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Abstract--This research work explores the feasibility of in-

creasing system reliability by applying condition monitoring sys-
tems to selected circuit breakers and transformers. Smart grid 
technology decreases maintenance costs by deploying condition 
monitoring systems that informs the operator of impending fail-
ures or ameliorates those conditions.  Since condition monitoring 
systems can themselves increase operating costs, only selected 
critical transformers and circuit breakers are chosen to be 
equipped with these systems. This paper describes a method to 
identify the most critical transformers and circuit breakers with 
the aid of contingency ranking methods. Different summer load 
cases are studied and the results are compared to find the most 
severe contingencies that affect the study area. Once the critical 
components of the system are identified, corrective actions are 
found for each severe contingency to be applied.  
 

Index Terms-- Circuit breakers, maintenance, power system 
monitoring, power system reliability, power transformers, power 
transmission, smart grid.  

I.  INTRODUCTION 
HE SMART GRID is a general term for a series of infra-
structural changes applied to the electric transmission, and 

distribution systems. According to the definition by the U. S. 
Department of Energy [1], the smart grid applies emerging 
technologies in order to bring more knowledge to the power 
system. With the growing increase in consumer demand and 
with more complex equipment being installed in power sys-
tems the need for a grid with enhanced intelligence is more 
evident than before. Although electric grids are facing more 
environmental, technological and infrastructural challenges, 
the technological advancements provide a mean to deal with 
these challenges. The emerging technologies in communica-
tion, control, sensing and computing all contribute to make the 
power grid smarter. Condition monitoring systems are one of 
these technologies that have found more applications in to-
day’s grids due to the increased system complexity.  A very 
simplified concept of the smart grid is shown in Fig. 1. 

With the rapid growth in the rate of load increase in recent 
years, there has been a considerable increase in transformer 
deployment [2-3]. As a result of this increased usage more 
transformers are in need for maintenance due to excessive 
electrical and thermal stress. Moreover, most of the transfor-
mers and circuit breakers are not designed for the new operat-
ing conditions during the peak loads which results in fast ag-
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ing of these transmission system components. Although a need 
for maintenance is more evident than before, it is expensive 
and in some cases a hard task to implement, due to the fact 
that some of these components are located in remote areas. 
Therefore, maintaining all these transmission system compo-
nents is not a practical solution for the existing power systems. 
Condition monitoring of the circuit breakers and transformers 
optimizes the maintenance costs by providing the information 
about the status of those elements and whether there is an im-
pending failure in any of those system components. Therefore, 
operators can decide on needed maintenance only if a trans-
former or circuit breaker is identified as nearing an impending 
failure.  

 
Fig. 1.  A conceptual picture of the smart grid 
 
This paper is structured as follows: Section II discusses the 

approach used in this work for condition monitoring of the 
transformers and circuit breakers while section III briefly in-
troduces contingency ranking methods used in literature and 
the ranking methods used in this work. Section IV presents 
contingency ranking study results along with the description 
of the system under study. Corrective actions that could be 
taken in case of each severe contingency are discussed in sec-
tion V. Section VI summarizes the main conclusions of this 
work.  

II.  IDENTIFICATION OF CRITICAL ASSETS FOR SMART 
MONITORING 

Recent blackouts have shown the need for a more reliable 
and resilient power system. Condition monitoring systems 
optimize maintenance costs while providing the operators the 
status of the system components. Although condition monitor-
ing systems contribute to increasing system reliability; moni-
toring all the transformers and circuit breakers is not cost ef-
fective but also requires a significant amount of data 
processing which in many cases might be unnecessary and 
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redundant.  It is vital to identify those transmission system 
components whose failure affects the entire system the most. 
Contingency ranking is an approach introduced by many ref-
erences [4-6] and is deployed in this work in order to pinpoint 
the critical elements of the power system such as circuit 
breakers and transformers whose failure can cause severe con-
tingencies such as line overloading. Power flow data such as 
bus voltages and branch flows are used to calculate a series of 
performance indices that rank components based on the se-
verity of the contingency caused by their outage or failure. 
Fig. 2 shows the basic structure of the method proposed in this 
paper.  

 

Fig. 2.  Condition monitoring and assessment of critical transmission system 
components. 
 

These transmission system components are assessed to be 
the best candidates for condition monitoring. Once these criti-
cal transformers and circuit breakers are identified, this infor-
mation is then deployed to take a corrective action that reduc-
es the impact of the failure of those elements in case a contin-
gency occurs in the system. Corrective actions are identified 
for the most critical contingencies based on offline system 
studies and are discussed further in the proceeding sections.  
Corrective actions could entail rescheduling power flow to 
alleviate critical component loading. 

III.  CONTINGENCY RANKING METHODS 
Steady state contingency analysis traditionally involves 

analyzing all the contingencies in a system in order to investi-
gate system reliability and performance under different operat-
ing conditions. Although beneficial, this traditional approach 
is not always practical due to the exhaustive and hence costly 
testing and computations required. Moreover, limiting these 
analyses to only a group of contingencies, selected based on 
experience, can be insufficient for planning purposes. In other 
words, some important contingencies might be left out since 
sufficient data of their occurrence is not available to the plan-
ners.  Therefore, contingency ranking methods are essential in 
effectively ranking all the contingencies within a system and 
selecting those that are more critical for planning purposes.  

Some contingency ranking methods are based on voltage 
violation in all the buses of the considered system while some 
other methods are solely based on line power flows and over-
loads caused on different branches.  In all these methods a 
performance index is defined and calculated for each bus in 
case of several contingencies. However, these methods vary 
based on the definition of the performance index and their 
effectiveness in identification of the critical elements. In all 

these methods computer simulations of the power system is 
essential in contingency ranking. In contemporary software for 
power system simulation and analysis, contingency ranking 
has found more applications in power system operation and 
planning. 

As suggested in [7] most of the contingency ranking me-
thods are not accurate since they neglect nonlinearities of the 
reactive power equations as well as the effects of the voltage 
regulators. Moreover, the loads are affected by the variations 
in the voltage, and hence this effect should be included in the 
ranking methods. The above mentioned inaccuracies which 
are mainly due to the modeling of the power system can lead 
to misranking of the contingencies. In order to deal with these 
issues, the authors in [7] have suggested a new contingency 
ranking method which represents the effect of the voltage reg-
ulators and the sensitivity of the loads to bus voltages. Also, 
nonlinearities due to the regulator tap positions and reactive 
power generation are included in the model for contingency 
ranking studies.  

In another work [2], Ejebe and Wollenberg have proposed 
an online security analysis method which analyses the contin-
gencies based on the most recent operating conditions. This 
method updates the list of the most severe contingencies in an 
adaptive manner by ranking the contingencies followed by an 
AC power flow to achieve a set of critical contingencies in the 
system. Contingency ranking is again based on defining a set 
of performance indices for line and generator outages. These 
indices are defined in a way to treat the constraints of the load 
bus voltage and line flows as soft limits. In other words the 
violation of the limits imposed on the bus voltages and line 
flows are penalized in the performance index. The ranking 
methods deployed in this work are mainly inspired by the 
above mentioned work. Two performance indices are defined 
in [2] that are referred to as PIV and PIMVA. The first method 
classifies each contingency based on the severity of the over-
loads enforced on different branches. The second, however, 
utilizes the amount of voltage violations of each bus as the 
basis for defining the performance indices. These indices are 
defined in (1)-(2), 

 

2 | | | |∆  
(1) 

2  
(2) 

 
where |Vi | is the voltage magnitude at bus i and l is the num-
ber of buses in the system. The parameter n is the exponent of 
the penalty function which is usually set to one. The larger this 
value, the more would be the penalty for violating the voltage 
limits.  The weighting factors Wi are set arbitrarily for each 
bus. However, the more appropriate the definition of weight-
ing factors, the better the ranking of the contingencies. The 
term ∆  represents the limit on the voltage deviation on 
each bus. In normal operating conditions this value is set to be 
±5% of the rated voltage. In (2) Sl is the power flow of the line 
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while Sl
lim is the maximum allowable power flow of the line. 

The parameter nl is the number of the lines while Wli is the 
weighting factor of each line. These performance indices are 
easy to calculate and can give a good understanding of the 
effect of each contingency on the entire system.  

In previous work, the indices indicated are calculated utiliz-
ing arbitrary weighting factors. In [9] the authors have pro-
posed a method called an adaptive hierarchy process (AHP) to 
determine the weights which are used in calculation of the 
performance indices. In AHP, depending on the importance of 
the transmission line or the bus in comparison to the rest of the 
system, a value is assigned to the weighting factors subject to, 

 
 ∑ 1 (3) 

 
In other words, an expert system will determine the impor-
tance of the voltage security at each bus and assign weights 
accordingly. The more important the bus, the higher the 
weighting factor, and therefore the higher the penalty for vi-
olating the voltage or line flow limits. For the case of this pa-
per, in order to capture the effect of an overloading in the per-
formance index, the weights are chosen to penalize any over-
loading while the branches with no power violation have the 
same lower weights. Therefore for overloading, the weights 
are chosen to change proportional to the amount of the over-
loading of a branch. For voltage ranking method, weights are 
also set to highlight the effect of any violation in the index and 
reduce the effect of buses with voltages within the tolerance, 
in the performance index.  

These indices associate the severity of each contingency 
and its effect on the entire system with a number so that it 
would be easier to compare and rank all the contingencies. 
Usually, the higher the performance index, the worse is the 
contingency, and hence the more severe is the effect of that 
contingency on the rest of the system. It should be noted that 
what is meant by contingency in this work is, in effect, failure 
of a transformer branch for the case of critical transformer 
monitoring; and outage of a branch equipped with circuit 
breakers for circuit breaker monitoring. In the proceeding sec-
tions, the aforementioned performance indices are calculated 
for the transformers and circuit breakers of the study area.   

IV.  ESTABLISHMENT OF THE CONCEPT VIA NUMERICAL 
SIMULATION  

In order to identify the best candidates for condition moni-
toring in the study area, transformers and circuit breakers of 
the system are ranked based on the method described in the 
previous sections. In the following sections the studied system 
is described followed by ranking results of the transformers 
and circuit breakers. 

A.  System Description 
The system under study is part of the U.S. Western Elec-

tricity Coordinating Council (WECC) with about 600 buses 
and 53 generators in the system. The total generation in this 
system is 8477 MW during the peak hours and the loads can 
vary from 7122 MW during summer peak hours to 5798 MW 

for the summer Simultaneous Import Limit (SIL) case. Table I 
presents a summary of these two load cases for comparison 
purposes.  

 
TABLE I 

LOAD CASE SUMMARY FOR SUMMER PEAK CASE AND SUMMER SIL CASE OF 
THE STUDY AREA 

 

 Summer 
Peak Case 

Summer SIL 
Case 

Total Load (MW) 7122.06 5797.94 

Total Generation (MW) 8476.92 5759.05 

Total Export (MW) 1130.15 -246.24 

Total Losses (MW) 223.25 205.94 

 

B.  Identification of Critical Transformers 
The two different load cases described above are studied in 

this work in order to compare the results and achieve a better 
list of critical transmission components under different operat-
ing conditions. The first case considered is the normal summer 
peak load case in which most of the generation capability of 
the generators is utilized.  All the transformers in the study 
area which are above 115 kV are considered for identification 
purposes, which yield a total of 71 transformers.  Hence, each 
contingency in the system is in fact the outage of any of these 
transformer branches. Therefore, each contingency number in 
this paper corresponds to the associated transformer in the 
studied transmission system.  As stated before, for each con-
tingency, steady state information such as bus voltages and 
branch flows are gathered and voltage based and power based 
performance indices are calculated for each case. These set of 
information is gained by conducting an n-1 contingency anal-
ysis on the system under study. Voltage Security Assessment 
Tool (VSAT) which is part of DSATools power simulation 
package is used for simulation purposes. Fig. 3 shows the flow 
chart of the ranking procedure used in this work.  
 

 
 
Fig. 3.  Flow chart of the ranking procedure. 
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Contingency ranking results shown in Fig. 4 presents the 
calculated PIMVA index versus PIV for all the transformers con-
sidered for ranking.  These results illustrate a few facts for the 
contingency cases. The first observation is that the cases with 
high MVA index are not necessarily the cases with high vol-
tage index. In fact, in some severe cases in terms of branch 
loading, such as contingency number 71, the voltage index is 
low and hence no severe voltage violation is observed in these 
cases.  Analyzing the cases in terms of voltage violations, it is 
observed that the worst contingency case and the least severe 
case are not significantly different than the base case. In the 
summer peak case, the PIMVA index plays a more important 
role in ranking than the voltage based index. Consequently, 
PIMVA is used for ranking purposes for the normal peak case 
rather than the PIV index.  

 
 
Fig. 4.  Summer peak PIMVA index versus PIV index for all the 71 contingen-
cies in the system. 

 
Fig. 5.  Summer peak PIMVA index calculated for all the 71 contingencies in 
the system. 
 

Fig. 5 illustrates the ranking results of the transformers by 
only considering the MVA index. From this figure, it is clearly 
observed that few contingency cases stand out as the severe 

cases while others have the PIMVA index close to each other. 
As mentioned before, these transformers are the best candi-
dates for condition monitoring. Table II summarizes the list of 
these critical transformers.  
 

TABLE II 
LIST OF CRITICAL TRANSFORMERS OF THE STUDIED SYSTEM FOR SUMMER 

PEAK CASE 
 

Case  
Number 

From 
Bus To Bus ID 

71 79 332 1 

54,55 133 353 1 or 2 

69 599 419 2 

49,50 52 369 2 or 4 

65,66 170 154 1 or 2 

67,68 266 91 1 or 3 

59,60 285 199 1 or 3 

8 505 507 4 

70 500 67 4 

 
The same procedure is followed for the SIL case while it is 

expected to have less overloading since the total load and gen-
eration in this case is considerably less than the peak load 
case. Similar to the peak load case it is observed that PIMVA 
index is a better indication of the severe cases rather than the 
voltage based index. Fig. 6 presents the ranking results for the 
SIL case considering only the MVA based index. As seen 
from these results, three cases, i.e. contingencies 70, 69, and 
68, along with contingency number 8 are the severe contin-
gencies in terms of the power based index. It should be noted 
that these transformers have already been identified as critical 
cases in the peak case and are listed in Table II. 

 
Fig. 6.  PIMVA index calculated for summer SIL case for all the 71 contingen-
cies in the system. 
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C.  Identification of Critical Branches 
As explained before, although circuit breaker monitoring 

(CBM) can improve system reliability, monitoring all the cir-
cuit breakers of the system is not practical. High costs of cir-
cuit breaker monitoring and the need for signal processing 
equipments are among the reasons limiting condition monitor-
ing to only a selected number of breakers. Therefore, identify-
ing those breakers that monitoring them could benefit the sys-
tem the most is essential for improving system reliability. 

 In order to find the critical circuit breakers, the same pro-
cedure as transformer identification is followed. However, 
only the PIMVA index is calculated for each branch. The reason 
for only considering one index for calculations is the fact that 
circuit breaker operation depends on current interrupting ca-
pability. Hence, failure to interrupt currents above the circuit 
ratings may lead to damage to system components and conse-
quently outage of the line equipped with the failed CB. As a 
result of this outage, excessive overloading might occur at 
other branches that could prevent opening of the CB contacts 
at those branches. Calculating the PIMVA index for each con-
tingency determines the severe cases and thus the critical cir-
cuit breakers in the system at hand.  

Candidate circuit breakers are selected from the branches 
above 115kV. This results in 122 contingencies in the studied 
case. The contingency in each case is outage of any of the 
described branches due to a circuit breaker failure. Simulation 
results of different load cases confirm that peak case is the 
better representation of the critical branches in terms of the 
severity of the effects caused by their outages. Fig. 7 illu-
strates the plot of calculated PIMVA index versus contingency 
number for the peak case.  

 
Fig. 7.  PIMVA index calculated for summer peak case for candidate circuit 
breakers in the system. 
 

As seen from these ranking results, there are three branches 
that seem to be more critical than the other branches in the 
study area, as they significantly differ in performance index in 
comparison with the rest of the branches. Further analysis of 
these critical branches shows that in fact severe overloading is 
caused as a result of their failure on the system. Therefore, 

monitoring circuit breakers available on these branches could 
notably increase system reliability while other circuit breakers 
are not as much important for monitoring purposes than these 
branches. These branches are referred to as branch number 42, 
116, and 122 for the rest of this paper.  

V.  ALLEVIATING THE IMPACT OF CONTINGENCIES 
Identifying critical transformers and circuit breakers has the 

advantage of locating the ideal location in the system for ap-
plying condition monitoring. Monitoring system components 
increases the reliability of the system by informing the opera-
tors of the impending failures. Upon receiving the data from 
the monitoring equipment, the operator decides on an action in 
order to reduce the effect of the failed circuit breaker or trans-
former on the rest of the system. Alleviating the consequences 
of the failure could be temporary or last until the failed trans-
mission system component has been maintained.  

A.  Corrective Actions 
There are two sets of actions that could be taken in case of 

any contingency: corrective and preventive actions. Preventive 
actions, as suggested by their names, are taken in order to pre-
vent occurrence of a failure in the future. Circuit breaker and 
transformer maintenance are among those actions, which are 
usually expensive and in most of the cases time consuming. 
Corrective actions, on the other hand, assume that a contin-
gency has already occurred in the system and therefore the 
taken action compensates for the failed component in different 
ways that are shown in Fig. 8. The objective of a corrective 
action is therefore to alleviate the effect of a system compo-
nent failure by reducing or eliminating the effect of that power 
transmission component.  

As observed from Fig. 8 there are three sets of corrective 
actions that are taken in case of any critical contingency in the 
system. These actions are identified for each severe contin-
gency based on offline studies of the system at hand and once 
identified are taken in case the contingency occurs in the fu-
ture. However, these actions are prioritized based on their ap-
plicability to the system. In other words, actions such as load 
shedding are only applied to the system as a last resort, once 
other actions have failed to alleviate the consequences of a 
particular contingency.  
A constrained optimal power flow (OPF) problem is solved by 
the operators once they are informed of the impending failures 
by the smart sensors installed on the critical transformers and 
circuit breakers of the system. N-1 contingency analysis adds 
an additional constraint to the previously solved optimal pow-
er flow problem to alleviate the overloading or voltage viola-
tions caused by a transformer outage or circuit breaker failure. 
The objective of an OPF problem can vary depending on the 
application.  Minimizing total generation cost, minimizing 
transmission loss, minimizing total reserve generation or mi-
nimizing slack bus generation or maximizing security margin 
index (SMI) are among the most important objectives men-
tioned in literature [10-11].  As in most of the OPF problems, 
cost minimization is selected as the objective in this paper. 
Therefore, cost functions are defined for each generation type 
that properly represent the total generation cost of the system.

0 20 40 60 80 100 120 140
20

30

40

50

60

70

80

90

100
12242 116

25 114

Contingency Number

P
I M

V
A



 6

Identification of 
Critical Components

N-1 Contingency 
Analysis

C
or

re
ct

i v
e 

A
ct

io
n

Constrained 
OPF

Yes

No

Generation 
Rescheduling

Contingency 
Alleviated

Yes

NoLoad 
Shedding

Operator Permissive 
Strategy

Contingency 
Alleviated

 
Fig. 8.  Corrective actions taken in a smart grid in order to alleviate the contingencies. 

 
In most of the contingencies the OPF is capable of alleviating 
the overloading by re-routing the power from other branches. 
However, this translates to an increase in total generation cost 
of the system.  

Although OPF can be effective in alleviating over loadings 
caused by outages, in some severe contingencies there would 
not be any solution to the system with the new set of con-
straints. Therefore, other actions such as generation reschedul-
ing are required to deal with the added contingency. Genera-
tion rescheduling is particularly effective if there is sufficient 
generation available in the neighborhood of the overloaded 
line. Consequently by using other generation resources, detri-
mental effects of the contingency could be alleviated. In the 
following section, some of the most stressed transformer 
branches are further analyzed to determine the corrective ac-
tion that is effective in case these contingencies occur.  

B.   Study Results 
The most severe transformer branch outages were intro-

duced in Section IV. In this section the effect of those will be 
first investigated on the studied system followed by determin-
ing the proper actions that should be taken in case these con-
tingencies happen in the future. Hence, the top severe trans-
former branch outages are analyzed in detail.  

1)  Transformer Branch 79-332 Outage 
The outage of this transformer is expected to have severe 

overloading effect on the other branches of the system. Sum-
mer normal peak is chosen as loading of the system. It is ob-
served from simulation results that the outage of the aforemen-
tioned transformer will cause over loadings of up to 103% in 
the neighboring branches in comparison to the 14% loading of 
the base case. This overloading needs to be decreased in order 
to ensure secure operation of the system. 

As explained before, the system is analyzed to determine 
whether the above described overloading could be decreased 
by proper rescheduling. PowerWorld Simulator is used as a 
tool for solving a constrained OPF problem, while each gene-
rator in the study area is associated with a cost function de-

fined based on the models available in this software. The ob-
jective function is hence to decrease the total generation cost 
while keeping the loading of all the branches in the studied 
system bellow 100%. Simulation results show that no possible 
rescheduling is able to eliminate the overloading of the afore-
mentioned branch. In other words, this constraint is an unen-
forceable constraint in PowerWorld and consequently OPF 
cannot be solved. Therefore, even with a price of increasing 
the generation cost, with the existing system topology, outage 
of the 79-332 transformer branch results in a subsequent 
branch overloading. This in turn could result in equipment 
damage, if it persists for a long period of time, and therefore 
cannot be permitted in the long term.   

According to the above statements, the only action that 
could be taken in this case is to shed loads in order to be able 
to decrease the loading in the overloaded branch. In other 
words, load shedding will be the chosen action by the smart 
grid if the same contingency occurs in the future. As stated 
before, since load shedding will discontinue service to certain 
customers, it is chosen only as a last resort. It is also important 
to categorize the loads and shed the less important loads first 
before cutting service to more sensitive loads. However, not 
all the loads are going to affect the overloading. Hence, a sen-
sitivity analysis is carried out on the system to identify the 
loads that can affect the overloading, if they are shed. There-
fore with the aid of a program that automatically calculates the 
MVA index discussed in Section IV for each of the loads 
above 30MW and the steady state information of the branch 
flows, the most effective loads are found. Fig. 9 illustrates 
these study results. As seen from this figure, only three loads, 
marked as load numbers 28, 15, and 21, are capable of de-
creasing the loading of the aforementioned branch to below 
100%. 

By including these loads in the previously applied OPF 
problem and assigning a high cost for load shedding, mini-
mum required load shedding for any of the three aforemen-
tioned loads is found. Table III presents these loads along with 
minimum shedding required from these loads. It should be 
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noted that these values are only the minimum required to drop 
the overloading to just below 100%.  

 
Fig. 9. Overloaded branch loading versus PIMVA for system loads above 
30MW while reduced to half. 
 

2) Transformer Branch 133-353 Outage 
Outage of this line has also shown to be a severe contin-

gency since it overloads the parallel branch to 110 % from the 
55% in the base case. Therefore a corrective action should 
decrease this loading to below 100%. As seen from the system 
map, there are quite a few generators around this transformer 
branch. This provides the system with more rescheduling ca-
pability than the other cases discussed before. Constrained 
OPF is the first action that is applied to the system in order to 
decrease the overloading at the parallel transformer branch. 
With the objective of minimizing total generation cost, OPF 
decreases the overloading to 100%. However, it is desired to 
decrease this loading even further to below 100% which trans-
lates to increasing generation cost. By reducing the generation 
at the closest generation source to the aforementioned trans-
former, it is expected to reduce the loading of this branch. 
Simulation results show that 40 MW decrease in generation of 
this source reduces loading of the aforementioned branch to 
93%. With the generation cost functions defined, this genera-
tion reduction will translate to an additional 407 $/h in total 
generation cost as the generation reduction is compensated by 
another, more expensive, generation source. 

 
TABLE III 

LIST OF EFFECTIVE LOADS IN REDUCING OVERLOADING IN CASE OF 
TRANSFORMER BRANCH 79-332 OUTAGE 

 
Load Num-

ber 
Original Load 

(MW) 
Minimum Shed 

(MW) 

15 48 5.03 

28 42.4 4.66 

21 45.2 7.08 

  

3) Outage of Branch Number 42 
As it was observed in contingency ranking results of sec-

tion IV, outage of this branch creates a severe contingency on 

the rest of the system. Following the same procedure as the 
critical transformer branches, a solution to the contingency is 
sought through a constrained OPF problem. As it was ex-
pected from the ranking results, OPF is not able to find a solu-
tion to the problem while alleviating the contingencies in the 
system. OPF results in PowerWorld simulator indicate that 
there will be three branches with overloading of up to 116% as 
a result of outage of the aforementioned branch. Similar to the 
case with critical transformers, load shedding is the last resort 
in order to alleviate the contingency. However, sensitivity 
analysis results, reveal that even load shedding is not effective 
in decreasing the overloading caused by outage of this critical 
branch. Therefore, it can be concluded that condition monitor-
ing of the circuit breakers of this branch is extremely benefi-
cial in ensuring the secure operation of the system.  

VI.  CONCLUSION 
This paper discusses a method to increase power system re-

liability by providing more awareness to the operator of the 
impending failures in the system.  The concept is considered 
to be an implementation of the smart grid philosophy.  Condi-
tion monitoring of the circuit breakers and transformers were 
introduced to monitor the status of these components and 
based on the collected data estimate the chance of component 
failure.  

Simulation results indicate that sensory signals can be used 
to increase power system reliability. If the signals received 
from condition monitoring of circuit breakers and transformers 
indicate an increased chance of component failure, the opera-
tor is suggested with a corrective action to be taken in order to 
prevent the effect of possible outages in the future.  

Contingency ranking methods presented are shown to be 
effective in identifying the most stressed transformers and 
circuit breakers. Simulation results of the system under these 
stressed circumstances suggest that contingency ranking me-
thods are valuable for this application.  

One of the advantages of the suggested approach is to bring 
more awareness of the system stressed points and the potential 
to avert outages. Consequently, more secure operation and a 
more reliable system may be possible. By applying different 
corrective actions as presented in Section V, it is observed that 
although generation rescheduling may be an effective way of 
reducing line loadings in case of a line or transformer outage, 
rescheduling might not assist in some contingencies.  
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