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Abstract— Power System stability deals with stable operation of a 

power system during various operating conditions. Power system 

security involves practices suitably designed to keep the system in 

operation when a line or a generator or any other equipment in 

the system fails. Contingency analysis being a major component 

of the security function in power system, there are standardized 

parameters to check system security. In this paper an offline 

method is presented for security assessment with load flow 

analysis to obtain the security indicators for power lines of a 

multi bus power network. Generator loss as well as line trip has 

been simulated and multiple separate contingencies have been 

investigated in order to check the security of the assumed 

systems. Static security analysis has been conducted using two 

very popular security indicators e.g. the line outage factor (LOF) 

and voltage security factor (VSF). It has been observed that in 

any multi bus power system it is possible to check these two 

indicators following any contingency and subsequently it is 

possible to rank the lines accordingly as per their security level.  
 
Key words— Contingency, Line outage factor, Security 

analysis, Stability, Voltage security factor.  

 

I. INTRODUCTION 
TABILITY is an important constraint in power system 
operation. Most system stability problems occur in 

response to large disturbances under heavy load conditions 
[1]. One of the major problems associated with such a stressed 
system is system blackout or system collapse. There are many 
incidents of system blackout, reported [2]. The term system 
security means the ability of a system not only to operate 
stably but also to remain stable following credible 
contingencies or adverse system changes [2]. If the system is 
unstable, the system must be insecure [3].  
Analysis of the security of power system deals with quasi-
static approach and in present day technology this is the only 
practical approach and computationally feasible. 
An important part of security study is that a particular system 
state is said to be secure only with reference to one or more 
specific contingencies cases, and a given set of quantities 
                                                           

  
 

monitored for violation. Most power systems are operated in 
such a way that any single contingency will not leave other 
components heavily over loaded, so that cascading failures are 
avoided [4]. In scientific literatures, there is strong evidence of 
investigation of power system security since 80’s of the last 
century [5-19]. Most of these research publications are related 
with direct investigation in to the security aspect of the power 
system. In some of these publications attempts have been 
made secured indicators. 

 

II. LOAD-FLOW PROBLEM 
Load-flow solutions are basic tools in most kind of power 

system analysis studies. In order to ensure the convergence 
and simplify computation, all buses are classified as PV bus, 
PQ bus and Slack bus. Load flow techniques provide basic 
calculation procedure in order to determine the characteristics 
of power system under steady state operating mode.  The 
effects of uncertainties on the steady-state behavior of power 
systems can be evaluated by a stochastic or probabilistic load 
flow (PLF) analysis. Load-flow is an essential tool for the 
study of radial distribution systems (RDS). The inputs to load-
flow solutions are subject to uncertainties due to load and line 
parameter variations. Usually these techniques are off-line and 
involve computers for solving steady state load flow equations 
(SLFE). For SLFE solution, all the state and control variables 
must lie within specified practical limits, which are dictated by 
specifications of power system hardware and operating 
constraints [19].    

 The load-flow problem is formulated assuming the power 
system network to be linear, bilateral and balanced and having 
lumped parameters. However, the power and voltage 
constraints impose non-linearity in the load-flow formulation 
and this invites the help of iterative techniques for solution. 
Load- flow solution techniques solve a set of simultaneous 
non linear algebraic equations involving trigonometric 
functions. There are two unknown variables at each node in a 
system. The iteration cycle is terminated when the bus 
voltages and angles are such that the specified condition of 
load and generation are satisfied. Load-flow calculations 
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usually employ iterative techniques such as Gauss-Seidel, 
Newton-Raphson and Fast-Decoupled Load Flow (FDLF) 
methods [20].  

 

III. SECURITY ANALYSIS AND CONTINGENCY 
EVALUATION 

Under normal operating conditions a power system may 
face the contingencies of: 1. Loss of generating unit, 2. 
Sudden loss of a load,  3. Sudden change in flow in an inter-
tie, 4. Outage of a transmission line, 5. Outage of a 
transformer, 6. Outage of a shunt capacitor or reactor, and 7. 
Single phase or three-phase fault. The outage may be either 
network outage or power outage. Contingency would reduce 
the security level. The contingencies in the distribution or sub-
transmission levels may also lead the system to another state 
with lesser security. A system operator has to analyse the 
effect of such highly probable contingencies so that the 
operator may take corrective action in the event of their 
occurrence. The security assessment and its enhancement form 
an important part of planning and operation of power systems 
that are continuously expanding. Complete system security 
involves system prediction, system contingency evaluation, 
system corrective strategy and automatic control. 

                              

IV. CONTINGENCY SELECTION 
We would like to get some measure as to how much a 

particular outage might affect the power system. The idea of a 
performance index seems to fulfill this need. The definition 
for the overload performance index (PI) is as follows: 

 
  PI =  ∑       (Pflow l  / Pmax  )2n    
   all branches 
                                 l 
If n is a large number, the PI will be a small if all flows are 

within limit, and it will be large if one or more lines are 
overloaded. To complete the security analysis, the PI list is 
sorted so that the largest PI appears at the top. The security 
analysis can then start by executing full power flows with the 
case which is at the top of the list, then solve the case which is 
second, and so on down the list. This continues until either a 
fixed number of cases are solved, or until a predetermined 
number of cases are solved which do not have any alarms.  

 

V. SIMULATION AND RESULT 
An offline study has been done for security analysis as well 

as contingency analysis. Load-flow analysis has been used to 
obtain the security indicators, Line Outage Factor (LOF) and 
Voltage Security Factor (VSF), for power lines in a multi bus 
power network. The power network, which has been used for 
the analysis, is shown in appendix. The analysis is done by 
tripping generators and lines. Here generator 3, generator 4, 
line 1 and line 4 are removed and corresponding LOF and 
VSF are recorded to check the security of the lines. Results are 

shown accordingly in table-I, table-II and table-III.  
 
 
Table-I  

 
 

The order of security level of different lines while active 
power is concerned for the removal of Generator 3 is given by 
L8 < L1 < L43 < L44 < L5 < L4 < L3 < L6 < L2 < L7. Here 
Line 8 is least secure and Line7 is most secure. The security 
level of Line1 is slightly better than Line8. Here Line 8 is 
most contingent and Line 7 is least contingent. The rank of 
line 8 is at the bottom position and Line 7 at the top.  

The order of security level of different lines while active 
power is concerned for the removal of Generator 4 is given by 
L4 < L2, L5, L44, L8 < L3< L6 < L1 < L43 < L7. Here Line 4 
is least secure. But the security level according to recorded 
data of Line 2, Line 5, Line 8 and Line 44 are same. Moreover 
Line 7 is most secure. Here Line 7 is least contingent. The 
rank of Line 7 is at the top level. 

 The effect of removal of generator 3 is most severe for line 
8 than the removal of generator 4.  But line 2 is much more 
secure for the removal of generator 3 than the removal of 
generator 4. The security level of line 7 remains same 
irrespective of the removal of generator 3 and generator 4. 

Security level when reactive power is considered for the 
removal of Generator 3 is given by  

L5  <  L8  <  L44  <  L43  <  L4  <  L6  <  L7  <  L3 <  L1 <  
L2. Here line 5 is least secure and line 2 is most secure. 

Security level when reactive power is considered for the 
removal of Generator 4 is given by  

  L5 < L44, L43, L8 < L4 < L6 < L2 < L7 < L3 < L1.  
 Here also the security level of line 8, line 43 & line 44 are 

same.  So line 5 is least secure and line 1 is most secure.  
 
 
 
 
Table-II 
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While active power is considered, the order of security level 

of the remaining lines after the removal of line 1 is,  
L7 < L6 < L2 < L3 < L43 < L44 < L5 < L4 < L8. 
  When reactive power is concerned, the order of security 

level is, 
 L3 < L4 < L6 < L44 < L43 < L8 < L5 < L7 < L2. 
 Line 8 is most secure and Line 7 is least secure when active 

power is considered. Line 2 is most secure and Line 3 is least 
secure when reactive power is considered. While active power 
is concerned Line 8 is least contingent and Line 7 is most 
contingent. Line 2 is least contingent and Line 3 is most 
contingent when reactive power is considered.  

While line 4 is removed, the order of security level of active 
power and reactive power flows are,  

L2 < L3 < L7 < L6 < L1 < L44 < L43 < L5 < L8 
---------------- for active power. 

L8 < L5 < L6 < L43 < L44 < L2 < L1 < L3 < L7 
---------------- for reactive power. 

Line 5 is most secure and Line 2 is least secure when active 
power is considered. Line 7 is most secure and Line 8 is least 
secure when active power is considered. Line 5 is least 
contingent and Line 2 is most contingent when active power is 
considered. Line 7 is least contingent and Line 8 is most 
contingent when reactive power is considered. Again the 
security level of line 2 is poor for the removal of line 1and line 
4 while active power is concerned.  

While considering the reactive power, the security level of 
line 7 is good for the removal of any one of the lines. Line 8 is 
most secure for the removal of line 1 & 4 while active power 
is concerned. The security level of line 6 is deteriorating for 
the removal of line 1 and line 4 respectively while active 
power flow is concerned. 

 
 
 
 
Table-III 

 
 
The order of voltage security level of the buses, when 

generator 3 is removed, is as follows – 
Bus3 < Bus2 < Bus6 < Bus5 < Bus7, Bus10, Bus11 < Bus4 

< Bus1, Bus12. Here Bus 3 is the least secure.  
If case I and case II are compared then it can be concluded 

that Bus 3 is comparatively less voltage secure for the removal 
of generator 3 than the removal of generator 4 but it becomes 
more contingent for the removal of generator 3. 

The orders of voltage security level of the buses, when 
generator 5 is removed, are as follows – 

 Bus12 < Bus10 < Bus7, Bus11 < Bus5 < Bus6 < Bus4 < 
Bus1, Bus3 < Bus2.  Here Bus 12 is less secure than the 
others.  

The orders of voltage security level of the buses, when line 
1 is removed, are as follows –  

Bus2 < Bus7, Bus11 < Bus6 < Bus5 <Bus10 < Bus4 < 
Bus1, Bus3, Bus12. 

Here Bus 2 is less voltage secure than the other buses & 
Bus 1, Bus 3 & Bus 12 are most voltage securing. 

The order of voltage security level of the buses, when line 4 
is removed, is as follows – 

Bus4 < Bus1, Bus3, Bus12 < Bus2 < Bus6 < Bus7, Bus11 < 
Bus10 < Bus5 

Bus 4 is least voltage secure & Bus 5 is most voltage 
secure. 

If case IV and case V are compared then it can be 
concluded that Bus 2 is comparatively less voltage secure for 
the removal of line 1 than the removal of line 4 but it becomes 
more contingent for the removal of line1. 
 

VI. CONCLUSION 
The objectives of system stability are to monitor and 
ultimately control the stability during power system operation. 
Continuity of service in case of contingency affecting the 
system can only be guaranteed if certain conditions are 
fulfilled in terms of system structure on the one hand and in 
terms of organizations of the system on the other. In this paper 
we have presented an offline simulation study for security 
analysis of a multi bus power network. Power system stability 
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as well as security analysis can be precisely and automatically 
estimated. Security and contingency analysis can be done by 
finding LOF and VSF, the two commonly used stability 
indicators. The LOF and VSF can be found for each and every 
line. The results of this type of analysis allow systems to be 
operated defensively. So in any power system when instability 
occurs for the failure of generators or lines or any other 

equipment, immediate action can be taken by analyzing 
system security.  

.                                                         APPENDIX 
The power network used by us for the preparation of this   

paper is given below in Fig. 1. 

   

 

FIG. 1: POWER NETWORK 
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