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Abstract— One of the most fascinating fields for engineers and academics is voltage stability.
Voltage instability has been seen to cause complete blackouts in the past. Voltage stability can
now be accessed and controlled online using the synchrophasor technique. In this study, we
use the continuation power flow method and phasor measurement units (PMUs) installed in
the system to access the voltage stability margin. Then, we add a Static Synchronous
Compensator (STATCOM) to the system to increase the voltage stability margin. STATCOM
is situated on a crucial system bus. The sensitivity approach is used to find this critical gap.
Results show that the voltage stability margin is increased with the addition of STATCOM to
the system. The voltage stability margin evaluation and improvement method that has been
suggested has been used with the IEEE 14-bus system.

Keywords— Continuation power flow (CPF), voltage instability, static synchronous
compensator (STATCOM)
L. INTRODUCTION
Voltage stability plays an imminent role in the stable operation of power systems. Due to
voltage instability, there may be low voltage in a large part of the power system [1]. Many
control actions are observed to protect power systems from voltage instability. The main cause
of voltage collapse is a deficiency of reactive power in the network. Reactive power
transmission becomes difficult under heavy loads. So, reactive energy has to be injected at
critical points of the system to prevent instability. The Flexible AC Transmission System
(FACTS) can improve the voltage stability of the power system network due to advances in
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power electronics [2]. The Static Synchronous Compensator (STATCOM), being a member of
the FACTS family, is able to increase the voltage stability margin by providing reactive power
support. Providing reactive power injection at critical points increases the voltage stability of
the system. With the use of L-index-based techniques, we can find critical or weak buses for
placing STATCOM in the system [3—4]. P-V and Q-V curves have been utilised in the Tokyo
voltage collapse for optimal placing and resizing of STATCOM [5-6]. These methods are
expansive and take longer than expected.

The precise location and configuration of the FACTS controllers were discovered using
heuristic methods. The size and location of FACTS devices were assessed using mixed integer
and non-linear programming. However, local minima and calculation efforts were to blame for
the issue [7]. It has been discovered that Particle Swarm Optimization (PSO) is a technique that
can be used to assess STATCOM size and location difficulty. Numerous systemic issues,
including economical load distribution [8], generation increases [9], and short-duration load
predicting [10], were resolved using this approach. A method using particle swarm
optimization for the best STATCOM location and resizing has been reported in [11]. [12]
illustrates the Innovative Nonlinear (IN) H control used by STATCOM to increase the voltage
stability margin. Here, the IN H controller for STATCOM was designed using the Hamiltonian
function method. In [13], it was suggested to improve short-term voltage stability in order to
evaluate weak buses using the idea of trajectory sensitivity. As aresult of reactive power excess
or deficit, STATCOM used direct active power control, as reported in [14].

The focus of the earlier research was on STATCOM's injection of reactive power to increase
the voltage stability margin in an offline setting. Nowadays, it is possible to assess and improve
the voltage stability margin of online power systems thanks to the development of phasor
measurement units (PMUs) [15]. Here, we suggest using STATCOM and phasor measurement
units to assess and improve the voltage stability margin of online power systems. We initially
think of the placement of STATCOM as an offline strategy before adding PMUs to the system.
Weak performance is what we get from the system when PMUs are present. After that, we use
the Continuation Power Flow (CPF) method [16] to assess the voltage stability margin.

IL. EVALUATION OF VOLTAGE STABILITY MARGIN

Utilizing the CPF method, the voltage stability margin has been evaluated. The nose curves are
obtained by varying total system loads when we run CPF for a system. The voltage stability
margin has now been decided upon as being the separation of the maximum loadability point
(nose point) from the base case operating point. In an offline environment, CPF is a tool for
supplying voltage stability margin. However, if PMUSs are installed in the system, we can
access real-time system information, or information that is available online, by using the data
collected by the PMUs. The further the system is from voltage instability, the higher the voltage
stability margin. The suggested approach to assessing the voltage stability margin is shown in
Figure 1.
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Figure 1: Evaluation of voltage stability margin
III. METHOD FOR STATCOM PLACEMENT
The system's nerve centre is STATCOM. Voltage instability is more likely to occur on a critical
bus. Finding the slope of the nose curve before the nose point allows us to assess the critical
bus. A critical bus is identified as having the most negative value on this slope. The bus's
sensitivity is described by this slope. To obtain the nose curves, we run CPF for both the healthy
system and each single-line outage system. The procedure for STATCOM placement is shown

in Figure 2.
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Figure 2: Evaluation of sensitivity of bus

STATCOM injects reactive power into the system's critical bus. Reactive power is added to
the critical bus, increasing the system's voltage stability margin. So, the system is no longer
susceptible to voltage instability. The STATCOM model used in this study is depicted in Figure
3. In this work, the STATCOM voltage regulator model is utilized. In the event that the bus
voltage deviates from the reference value, STATCOM injects reactive power into the bus.

Figure 3: STATCOM modeling
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IV.  RESULTS AND COMMENTS

On a 14-bus IEEE system, work is done [17]. The 14-Bus IEEE System has 20 transmission
lines, three synchronous condensers, and two synchronous generators at buses 1 and 2. (with
three transformers). Figure 4 displays a single-line diagram of a 14-bus IEEE system.

yORr

Figure 4: 14-Bus IEEE System

With PMUs installed in the system, CPF was run to assess the maximum loading margin (in
this case, voltage stability margin). Using PMUs installed in the system, we identified the nose
curves of the system with total system load variation. Each nose curve's sensitivity to these
curves has been identified. Along with the system as it is, we also take into account all of the
system's potential outcomes. We chose the critical system contingencies with the smallest
voltage stability margin (lowest maximum loading margin) from among these. The bus that is
most crucial to the system is a load bus with the most adverse sensitivity value. It has been
observed that bus line 5 has the lowest sensitivity reading. Bus 5 has been chosen as the bus
that is most important. STATCOM has been positioned on this vital system bus.

When there is a lack of reactive power in the system, STATCOM injects reactive power into
the most important bus. The voltage stability margin of the system improves with the addition
of reactive power, i.e., the voltage stability margin is increased with the addition of STATCOM
to the system. Table I displays the voltage stability margin without using STATCOM in the
system for the intact case and a few critical contingency cases.

Table II displays the voltage stability margin for an intact system and a few significant
contingency scenarios with STATCOM. As can be seen from Tables I and II, the addition of
STATCOM to the system has increased the voltage stability margin for both the intact system
and the system under contingencies. As a result, the addition of STATCOM increases the
system's voltage stability margin. Figure 5 contrasts critical bus 5's nose curve with and without
STATCOM for critical contingencies 2-3. This graph shows how the system's voltage stability
margin under contingencies 2-4 has increased as a result of the addition of STATOM. This is
due to STATCOM injecting reactive power into the critical bus of the system. As a result, the
voltage stability margin of the system increases. Bus-5 has been identified as the study's critical
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bus using the sensitivity method. As a result, the system's bus 5 now includes STATCOM. The
addition of STATCOM to the system has increased the voltage stability margin for other
critical contingencies like 1-2, 1-5, etc., as shown in Tables I and II.

TABLE 1

VOLATGE STABILITY MARGIN FOR INTACT SYSTEM AND UNDER CRITICAL
CONTINGENCIES OBTAINED USING CPF METHOD WITHOUT USING
STATCOM IN SYSTEM (14-BUS IEEE SYSTEM)

Critical Contingency

Voltage Stability Margin

Intact Case

4.1

1-2 13
2-3 2.2
1-5 3.0
2-4 32
2-5 32

TABLE 11

VOLATGE STABILITY MARGIN FOR INTACT SYSTEM AND UNDER CRITICAL
CONTINGENCIES OBTAINED USING CPF METHOD USING STATCOM IN
SYSTEM (14-BUS IEEE SYSTEM)

Critical Contingency

Voltage Stability Margin

Intact Case 4.4
1-2 1.4
2-3 2.3
1-5 3.1
2-4 34
2-5 3.8
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Figure 5: Comparison of nose curves of critical bus 5 with STATCOM and without STATCOM

for line outage 2-3

V. CONCLUSIONS

The evaluation of voltage stability and the improvement of offline systems were the main topics
of previous research. In this work, STATCOM has been used for real-time evaluation and
enhancement of the voltage stability margin. Using voltage measurements from PMUs, the
voltage stability margin is increased in real time. The system's critical bus can receive reactive
power injection from STATCOM. With STATCOM in the system, the voltage stability margin
is increased. The results for the 14-bus IEEE system demonstrate that the addition of
STATCOM increases the voltage stability margin.
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