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Static Voltage Stability Analysis Based on Power Flow Jacobian Determinant
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ABSTRACT: Static voltage stability analysis is an
important part of the power system stability analysis.
According to the singularity of power flow Jacobian matrix
at the critical point of static voltage stability, the
characteristic is described by making the power flow
Jacobian determinant equal to zero, and the static voltage
stability analysis was carried out based on it. The equation
which can directly solve the critical point of static voltage
stability was constructed, and a unified solution method was
proposed. In order to solve the problem that the Jacobian
determinant of power flow needs to be calculated many
times in the unified solution method, a decoupled solution
method was proposed by combining the Newton-Raphson
method, secant method and bisection method. Then, by using
the Jacobian determinant of power flow and combining the
line load rate and line failure rate, a static voltage stability
index was proposed, which can be used for the identification
of the vulnerable lines. In simulation results the proposed
static voltage stability critical point calculation methods are
compared with the existing methods through different scale
power systems, and the characteristics and applicable
scenarios of different methods are summarized. The
vulnerable lines of the IEEE 39 bus system are analyzed by
the proposed static voltage stability index, and the rationality
of the index is verified.

KEY WORDS: static voltage stability; power flow Jacobian
matrix; singularity; Jacobian determinant; secant method,;
bisection method,; static stability index
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margin with different methods
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Fig. 3 Convergence process of the static voltage

stability critical point calculation
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Table 4 Vulnerable line identification results
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Table 5 Identification results of different methods
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With the in-depth development of energy transition,
the proportion of intermittent renewable energy in power
system is increasing, and the system operation is closer
to the limit point of stability. Static voltage stability
analysis is an important part of power system stability
analysis, which can provide monitoring reference
information for dispatchers to take defensive measures.

This paper proposes static voltage stability analysis
methods based on power flow Jacobian determinant,
including the calculation methods of static voltage
stability critical point and the static voltage stability index.
According to the singularity of the power flow Jacobian
matrix at the critical point of static voltage stability, the
characteristic is described by making the power flow
Jacobian determinant equal to zero, and the static voltage
stability analysis is carried out based on it. The proposed
methods are able to reliably and efficiently calculate the
critical point of static voltage stability and effectively
identify the vulnerable lines of power system.

The equation which can directly solve the critical
point of static voltage stability is constructed as follows

{f(x)+ﬂe_0 O
[,(x)] =0

where x is the power system state variables, f(x) is the
function vector corresponding to power flow equations, A
is the parameter representing the variation of injection
power of system nodes and e is the vector representing the
change direction of injection power of system nodes.

This paper firstly proposes a unified solution
method by combining the Newton-Raphson method and
secant method to solve equation (1). In order to solve the
problem that the unified method needs to calculate the
power flow Jacobian determinant many times in each
iteration, a decoupled solution method is designed. The
Newton-Raphson method is used to solve the
parameterized power flow equation, and the secant
method and bisection method are combined to solve the
equation that the power flow Jacobian determinant is
equal to zero. Write the implicit function relationship

between |f,(x)| and 1 as [f«(x)|=g(2). Taking IEEE 30 bus
system as an example, the g(1) of the system is shown in
Fig. 1, in which the node load changes in equal proportion.
The 441 and A, show the parameter values obtained by two
adjacent iterations of the decoupled method.
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Fig. 1 g(Z) curve of IEEE 30 bus system

By using the Jacobian determinant of power flow
and combining the line load rate and line failure rate, a
static voltage stability index is proposed, which can be
used for the identification of the system vulnerable lines.

Compared to existing methods that can directly
solve the static voltage stability critical point, the number
of variables and equations of the proposed method are
reduced by one time, and the difficulty of selecting initial
values of the variables can be avoided. The results on
different scale power systems show that the proposed
unified method has high computational efficiency for
small-scale power system, and its convergence is better
than the collapse point method and the nonlinear
programming method. The decoupled method has good
robustness for different scale power systems including
large-scale systems, and has higher computational
efficiency compared with the continuous power flow
method. Moreover, the vulnerable line identification
results of the IEEE 39 bus system verify the rationality
of the proposed static voltage stability index.



