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A Simple Novel Method for Considering Static Voltage Stability Indicator in a Power System
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Abstract - The voltage stability is the ability of the power system to provide adequate reactive power under all operating conditions and to maintain stable load voltage magnitude within specified operating limits. The voltage instability leading to collapse appears to be due to the inability of networks to meet a demand for reactive power at certain critical or weak buses. It can be recognized by noting excessive fall in voltage for small increase in load and increasing difficulty in controlling system voltage. Therefore voltage collapse prediction must take in consideration in power system planning and operation. In this paper a novel indicator from a parallel algorithm will be presented to predict the voltage instability or the proximity of a collapse. The indicator uses the obtained data of a normal load flow to identify the weak buses in the power system. This method has carried out over changing the load power factor. Obtained results for the IEEE 5 bus system considering the effects of STATCOM on voltage stability are presented and discussed.
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1. Introduction
Voltage instability problem is one of the major problems facing the electric power utilities in many countries. It is also a main concern in power system operation and planning [1]. The problem of voltage instability can be explained as the ability of a power system to maintain steady acceptable voltages at all buses in the system at normal operating conditions and after being subjected to a disturbance [3]. Voltage collapse is the result of a sequence of events that leading to decrease of the system voltage profile which  starts gradually and then decreases rapidly suddenly in a major part of the power system [2]. It has been found that voltage magnitudes do not give a good indication of proximity to voltage stability limit [4]. There are a lot of different Indices have been proposed in [5, 6]. The effects of FACTS devices on voltage stability are presented in [7:10]. The objective of this paper is to develop a simple novel indicator from a parallel algorithm by using the obtained data of the load flow problem of large power system for considering voltage stability margin [11:14]. The proposed indicator is based on the Gauss-seidel algorithm which usually used in the solution of load flow problem and studying the effect of FACTS devices on voltage stability margin. This index of the voltage stability, which is derived from the computational techniques for voltage stability assessment, predicts the voltage problem of the system with sufficient accuracy.
2. Single Generator and Load system:

A simple power system is considered, through which the indicator of the voltage stability is derived. As shown in Fig.1, bus 1 is a generator bus and bus 2 is a load bus whose voltage behavior will be investigated. Test study will be carried out for two cases: (1) Base case, (2) when installing a STATCOM (capacitor bank) when voltage 
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Fig. 1.  Single generator and Load system
2.1 Base case
This simple system can be described by the following equations (where the dot above a letter represents a vector):
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To solve for
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Then, 
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Where: 
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 are the sending end and receiving end angle, respectively.
Separating the real and imaginary parts yields;
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From equations (4) then;
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 Solve equation (5) to obtain;
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The obtained voltage has four solutions; only two solutions have physically meaning. These two solutions corresponding to high value and low value of voltage.

The voltage at bus 2 will be collapses, if the discriminate is set equal to ‘0’;
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When the voltage collapses; 
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From equation (8), an indicator of the voltage stability will be proposed as; 
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Then, the derived indicator can be used for predicting the voltage stability problem of the system. The indicator will vary in the range between 0 (no-load of system) and 1 (the voltage at the load bus will collapse).  
One example of a single generator and load system was built to determine the proposed indicator.
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For each power factor the load at bus 2 will be changed continuously to find the collapse point of the system.
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Fig. 2. PV Curves and indicators at constant power factor
2.2 When installing a STATCOM
By installing a STATCOM in bus 2, the system loading will be increased and the system stability margin will be increased as shown in Fig.3.  
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Fig. 3. PV Curve and indicator at installing a STATCOM
3. Generalization to an N-bus System:
The results obtained from load flow study are used to deduce the novel indicator using parallel algorithm. The idea of parallel processing method starts with transformation of an n-machine system into n-equivalent single machine to equivalent bus [15]. All the buses can be divided into two categories: Generator bus (PV bus and Slack bus) and Load bus (PQ bus).  A single line diagram of the power system is considered to obtain an equivalent model, which is denoted by a single machine to equivalent bus as shown in fig.4.
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Fig. 4. A group of buses are connected to load bus (j)
The injected current at the load bus will be determined by:
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Where: 
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Rearrange the pervious equation, we obtain;
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From the equivalent bus shown in fig.5. Another formula for the injected current at load bus can be obtained, as given in equation (12)
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Fig. 5. Equivalent bus connected to load bus (j)
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Where: 
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The following equations will be derived.
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Comparing equations (11) with equations (13) respectively, the equivalent parameters will be obtained.
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Where: 
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From equations (13).
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From equations (15).
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Where: 
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Solve equation (16), the voltage will have four solutions, two of them have physical meaning. These two solutions will correspond to the high and the low value of voltage.

The voltage at the load bus j will collapse, if  
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From equation (18), the proposed indicator of the voltage stability of the load bus j will be easily obtained as;
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The indicator for the power system can be obtained by:  
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Then an indicator, which can be used for predicting the voltage stability problem of the power system, has been derived from parallel processing. Thereby, it is clear that the indicator of the voltage stability at any load bus mainly influenced by two parts: the load at bus j itself, and the ‘contributions’ of the other load buses as shown at equation (14). If the load at a load bus is changed, the indicator will be influenced; therefore the voltage stability problem is a system-wide problem and not a local one.
3.1 Case study

The proposed approach is adapted on IEEE 5-bus, with bus1 is taken as Slack bus. The system is shown in Fig.6.  
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Fig. 6. IEEE 5-bus system 
3.1.1 Case one
When the load increase at all buses. The indicator will provide that bus 5 will be collapsed. The voltage stability margin based on the computed indicator shown in fig. 7.
[image: image37.emf]0 50 100 150 200 250 300

0

0.2

0.4

0.6

0.8

1

Pj (MVA), Indicator

Vj (p.u)

 

 

bus 3

ind 3

bus 4

ind 4

bus 5

ind 5


Fig. 7. IEEE 5-bus system (case one) all loads increase

3.1.2 Case two

When the load at bus 5 increased with a constant power factor. The indicator is continuously increasing as the load increases as shown in Fig.8.
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Fig. 8. IEEE 5-bus system (case two) loads at bus 5 increase
3.1.3 Case three

The load at bus 5 will increase results a decrease in the voltage level at all buses. The indicator will provide that bus 5 is collapsed and by installing a STATCOM the voltage stability will be improved and the system loading will be increased. The system stability margin is shown in fig.9.
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Fig. 9. IEEE 5-bus system (case three) load at bus 5 increases, installing a STATCOM

4. Conclusions
A novel indicator from a parallel algorithm for considering voltage stability of the power system is presented. The indicator can predict the voltage stability problem correctly and properly by using steady-state data. Through the indicator, it is very easy to determine the weak buses of the system and the collapse point of the system can easily predicted. The using of STATCOM will improve the voltage stability and the system stability margin.
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