping the faulty element but without 

changing the equivalent network impedance but in the second (Figure 6), we find that the Fault 

occur at t = 0.02 sec and clear the fault at t = 3 sec the system is becoming unstable. 

 

Table 3. 35 MW Gas Unit Stability. 

 

Cleared time System 

t ≤ 0.4 sec stable 

t > 0.4 sec unstable 
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Figure 5. Load angles Vs Time for 35 MW Gas Unit Stable system. 
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Figure 6. Load angles Vs Time for 35 MW Gas Unit Unstable system. 
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Figure 7. Load angles Vs Time for 30 MW Steam Unit Stable system 
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Figure 8. Load angles Vs Time for 30 MW Steam Unit Unstable system 
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Figure 9. Load angles Vs Time for 55 MW Steam Unit Stable system 
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Figure 10. Load angles Vs Time for 55 MW Steam Unit Unstable system 
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B. CASE 2: 30 MW Steam Units 

The steam turbine, converts stored energy of high pressure and high temperature steam 

into rotating energy, which is in turn converted into electrical energy by the generator. The heat 

source for the boiler supplying the steam is furnace fired by fossil fuel (coal, oil or gas). There 

are: Gen 2, Gen 5, Gen 9, and Gen 12. We can determine the fault clearing time corresponding 

to the load angle, when the Fault occur at t = 0.2 sec and clear this fault at t = 0.4 sec, we find 

that the system is stable. Otherwise when the fault is occurring at t = 0.02 sec, and clear this 

fault at t=3sec, the system is becoming unstable (see Figures 7 & 8). 

 

Table 4. 30 MW Steam Unit Stability. 

 

Cleared time System 

t ≤ 0.4 sec stable 

t > 0.4 sec unstable 

 

 

C. CASE 3: 55 MW Steam Units 

In this unite, we find the deferent figure shape not seem to the above unite. In this case, 

we notice that the load angle is in the positive vertical direction when malfunction occurs in 

time 0.2 sec and even when this malfunction is removed at time = 0.4 sec. Also, we notice that 

when the fault is happening in t = 0.02 sec, the load angle is approximately in positive direction 

until we remove fault at t = 3 sec. 

 

Table 5. 55 MW Steam Unit Stability. 

 

Cleared time System 

t ≤ 0.4 sec stable 

t > 0.4 sec unstable 

 

 

From the about figures, we notice that in 35 MW Gas Units, the system is found to be 

stable when fault is cleared for time t ≤ 0.4 sec and the system is unstable when fault is cleared 

in time t > 0.4. In 30 MW Steam Units, the system is found to be stable when fault is cleared 

for t ≤ 0.4 sec for the first method and the system is unstable when fault is cleared in time  

t > 0.4 sec. In 55 MW Steam Units, the system is found to be stable when fault is cleared for  

t ≤ 0.4 second for the first method and the system is unstable when fault is cleared in time  

t > 0.4 sec. From this case study, we find that for the stable operation the turbine must have a 

power-speed characteristic such that as the speed increases the mechanical input power reduces. 

Similarly, a decrease in speed should result in an increase in the mechanical Power. This will 

restore the balance between the electrical output power and mechanical input power (see 

Figures 9 & 10). 
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The output of this case study, the oscillations are damped out within < 0.4 Sec after the 

occurrence of the disturbance and the system is stable. We notice that the different between Gas 

unit and Steam unit is when the fault is cleared (damped the oscillation) t > 0.4 the unit is 

becoming unstable we find that in Gas unit we can’t make restart to the unit until the speed is 

becoming zero, but the opposite is occurring in the steam unit, we can repair the damped when 

the speed between (1700-2000 rpm) before reach zero speed. This shows that in damping 

oscillations for the fault in the steam unit, we can control by the governor also control the 

boiling water. Finally, we can decrease all of this problem by increasing the cooling and 

decreasing the loading. Table 6 Shows the comparison study between the three types of 

generation units and stability performance in use for GARRI Power Stations Plant (1, 2 and 4) 

in Sudan. 

 

Table 6. System Units Stability Performance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

7.  CONCLUSION AND FUTURE WORK  

 

The study case is presents load angle method to transient stability problem for multi-

machine system. The ETAP program is used to simulate the above method to study transient 

stability. Transient stability for GARRI power stations plant (1,2 and 4) using ETAP simulation 

program for 220 kv main bus-bar in GARRI founded that after case study, case 1 fault at t = 0.2 

sec, and cleared the fault at t = 0.4 sec the system is stable, case 2 when the same fault cleared 

at t = 3 sec. The system is unstable. Finally, GARI power station plant, can use this study to 

develop protection system, make review for setting system and recover all the unit. 

For future work, there are suggestions to consider the use of NE plan program software 

for simulation and result. Investigates on load current, speed and power vs time. Protection and 

control, operating strategy, control settings of equipment i.e. power system stabilizer, relay 

settings, load shedding schemes etc., based on various study cases are considered as one of the 

vital topics that must be taken into account in an analysis of power stations system stability.  

In addition, as the manual and traditional numerical analysis methods for power system 

stability characteristics are inefficient and probable to results errors. And it is possible to avoid 

Turbine 

Fault time 

cleared 

(Sec) 

System 

Stability 
Speed 

35 MW gas 

unit 

t ≤ 0.4 Stable Increase 

t > 0.4 unstable 
Decrease / can’t restart until reach 

zero 

30 MW 

steam unit 

t ≤ 0.4 Stable Increase 

t > 0.4 unstable Repair damping before reach zero 

55 MW 

steam unit 

t ≤ 0.4 Stable Increase 

t > 0.4 unstable 
Repair damping before reach zero 

[1700-2000 rpm] 
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some intangible processes in the power system as shown during the study. Therefore, the future 

study also aims to use a Machine Learning (ML) mechanism to evaluate the transient stability 

of the proposed power system in order to analyze the simulation data and know the 

characteristics related to the stability of the power grid and improve the operating mode 

determinant. 
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