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Abstract: A voltage stability analysis method based
on the value of grid parameters is presented in this
paper. The algorithm uses local synchronized phasor
measurement to identify real-time online parameters
in situ. After identifying the two-node equivalent
system and static load model, it can estimate voltage
stability in real time according to a node voltage
stability index. The method is the local two bus
equivalent  system n-shaped branch  model
identification based on reactive power characteristics
and the variation of load parameters can better reflect
the line. Finally, combined with the simulation results
of the new England 39-bus system, we compare the
different equivalent system models and load models.
The results show that the proposed method can
provide more accurate voltage stability estimation
index, and verify the feasibility of the method.
Keywords: Voltage stability; Parameter identification;
Stable indicators; Least squares method

1. INTRODUCTION

\oltage stability has become an important research
area of power system.The study of voltage stability is
mainly studied on voltage stability mechanism,
voltage stability modeling, voltage stability index and
voltage collapse prevention and control.And voltage
collapse is with the steady growth of load and system
voltage is falling and eventually lead to a sudden
irreversible mass of collapse, thus can effectively
predict the system when the voltage collapse is of
great significance to the stable operation of power
system.

\oltage collapse is generally classified as static
stability of power system.The traditional method is to
judge the voltage stability of the current system by
judging the distance from the point of collapse point
of the system.The commonly used static
determination methods mainly include the sensitivity
analysis method [1], the trend analysis [2], the
singularity of the trend Jacobi matrix [3], and the
multiresolution of the trend [4].However, most of
these methods fail to consider the load characteristics,
which lead to the disadvantages of large deviation
and low calculation accuracy.

The synchronous phase measurement technology
based on phase-measurement unit (PMU) can realize
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the on-line synchronous measurement of the
operation state of the wide-area network, and
provides new ideas and methods for online voltage
stability  estimation.Literature [5] synchronous
measurement is put forward a kind of voltage
stability analysis method, this method synchronous
measurement of the direct use of various load branch
direct identification of local load equivalent branch
model, thus the corresponding voltage stability index
is calculated.However, there are two defects in this
method: firstly, the equivalent method adopts the
simple impedance branch model and ignores the
influence of the support on the ground capacitance.
Practice show that the level of voltage in the grid, 35
kv and below branch charging power is small, can be
regarded as reactive load, and in 110 kv and above
power grid voltage level, charging capacitor reactive
power could be produced is greater than the reactance
of reactive power losses, the branch is equal to the
reactive power [6]-[10]. Therefore, simply the simple
circuit impedance model can not fully reflect the
reactive power characteristics of the branch.

Based on the above analysis, this paper proposes a
more precise local synchronized phasor measurement
based on the real-time voltage stability analysis
method, the method of equivalent load branch adopts
consider charging capacitor IT type circuit, because
each local equivalent system parameters is less, the
voltage stability index calculation is very simple, can
make the voltage stability analysis to meet the real-
time requirements.

2. PARAMETER IDENTIFICATION BASED ON
T MODEL CIRCUIT

Assume that each load node voltage phasor and
branch  current phasor can be measured
simultaneously, because of the need to consider the

branch  charging capacitor  reactive  power
characteristic, need of the parameter identification of
TT type circuit accordingly. As shown in figure 1,

The electric potential and impedance of the external
equivalent system and the charging capacitance will
change with the change of the operating state of the
system. The electric potential, impedance and
capacitance parameters of the external equivalent
system can be estimated in real time by using the
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least square method of the recursive least square
method according to the bus voltage and the
associated branch current measured at the load node.
. B
Ik = qu,k - J?kvk (1)

I, is k moment load bus injection current, V, is k
moment load bus voltage and Ik is external system
impedance branch current, B, is charging capacitor
equivalent branch admittance, E, is external system
equivalence potential, Z, is equivalent branch
impedance.

qu|k I,

@ EKHVk—V

Z=RiHX

iij Bk/2
jBKIZI jBklzI

Figure 1. Equivalent branch model with capacitance
When the current phase in equation (1) and the load
node voltage are in rectangular coordinates, the real
part and the imaginary part can be expanded
respectively:

B,
IR,k = quR,k _7kvl,k

K @
Il,k = qul,k +?kVR,k

The linear observable equation of eq.(2) is obtained
as follows.

Y =X, +& (3)
Y :[IR,k Il,k]T
1 0 _\ﬂ
2
X = Vv (4)
0 1
2

Hk :[quR,k qul,k Bk]T
According to fig.1, a similar observation equation can
be established to directly identify the potential of the
equivalent branch and the equivalent system.In order
to express the convenience, the observation equation
for equivalent support impedance and equivalent
system electric potential identification is shown in
equation (5) and (6).
Vi = %0, —€ )

YE :[VR,k Vl,k]T
* 1 0 Ie R,k Ie 1,k
% :[0 Lo ()
eql,k eqr,k
9: :[ER‘k El‘k Rk Xk]T

To sum up, the parameters identification process of
the equivalent branch model considering the

influence of charging capacitance is as follows:

(1) for each load node, we directly identify lero-
leqio and By as the initial values of legrys legik and By
according to a set of voltage and current phasors
measured from PMU (the number of measurements is
two times larger than the number of identified
parameters) and the observation equation (6.4).

(2) the recursive least square method is used to
identify the leqricr leqix and By in real time.

(3) when the number of data Ik and leqx are two
times larger than that in the observation eq.(5), we
can select the parameters of the observation eq.(5) as
the initial value of the identification.

(4) legrk and leqii, Which are recursively recursion at
every moment, use the recursive least square method
to identify the Ek and Zk of each time.

3. VOLTAGE STABILITY INDEX BASED ON
LOCAL EQUIVALENT SYSTEM

Firstly, as shown in figure 2, the two node systems
are simplified after the equivalence of this paper. The
simplified backside only has the impedance, and the
simplified load is only the constant power load,which
is shown as follows:

4 E -1 .Z
Eeq,k :(ZL,k'J _) X Lkk

.4
K Zo+ (2 - JE)

4 (7
Z,(Zy — JE)
K
O
Z,+(Z,, — JEK)

In the case of maximum power, the equivalent
impedance Z.y, the voltage on the k landing AV,
equals the voltage Vi of the load node. Define the
voltage stability indicator of load node and the
voltage stability index of the whole system as follows:

Vs, =maxgit  (8)
<e ik

The subscript k represents the k moment, subscript i
represents the load node. When VSI,=1, the voltage
level of the k moment system reaches the stability
limit

Eeq,k Zerk Vk
oELE
Pcon"'chon

Figure 2. the simplized equivalent circuit

4. CASE STUDY

Based on the new England 39-bus system, simulation
calculation was carried out by PSS/E. In different
load growth rate for each load node voltage phasor
and current phasor, and if the voltage and current
phasor measurements of these are configured to load
the value of PMU, the equivalent circuit model by
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each pi load node recursive least squares method step
by step in each period and the corresponding accurate
load model.
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Figure3.Comparisons of different equivalent branch
models
Based on the external load bus8 equivalent system
and real-time parameter identification of ZIP model
as an example, figure 3 is when the load with
constant power model, the external equivalent system
were used to compare changes, simple model and
considering the branch impedance Pl equivalent
circuit of capacitor charging load node 8 voltage
stability index with load increasing can be seen when
a branch, consider charging capacitance, voltage
stability index node 8 has a high voltage stability
margin, and the simple impedance branch model is
conservative, which is consistent with the actual
analysis.
It can be seen from Figure 4, the load of node 8, with
the increase of the load power, the proportion
coefficient of various load of static load model is
changing, the constant current load change is small,
and the proportion coefficient change of constant
impedance and constant power load is large, this
indicates that the load model for real-time
identification it is an effective way to ensure the
accurate load model.

0.6

0.55

0.5

—— Basic increment value 300MW
0.45 — Basic increment value 400MF |
Basic increment value 500MW

0.4
1 .

0.35

0.3

Percentage factor

0.25

0.2 3

0.15

0.1
0.2 0.4

0.8

Lo(:'isd incrementlindex
Figure4. Changes of different load component
percents of ZIP model

In figure 5, the external system adopts T type
equivalent branch, and the load model with two fixed
ratio coefficient and through real-time identification
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using the time-varying proportion coefficient model,
through the different curve shows a fixed proportion
coefficient model to a certain extent, will affect the
accuracy of voltage stability index.
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Figure5.Comparisons of VSLBI of different load
models
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Figure 6. V- curves of load buses
Figure 6 lists all changes in load load node V - curve
(for the purposes of V - curve, according to figure 6.8
just now closer to the curve of the critical voltage
levels for labeling, and only list the curve of the part
has higher stability margin), which represents the
growth of the load process.Can be seen in figure 6.8,
when 4 =1.0, node voltage of 20 closer to its
corresponding critical voltage levels, prone to voltage
collapse, the results are consistent with actual
situation, and shows that the voltage stability index is
a good way to reaction system voltage stability
5. CONCLUSION
The  development of  synchronous  phasor
measurement technology can provide a more
effective and accurate analysis method for the voltage
stability analysis of power system based on local
measurement.  Firstly, wusing the load node
synchronous measurement on-line identification of
static load model and external equivalent system
charging capacitance effect and time-varying
consideration, then based on voltage stability index.
The simulation results show that the capacitance and
the load branch changes will be predicted on voltage
stability and accuracy to a certain extent, and
methods this paper can provide a voltage stability
index is more reliable, can be more effective in
voltage stability real-time monitoring system.
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