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A New and Fast Method for Preventive Control
Selection in Voltage Stability Analysis

Objective:
Preventive control approach for voltage stability improvement using voltage stability
constrained optimal power flow based on static line voltage stability indices.

Abstract:

Voltage stability improvement is a challenging issue in planning and security
assessment of power systems. As modern systems are being operated under heavily
stressed conditions with reduced stability margins, incorporation of voltage stability
criteria in the operation of power systems began receiving great attention. This study
presents a novel voltage stability constrained optimal power flow (VSC-OPF)
approach based on static line voltage stability indices to simultaneously improve
voltage stability and minimise power system losses under stressed and contingency
conditions. The proposed methodology uses a voltage collapse proximity indicator
(VCPI) to provide important information about the proximity of the system to voltage
instability. The VCPI index is incorporated into the optimal power flow (OPF)
formulation in two ways; first it can be added as a new voltage stability constraint in
the OPF constraints, or used as a voltage stability objective function. The proposed
approach has been evaluated on the standard IEEE 30-bus and 57-bus test systems
under different cases and compared with two well proved VSC-OPF approaches
based on the bus voltage indicator L-index and the minimum singular value. The
simulation results are promising and demonstrate the effectiveness of the proposed
VSC-OPF based on the line voltage stability index.

Introduction:

During recent years, the planning and the operation of large interconnected power
systems while improving system stability and security have become important
concerns in the daily operation of modern power networks. Therefore there is a
renewed interest in developing optimal power flow (OPF) models that incorporate
additional constraints and new objective functions to enhance the security of
electricity markets. As several blackouts around the world have been related to
voltage phenomena [1, 2], much more interest has been devoted by planning
engineers to the voltage stability constrained OPF (VSC-OPF) problem. The present
paper deals with including the voltage stability issue in the conventional OPF to
effectively improve system voltage stability as well as to reduce power losses when
subject to unexpected contingencies such as generation outages, tripping of a
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transmission line in a heavily loaded system or an unpredictable increase in load
demand.

Line VSI:

The VCPI was proposed by Moghavvemi and Faruque that has rigorously
demonstrated its accuracy and reliability on the standard IEEE test systems with
different load nodes. This indicator is adopted in our study to investigate the stability
of each line of the system by determination of the critical line referred to a bus. The
VCPI index is based on the concept of maximum power transferred through the lines
of the network as presented in Fig. 1 and it is defined as follows.
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The numerator is the real or reactive power transferred to the receiving end
and it is obtained from the power flow calculations. The denominator is the maximum
active or reactive power that can be transferred through a line. It can be calculated by
the following equations where VS is the sending end voltage; ZS is the line
impedance; 0 is the line impedance angle and f = tan—1 (Qr/Pr) is the phase angle of
the load impedance.

VSC-OPF approach for preventive control

The purpose of the VSC-OPF based on the VCPI index is mainly to move the power
system operation state far away from the voltage collapse by increasing the system
stability margin. The proposed algorithm is incorporated into an automatic security
monitoring and control system (ASMCS) as the preventive control scheme as
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illustrated in Fig. 2. Two approaches could be implemented by the block VSC-OPF to
design a preventive control system for the voltage stability improvement and the
power losses minimization. The VSI is embedded in the OPF formulation as the new
voltage stability inequality constraint, or as an objective function with the
minimisation of the total VSI. Fig. 2 summarizes the general view of an ASMCS. The
output of the state estimator is used to compute the vulnerability [40] and the line
voltage stability [16] indices in order to verify the system security. When the network
is overloaded and the voltage instable, the ASMCS is in corrective mode. In this
situation, a first threshold (Threshold 1) for the voltage indices is designed to evaluate
whether the system is stable or not. According to the definition in the previous
section, the VCPI values increase with the increasing of the power flow transferred by
the transmission lines and vary from O (no load condition) to 1 (voltage collapse).
Therefore a threshold of 90% is considered appropriate in this work, if the maximum
VCPI index values exceed this threshold it means that the voltage of the critical line is
very likely to collapse. Then, fast control actions such as fuzzy-logic-based generation
rescheduling approach [40], load shedding, flexible AC transmission systems
(FACTS) controllers, high voltage direct current (HVDC) links and corrective
switching (line and bus switching) should be initially carried out to move the system
into a voltage secure operating point. On the other hand, if the contingency is already
screened, a solution exists, and the preventive control is applied automatically to the
system. After applying the corrective control actions, the system restores the voltage
stability and the values of the VCPI index will definitely move below Threshold 1. In
that case, a contingency analysis is performed to provide a list of the most severe
contingencies, in terms of voltage stability margins from a set of credible
contingencies. If after a contingency study the voltage stability margin is insufficient,
then it is necessary to further perform the preventive control based on the VSC-OPF
to move the system operating point away from the critical point (the VCPI max value
is limited by Threshold 2) and thus obtaining adequate security margins.
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Implementation of the VSC-OPF algorithm

The proposed VSC-OPF defined in the previous section is solved by using the
fmincon function provided by the standard optimization . In this optimisation
algorithm, an approximation of the Hessian matrix of the Lagrangian function is
calculated at each iteration and the problem is solved by using a line search
procedure. The following steps describe the computational procedure for solving the
VSC-OPF presented in the diagram of Fig. 3.

(1)
)

(3)
(4)

Read the system data.

Initialise the VSC-OPF by a conventional OPF that consists of minimising (7)
subjected to power flow (9) and (10) and technical limits (11)—(13).

Calculate the VCPI for all the transmission lines by using (1). Find the critical
line with the highest VCPI index value.

If the objective of the optimisation study is to restrict the value of the VCPI
index within a range of 0 to VCPIlimit to achieve a required voltage stability
level and to study the effect of the security voltage on the generation cost, then
the approach with the VCPI as the voltage constraint is completed as follows:
Formulate the cost objective function (7).

Construct the conventional constraints given by (9)—(13).

Construct the voltage stability constraint given by (14).

Calculate the first and the second derivatives of the conventional constraints.
Calculate the first and the second derivatives of the voltage stability constraint.
Solve the optimisation problem by the line search method.

If the aim of the problem is the improvement of the overall voltage stability of
the system and the minimization of the power losses, then the VCPI index is
used as an objective function and the OPF is executed as follows:

Formulate the voltage stability objective function (8).

Calculate the conventional constraints given by (9)-(13).

Calculate the derivatives of the conventional constraints.

Solve the optimisation problem by the line search method.

The voltage stability condition has been achieved when the objective function
and the control variables converge. At that time, the execution of the algorithm
stops, if not, it is repeated from Step 3.
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Fig. 3 VSC-OFPF computational algovithm

Conclusions and Future Work

In this paper, a novel VSC-OPF approach for the voltage stability preventive control
has been presented. The proposed approach is addressed by incorporating the VCPI
into the classical OPF problem. The VCPI index is first used as the voltage stability
constraint, this requires only one additional voltage constraint added to the
conventional OPF constraints. Hence, the dimension of the resulting optimization
problem is similar to that of a conventional OPF, and this feature help in reducing the
complexity and improving the numerical solution feasibility of the problem. On the
other hand, this index is formulated as the OPF objective function and minimized to
improve the voltage stability of the system. The effectiveness and the robustness of
the proposed VSC-OPF based on the VCPI index are tested and demonstrated. The
simulation results obtained under the stressed and the line outage contingency
conditions are promising and clearly show the potential of the proposed approach to
enhance the power system voltage security by improving the system voltage stability
and minimizing the power losses. It is also found that the approach based on the VCPI
index achieves a performance comparable with the other reported approaches (min
Lmax and max MSV) with a superiority in terms of the computational efficiency and
the solution cost.

The proposed technique is based on a simple concept and can be practically
applicable for the online voltage security assessment. In future works, this technique
could be easily combined with other stability constraints such as the transient stability
or the small signal stability and could be implemented in multi-objective optimisation
problems.
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