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ABSTRACT 
     It has become an important task for many voltage stability studies to find a 
voltage stability index. The voltage stability indices provide reliable information 
about proximity of voltage instability in a power system. In this paper, the L 
indicator has been proposed, which aims to detect the weakest load buses in the 
electrical power networks. The L indicator has been checked by its application to 
the (WSCC 9-bus and IEEE 14-bus) test systems. Finally, the proposed indicator 
has been applied to the Iraqi power grid (400 kV) considering different 
contingencies, such as lines outage, generated power reduction and loading 
increase. The short computation time of this indicator and its efficient detection of 
the weakest load buses in the Iraqi power grid, allow the operators to apply it in on-
line voltage stability monitoring based on measurements. 

Keywords: steady state voltage stability, voltage collapse, voltage stability indices 
and L indicator. 

  دراسة أستقرارية الفولتية لشبكة القدرة العراقية
  الخلاصة

أن أيجاد دليل لأستقرارية الفولتية في العديد من الدراسات المتعلقة في أستقرارية الفولتية قـد   
أن هذه الدلائل تعطي معلومات وثيقة عن مدى اقتراب نظام القدرة . أصبح من المهام الضرورية
يهدف إلـى ، والذي)L indicator(في هذا البحث، تم اقتراح الدليل . من عدم أستقرارية الفولتية

 L(لقد تم التحقق من الـدليل  . الكشف عن قضبان الأحمال الضعيفة في شبكات القدرة الكهربائية
indicator ( بتطبيقه على منظومتي الاختبار)WSCC 9-bus ( و)IEEE 14-bus .( أخيراً، تم

أخذ بعـض مع) كيلو فولت 400(تطبيق الدليل المقترح على شبكة القدرة العراقية فائقة الفولتية 
الحالات الطارئة بنظر الاعتبار كخروج خط نقل من الخدمة وحدوث نقص في توليـد القـدرة و

أن زمن الحساب القصير لهذا الدليل وكفاءته في تشخيص العقد الضعيفة لشـبكة. زيادة الأحمال
إعتمـاداً علـى القدرة الكهربائية العراقية تتيح للمشغلين بتطبيقه لمراقبة أستقرارية الفولتية آنيـاً 
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INTRODUCTION 
o operate the system with an adequate security margin, it is essential to
estimate the voltage stability margin corresponding to the given 
operating point. The main problem here is that the maximum permissible 

loading of the transmission system is not a fixed quantity. It depends on various 
factors such as network topology, availability of reactive power support, generation 
and load patterns etc. All these factors continuously vary with time. Voltage 
magnitude alone cannot be used as an indicator of instability [1]. 
         An accurate knowledge of how close the actual system’s operating point is 
from the voltage stability limit is crucial to operators. Therefore, to find a voltage 
stability index has become an important task for many voltage stability studies. 
These indices provide reliable information about proximity of voltage instability in 
a power system. Some of the most common voltage stability indices are PV and 
QV curves [2], eigenvalues decomposition [3], singular values [4, 5], L indicator 
[6], dS dY⁄ index [7], Voltage  Collapse Proximity Indicator VCPI [8], performance 
index PI [9],  etc.  
        It is necessary to choose a fast and simple indicator which at the expense of 
accuracy can be applied to the power system on-line to predict the voltage 
instability or the proximity of a collapse. 
          However, the L indicator (or L index) which is derived from the basic 
Kirchhoff laws has a simple formulation. The advantage of the L indicator method 
lies in the simple numerical calculation and strong adaptation in steady state and 
transient process. Through this indicator of voltage stability, it is easy to find the 
most vulnerable area in a power system. In addition, the L indicator has a very 
short computation time, so it is more suitable for on-line voltage stability 
monitoring based on measurements [10]. 

VOLTAGE STABILITY ASSESSMENT USING L INDICATOR  
         The L indicator proposed by P. Kessel and H. Glavitsch in [6] varies in the 
range between zero (no load) and one (voltage collapse). Load flow solutions with 
a stability L indicator close to 1 are also close to singularities of the Jacobian. The 
calculation of the L indicator is based on the basic Kirchhoff-laws.  
         The L indicator that describes the voltage stability of a load bus j is given by: 

L = S  ∗V  ∗ Y  … (1) 
Where Y    : the inverse of Z    which can be obtained from the partial inversion of the Y-
matrix. S    ∗ : the apparent load power at bus j itself and the contribution of other load 
buses connected to it, which can be calculated from the following equation: S    ∗ = S ∗ +  β       … (2) 

T
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Where, β =  Z   Z   S ∗V ∗ ∈      V ∗                            … (3) 

 
          For the system, the vulnerable load bus must have the maximum L indicator 
value. 
 

Lsystem = Max( Li )                        ... (4) 
 
Where  i ∈ Load              
 
        For large power system, the Newton-Raphson method is found to be the most 
efficient and practical. The number of iterations required to obtain a solution is 
independent of the system size, but more functional evaluations are required at 
each iteration. The polar form of the power flow Newton-Raphson formulation is 
[11]: 
  ∆P∆Q =  J  J  J  J     ∆δ∆V               … (5) 

 
        In this work, the required data for N-R program are bus data and line data, 
which are needed to perform repeated load flow solution in order to obtain voltage, 
phase, active and reactive power of the system load buses. 
 
CASE STUDIED RESULTS AND DISCUSSION 
     In this section, two test systems have been considered: the WSCC 9-bus and 
IEEE 14-bus test systems. The one line diagram of the WSCC 9-bus test system is 
shows in Fig. (1), the bus data and line data of this system are given in [12]. The 
simulation has been done with a MATLAB-based Power flow program solution by 
Newton-Raphson method (MATLAB version 7.9). The flow chart that used for the 
simulation has been given in Fig. (2).  
      The validity of this indicator has been verified by comparing the simulated 
result for bus 5 of the WSCC 9-bus test system with reference [12] as shown in 
Fig. (3), where very close results have been obtained. The L indicators of bus 5, 7 
and 9 have been plotted together with individual loading increase, as shown in Fig. 
(4). It  has been noticed that bus 5 is the most vulnerable load bus in this system, 
because it has the maximum indicator values as compared with other load buses. 
    The IEEE 14-bus test system also has been studied to ensure the validity of this 
indicator to detect the weakest load bus. The on line diagram is shown in Fig. (5), 
the line data and bus data of this network are given in [13]. Fig. (6) shows the 
simulated plots of L indicators for all load buses with individual loading increase. 
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The simulated plots show that bus 14 is the weakest load bus, because it has the 
maximum indicator values as compared with other load buses. 
THE IRAQI POWER GRID (400 KV) CASE STUDY 
         In this section, the application of the L indicator has been studied to the Iraqi 
power grid (400 kV), considering different contingencies (loading increase, line 
outage and reduction in the generated power). Fig. (7) shows a configuration of 
this network. The bus data and line data are given in table (1) and table (2), 
respectively [14]. 
         The results have been obtained considering two constraints through loading 
increase: 

• The slack bus (MUSP) power must not exceed the maximum generation 
limit (1200 MW). 

• The voltage magnitude at load buses must not decrease below 0.9 p.u. 
Notes: 
v The load has been increased at the load buses in each case with constant 

power factor of (0.86). 
v The two constraints are considered for cases 2 and 3 only. 

 
CASES STUDIED 
Case 1: 
a) Increasing load at all load buses individually from zero to the collapse point. 
Fig. (8) shows the plots of indicator curves for all load buses. The results obtained 
in this case show that buses 16 (QIM4), 23 (KUT4) and 24 (AMR4) are the 
weakest load buses, because they have the maximum L indicator values. 
         The weakest buses 16 (QIM4), 23 (KUT4) and 24 (AMR4) have been plotted 
together in Fig. (9). It can be noticed that buses 16, 23 and 24 have the lowest self 
admittance values Y   as compared with other load buses; this will restrict the 
power transferred to these load buses through transmission lines that connected to 
them, so their L indicator values will be increased. As a result, they become the 
weakest load buses in the Iraqi power grid (400 kV). 
 
Case 2: 
         Increasing load at each load bus individually from zero to the point at which 
one of the two constraints has been violated, adding the effect of lines outage to the 
resulting indicator values. Table (3) shows the simulated results.    
 
Case 3: 
         Repeat case 2, adding the effect of generated power reduction of one voltage-
controlled bus to 75% of its nominal value. The simulated results are shown in 
table (4). It can be noticed that the Iraqi power grid system is heavily loaded, so 
any more reduction in the generated power at one PV bus below 75% will make 
the slack bus (MUSP) unable to meet the loading increase that occurs at the load 
buses.    

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


  Eng. & Tech. Journal, Vol.30, No. 2, 2012                                     Voltage Stability Study of  
                                                                                                                 The Iraqi Power Grid 
                                                                                                 
  

 

316 
 

         Results of cases 2 and 3 show that bus 23 (KUT4) is the weakest load bus, 
because they have the maximum L indicator values with minimum voltage 
magnitudes. This is attributed to the same reasons mentioned in case 1. 
 
CONCLUSIONS 

The conclusions from this work can be summarized as follows: 
1) A voltage stability indicator has been implemented, which has been used to 
detect the weakest load buses in the electrical networks. 
2) The L indicator algorithm has been verified by its implementation to the WSCC 
9-bus and IEEE 14-bus  test systems to detect the weakest load buses. The results 
conform theses of reference [12]. 
3) The application of the L indicator to the Iraqi power grid (400 kV) has been 
studied. Many contingencies have been considered, lines outage, generated power 
reduction and loading power increase. The weakest load bus has been determined 
successfully at each case. 
4) All the results obtained from system simulation show the ability of L indicator 
to detect the weakest load bus in the electrical networks. In addition, the short 
computation time and the simple formulation of the indicator will enable it to be 
used in the on-line voltage stability monitoring. 
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Figure (2): Flow chart of L indicator calculation. 

Figure (1):The one line diagram of WSCC 9-bus 
test system 
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(a)                                                                  (b) 
 

Figure (3): Results comparison of bus 5 (WSCC 9-bus) : (a) Result 
of reference [12], (b) Simulated result 

 
 
 
 

      
 
 
 
 

Figure (5): The one line diagram of 
IEEE 14-bus test system  

   Figure (4): Indicator curves of 
buses 5, 7 and 9 (WSCC 9-bus) with 

individual increased loading. 
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Figure (6): Indicator curves of all load buses (IEEE 14-bus) with 
individual loading. 

Table (1): bus data of the Iraqi power grid (400 kV) 
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Table (2): line data of the Iraqi power grid (400 kV) 
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 Figure (8): Indicator curves of all load buses with 

individual loading increase  

Figure (7): configuration of the Iraqi super power grid (400 
kV) 
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Figure (9): Indicator curves of the weakest 
load buses with individual loading increase   

Table (3): The effect of lines' outage on the resulting L 
indicator 
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Table (4): The effect of generated power reduction on the resulting 
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