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Abstract- Contingency plans based on N-1 and N-2 contingencies are already very much used by utilities. Algorithms for 
analysing the contingency scenario along with state of art congestion management are developed on line and off line. This 
gives extra backup and boost to reliable operation under contingent scenario of power system. This paper envisages the 
summary of all those efforts. This paper will help utilities to put more thinking in terms of recent developments in fast and 
intelligent computing methods. The paper highlights classical research and modern trends in contingency analysis. Security 
of power system needs to be assessed based on formulated algorithms. Security parameters can be inclusive of many 
parameters such as overloading of lines or stability parameters. Accordingly security can be classified as static and dynamic. 
Steady state stability assessment of a power system pursues a two-fold objective: first to appraise the system's capability to 
withstand major contingencies, and second to suggest remedial actions, i.e. means to enhance this capability, whenever 
needed. The first objective is the concern of analysis, the second is a matter of control. The paper simulates IEEE 14 bus 
benchmark power system for security assessment based on ranking related to overload performance index. Results shows 
potential to correctly analyse the loading related issues and power system operators responsible for loading can find the 
results useful for assessment and same can be extended to dynamic parameters of stability as well using wide area 
management and synchrophasor measurement units being installed extensively in INDIA on a large scale as a near future of 
more secured power system. 
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A power system is said to be operating in a secure 
state if the system remains in a reliable, normal 
operating state for every contingency case under 
consideration [1-4]. Due to time limitation in real-
time situation, those contingency cases which are 
potentially harmful to the system must be picked out 
and detailed analyses are carried out only for these 
cases. This process of ranking the contingencies 
according to their severities is referred to as 
contingency ranking. In the process of contingency 
ranking, some fast approximate methods such as DC 
load flow or IP-IQ iteration method are employed to 
estimate post-contingent quantities (line flows, bus 
voltages) for each contingency case [5-9]. Based on 
these estimated quantities, a performance index is 
computed for each contingency and all the 
contingencies are ranked according to the values of 
the performance indices. In response to increasing 
economic and environmental pressure, many 
operators of large and complex power systems are 
seeking to extract greater efficiencies from their 
existing assets. One possible means of increasing 
efficiency is to operate assets closer to their thermal 
and stability limits. In addition to traditional offline 
day-ahead planning, this calls for use of online 
security-assessment tools which provide guidance to 
power system operators to ensure the safety of the 
system against unexpected conditions. Online 
security-assessment systems can be classified into 
two categories: static and dynamic. Static security 
assessors (SSA) are usually based on fast decoupled 
load-flow analysis and deal with steady-state-limit 
violations. 
 

 
They are in common use with modern energy 
management systems (EMS). On the other hand, a 
dynamic security assessor (DSA) requires the 
analysis of the system electromechanical dynamics 
from a snapshot taken from the power system. Either 
time domain simulation or direct-stability-assessment 
methods can be used for this purpose. Compared with 
the static counterpart, dynamic security assessment is 
more computationally intensive. Attempts to 
incorporate an industrial-scale DSA within an EMS 
would impose a very significant increase in 
computing burden on the utilities’ online computing 
resources and, as a consequence, the provision of a 
full DSA facility is rare. 
 
DYNAMIC-SECURITY ASSESSMENT 
 
The security of a power system can be defined as its 
ability to withstand a set of severe but credible 
contingencies and to survive transition to an 
acceptable new steady-state condition. In practice, 
this is assessed by detection of operating-limit 
violation and contingency analysis. Depending on the 
time scale, security monitoring is carried out on the 
basis of three models: the steady state, post-transient 
and transient stability models. Fig. 1 is an overall 
flow diagram showing the operation of the security-
assessment system. At every sampling time, real-time 
SCADA measurements are retrieved and then 
processed by the state estimator to construct a real-
time power-network model in which the best 
estimates of the current state of the system can be 
evaluated. The measured values of various elements 
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are checked against the preset operating limits and 
any violation will produce an alarm. 
 

 

 

 
 

 
 

Fig. 3     Procedures followed by the inference engine 
to derive the overall severity index  

RANKING AND PERFORMANCE INDEX 
 
The concept of contingency screening implies 
performing a set of simplified fast calculations and 
using their results to rank the severity of each 
contingency. This ranking can then be used as a basis 
of selection of contingencies which should be 
analyzed further using more CPU intensive 
algorithms. The resulting selection should ensure that 
no severe contingency is missed and, at the same 
time, the number of contingencies selected for further 
analysis is significantly reduced. The need to identify 
the definitely harmless (safe) contingencies results 
from the physical reality that a vast majority of 
contingencies in a power system does not endanger 
its integrity. 
 
MW PERFORMANCE INDEX (PI) 
 
An index for quantifying the extent of line overloads 
may be defined in terms of MW performance index:  
 

 
 
Where, 
              Pl     =  the mw flow of line l; 
p l

lim  =  the mw capacity of line l;  

              NL   = the number  of lines of the system;  
              Wl   = real non-negative weighting factor (= 
1);  
               n     = exponent of penalty function  
The performance index PI MW contains all line flows  
normalized by their limits. These normalized flows 
are raised to an even power (by setting n = 1,2,. . ..) 
thus, the use of absolute magnitude of flows is 
avoided. This index PI MW has a small value, when 
all line flows are within their limits, and a high value 
when there are lines overloads. Thus, it provides a 
measure of  the severity of line overloads for a given 
state of the power system. Here summation is carried 
out only for limit violated buses. A number of 
line/generator outages having no bus voltage 
violation and line flow violations (non-critical 
contingencies) give zero value of system performance 
index for all the load patterns. It is observed that the 
list of critical contingent cases is dynamic in nature 
depending upon the loads at various buses, i.e. a 
critical contingency may be a non-critical one at some 
other loading condition. Similarly the ranking order 
of critical contingency cases may be different at 
different loading conditions. 
 
IEEE 14 Bus Benchmark Model 
 
This system has 5 generator buses, 9 Load buses and 
20 interconnected branches, as shown in Fig.  
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In power system operation unpredictable event is 
termed as contingency. It may be caused by line 
outage in the system which could lead to entire 
system instability. Performance index computation 
would be performed in a power system by evaluating 
the power flows on different lines. The values of this 
performance index would indicate the distance to a 
particular state for a given loading condition. These 
indices are taken as an instrument that will measure 
the security status and used to rank the contingencies 
in a power system. A high contingency ranking 
implies the severe effect of a particular contingency 
to the system.  
The outage which resulted in a severe stability 
condition will be ranked high. From the contingency 
ranking table, the effect of breakdown at a line on 
MW performance index will be ranked accordingly. 
Several possible outages will be simulated in order to 
determine the contingency ranking. 
The contingency list used is based on the operational 
experience of the utility involved and is stored in the 
online database. To reduce the total assessment time, 
screening tools are commonly employed to select 
only a small subset of the full contingency list for 
evaluation. 
The effectiveness of the index is checked by 
identifying the critical elements in the IEEE 14-bus 
test system transmission network in MA TLAB 
environment. The simulation is carried out using loss 
of a transmission line at a time as the contingency and 
the index is computed in each case. Ranking is done 
base on the normalized values obtained. The highest 
index corresponds to the most critical transmission 
line with rank number 1 and in that order until the 
least critical transmission line with rank number 20. 
In general, this index proved to be effective, simple 
and less computationally demanding for dynamic 
security assessment related to overloading of lines. 
 
RESULTS WITH HELP OF POWER WORLD 
SOFTWARE 
 
PowerWorldÒ Simulator (Simulator) is a power 
system simulation package designed from the ground 
up to be user friendly and highly interactive. 
Simulator has the power for serious engineering 

analysis, but it is also so interactive and graphical that 
it can be used to explain power system operations to 
non-technical audiences. With Version 10.0we’ve 
made Simulator easier to use, yet even more powerful 
and more visual. Simulator is actually a number of 
integrated products. At its core is a comprehensive, 
robust Power Flow Solution engine capable of 
efficiently solving systems of up to 60,000 buses. 
This makes Simulator quite useful as a stand alone 
power flow analysis package. Unlike other 
commercially available power flow packages, 
however, Simulator allows the user to visualize the 
system through the use of full-color animated one line 
diagrams with full zooming and panning capability. 
Moreover, system models may be modified on the fly 
or even built from scratch using Simulator’s full-
featured graphical case editor. Transmission lines 
may be switched in or out of service, new 
transmission or generation may be added, and new 
transactions may be established, all with a few mouse 
clicks. Simulator’s extensive use of graphics and 
animation greatly increases the user’s understanding 
of system characteristics, problems, and constraints, 
as well as of how to remedy them. Simulator also 
provides a convenient medium for simulating the 
evolution of the power system over time. Load, 
generation, and interchange schedule variations over 
time may be prescribed, and the resulting changes in 
power system conditions may be visualized. This 
functionality may be useful, for example, in 
illustrating the many issues associated with industry 
restructuring. In addition to these features, Simulator 
boasts integrated economic dispatch, area transaction 
economic analysis, 
Power transfer distribution factor (PTDF) 
computation, short circuit analysis and contingency 
analysis, all accessible through a consistent and 
colorful visual interface. These features are so well 
integrated that you will be up and running within 
minutes of installation. 
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Table : Ranking based on contingency in IEEE 14 
bus model 

 Rank Name Of Line PI 
20 Line record 2-3 0.00191 
19 Line record 4-9 0.08916 
18 Line record 2-4 0.08980 
17 Line record 2-5 0.09126 
16 Line record4-5 0.09138 
15 Line record4-5 0.09138 
14 Line record 1-5 0.09144 
13 Line record 5-6 0.09144 
12 Line record 4-3 0.09144 
11 Line record 4-7 0.09144 
10 Line record 7-9 0.09144 
9 Line record 1-2 0.09144 
8 Line record 13-14 0.09144 
7 Line record 9-14 0.09144 
6 Line record 6-13 0.09145 
5 Line record10-11 0.09145 
4 Line record 12-13 0.09145 
3 Line record6-12 0.09255 
2 Line record 6-11 0.09373 
1 Line record7-8 0.09464 

 
0.001913 Minimum Line record 2-3 
0.094646 maximum Line record7-8 

 
CONCLUSION 
 
From this work state of art understanding of power 
system operation will be possible and profile of 

voltage and power flows can be analysed for various 
contingencies occurring in large interconnected 
power system. This will help in formulation of 
security states of power system. Performance index 
regarding power flows can be calculated and will help 
in estimating health of power system under various 
variable conditions of line outages or maintenance 
activities. Use of Power world Simulator is justified 
owing to its specific focus on such studies and 
integral part of software facility. Power system 
operation, control and design will be upgraded by 
exploring such research further. 
 
 

[1] [1]B. Stott, 0. Alsac, and A. J. Monticelli, “Security 
analysis and optimization,” Proc. IEEE, Vol. 75, pp. 1623-
1644, 1987 

[2] [2] C.K. Pang, F.S. Prabhakara, A.H. EI-Abiad, and A.J. 
Koivo,“Security evaluation in power systems using pattern 
recognition,”IEEE Trans. PAS, Vol. 93, pp. 969-976, 
1974. 

[3] [3] C.K. Pang, A.J. Koivo, and A.H. El-Abiad, 
“Application of pattern recognition to steady state security 
evaluation in a power system,” IEEE Trans. SMC, Vol. 3, 
pp. 622-631, 1973. 

[4] [4] 0. Saito, K. Koizumi, M. Udo, M. Sato, H. Mukal, and 
T. Tsuji,“Security monitoring systems including fast 
transient stability studies,” IEEE Trans. PAS, Vol. 94, pp. 
1789-1805, 1975. 

[5] [5] G.D. Irisarri, D. Levner, and A.M. Sasson, “Automatic 
contingency selection for on-line security analysis-real 
time test,” IEEE Trans. PAS, Vol. 98, pp. 1552-1559, 
1979. 

[6] [6] F. Albuyeh, A. Bose, and B. Heath, “Reactive power 
considerations in automatic contingency selection,” IEEE 
Trans. PAS, 

[7] [7] G.D. Irisarri and A.M. Sasson, “An automatic 
contingency selection method for on-line security 
analysis,” IEEE Trans. 

[8] [8] I. Dabbaghchi and G.D. Irisarri, “AEP automatic 
contingency selector: branch outage impacts on load bus 
voltage profile,” IEEE Trans. PWRS, Vol. 1, No. 2, pp. 
37-45, 1986. 

[9] [9] T.K.P. Medicherla and S.C. Rastogi, “A 
voltagesriterion based contingency selection technique,” 
IEEE Trans. PAS, Vol. 101, 

 
 
 

 
 

 


