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a b s t r a c t

This paper presents a computationally accurate technique used to determine the estimated average
probability of a dynamic system cascading collapse considering the effect of hidden failure on a pro-
tection system. This requires an accurate calculation of the probability of hidden failure as it will give
significant effect on the results of the estimated average probability of dynamic system cascading col-
lapse. The estimated average probability of a dynamic system cascading collapse is then used to de-
termine the severe loading condition contributing to a higher risk of a system cascading collapse. This
information of risk assessment is important to the utility that will assist them to determine the max-
imum level of increase in the system loading condition before a critical dynamic system cascading col-
lapse is incurred. Furthermore, initial tripping of sensitive transmission line contributing to a dynamic
critical system cascading collapse can also be determined by using the proposed risk assessment. Based
on the results obtained from this study, it was found that selecting the accurate probability of hidden
failure is very important as it will affect the estimated average probability of a dynamic system cascading
collapse used for determining the results of sensitive transmission lines and severity of total loading
conditions.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In many countries around the world, the electric power sys-
tems are operating in a deregulated environment where the gen-
eration, transmission and distribution systems owned by different
companies will enhance intense competition among them in the
electricity market in order to provide more reliable, cost effective
and efficient electricity to the consumers [1]. In order to ensure a
secure operation of deregulated power system with persuasive
activities in electricity market, the Independent System Operator
(ISO) is responsible for congestion management with the attain-
ment of system security and Available Transfer Capability (ATC)
determination in order to ensure effective operation in the elec-
tricity market [2]. It is important to consider all of the system
constraints such as the static, voltage magnitude and transient
limits in the transfer capability and power system security as-
sessments especially during the occurrence of system contingency

such as the sensitive line outage and severity of total loading
condition. For that reason, the power system dynamic based
transient security assessment and control is becoming more
challenging task in the transfer capability and power system se-
curity assessments due to several new constraints, obligations and
challenges that need to be encountered by the utility. Dynamic
response of a system plays an important role in the analysis of
power system security especially when it is entailed with a system
cascading collapse event that usually caused by the impact of
enormous and unforeseen occurrence of fault, unexpected gen-
eration and load outages, and abrupt increment of loads [3].

Large area blackout or cascading collapse of a power system
usually may cause to a catastrophic impact towards the society
and economy of a country. Therefore, it is important to seek for a
solution that provides an early detection of sensitive transmission
line and severe total loading condition so that preventive action
could be implemented to avoid from the occurrence of a cascading
collapse in power system. To date, several methods have been
developed and discussed in the literature for studying the static
cascading collapse phenomena under the consequences of critical
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line outage and severity of total loading condition. The Oak Ridge-
PSERC-Alaska (OPA) model examined the overall system responses
in system cascading collapse and the investigation was performed
based on the adjustment of loading condition [4–7]. This method
uses the DC power flow solution and the linear programming
method to reduce the cost function. However, the disadvantage of
using the OPA is that there are only small quantity of nodes in the
network model can be considered in the analysis [8]. Another
approach adopted to study the cascading collapse phenomena was
the CASCADE technique which has been conducted in [6,7,9]. By
using this model, the risk of cascading collapse was assumed to be
identical to a regular type of small interruption. The model in
[6,10,11] has adopted a method known as importance sampling
used to boost the occurrence of unusual events by means of
probability assessment. The simulation began with the initial line
tripping event. The process of successive tripping event was per-
sisted until it reaches to the end of cascading collapse. The ad-
vantage of using this model is that it will reduce the computa-
tional burden while maintaining the accuracy of the results.
However, it is difficult to extend this approach into a composite
reliability analysis. Other techniques applied to solve problems
related to the cascading collapse were the dynamic event tree
analysis performed in [12,13]. This method was encompassed with
the combination of probability and event tree technique used for
the execution of cascading tripping events. However, it is time
consuming to generate comprehensive event trees especially for a
complexity and vast number of components available in a large
size of power system. This is because several AC power flow so-
lutions shall be executed for every random tripping event that
yields to a lengthy computational time to construct a compre-
hensive event trees especially when it involves a vast number of
components in a complex structure and large size of a power
system. Basically, Newton-Raphson or Gauss-Seidel constitute as
the optimization technique customarily used to perform several
iterations of AC power flow solution until eventually arrived to its
optimal result. This signifies that the problem of lengthy compu-
tational time to determine the risk of a complex system is not
attributed by a deteriorate performance in the existing tools of
event tree analysis that can be obtained from [14–16]. Therefore,
the problem of lengthy computational time encountered during
the risk assessment using the existing tools of event tree analysis
is dependent on several features such as the necessity to perform
optimization for every iterative process in order to solve a parti-
cular engineering problem. Whereas, the problem of lengthy
computational time does not exist in several case studies such as
the risk assessment of a complex nuclear generation operating
plant using the existing tools of event tree analysis [14–16]. From
the literature survey, it is noteworthy that the dynamic system
cascading collapse has not been perpetrated particularly for the
determination of sensitive transmission lines and severe total
loading conditions.

The occurrence of a cascading collapse rarely happens in a
power system. However, its disastrous impact will inevitably lead
to volatility of system operating condition. The events of world-
wide major blackouts that occurred recently have emphasized on
the importance of cascading collapse consideration in determining
the risk of each event to occur. The cascading collapse usually
occurred in two distinct phenomenons in which it is referring to
the violation of static and dynamic system operating limits. Static
operating limits deals with transmission line limit and voltage
magnitude limit, while the dynamic stability constraints com-
posed of transient stability limit and also small-signal stability
limit. Basically, the system cascading collapse is caused by a slow
propagation of system operating limit violation. During the early
stage of failure, the system operators may have time to decide an
appropriate emergency action that needs to be taken in order to

mitigate from the next occurrence of unwanted disturbance. This
is continued with the propagation of line tripping that caused by
the overloaded line proliferating throughout the network until it is
either collapse or system stability is reached. Therefore, it is im-
portant to consider several factors into the assessment of cascad-
ing collapse in order to sustain the reliability and security of a
deregulated system during power transfer. In the conventional
analysis of static system cascading collapse, the propagation of
tripping event is usually happened due to the overloaded line. On
the other hand, the new analysis of dynamic system cascading
collapse can be regarded as the propagation of power system
component tripping event either agitated by an overloaded line or
violation of generator rotor angle and frequency limits. The vio-
lation of the generator rotor angle limit is inspected based on its
dynamic response starting from the critical clearing time until the
final transient stability simulation time. The critical clearing time
specified for the line tripping and the generator stability limit
referring to its frequency response and rotor angle attest that the
proposed dynamic system cascading collapse is different from the
conventional type of static system cascading collapse that merely
referring to the violation of overloaded line. By taking into account
a dynamic response of system components, uncertain tripping
events of generator as well as transmission line may yield to a
dynamic system cascading collapse that have a considerable im-
pact to the risk of a power system operation.

This paper will discuss on the determination of sensitive lines
and severe total loading conditions as a result from a dynamic
system cascading collapse commenced by an initial tripping of
transmission line. The system cascading collapse can be regarded
as the propagation of power system component tripping event
agitated by either an overloaded line or violation of generator
rotor angle and frequency limits. The violation of generator rotor
angle limit is inspected based on its dynamic response starting
from the critical clearing time (CCT) based One Machine Infinite
Bus (OMIB) until the final transient stability simulation time. The
mathematical transformation of an OMIB equivalent system is
used in determining the CCT specified for the tripping of trans-
mission line and generator. The IEEE RTS-RTS79 and IEEE RTS-96
are used as the case studies to validate the effectiveness of the
proposed approach considered in the assessment on dynamic
system cascading collapse. The assessment of dynamic system
cascading collapse needs to be performed regularly in the power
system operation and planning so that a power system is able to
inhibit from any kind of disastrous events. Therefore, it is im-
portant for the utility and power system planner to improvise an
early stage of preventive action by identifying the severe total
loading conditions and sensitive transmission lines that will cause
significant impact of dynamic system cascading collapse.

2. A new concept of dynamic system cascading collapse

This section will exemplify on the main concept of dynamic
system cascading collapse occurred due to an initial tripping of a
transmission line. The subsequent process of the proposed method
involves proliferation of incorrect tripping event, which usually
happens due to the relay hidden failure triggered either by over-
loaded line or frequency violation of a generator. The IEEE 14-bus
system is used as a case study to illustrate the theory of hidden
failure in a protection system that could result to an incorrect
tripping of other relay units hence leading to a dynamic system
cascading collapse. Fig. 1(a)–(c) shows a single line diagram of the
IEEE 14-bus system [17] which consists of twenty transmission
lines, four generator buses and nine load buses. By referring to
Fig. 1(a), the impact of a relay hidden failure towards incorrect
tripping event is analyzed which begins with the faulted line 4–5.
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