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ABSTRACT: This paper focuses on discussing, the transmission networks need to be browbeaten ever more completely. The
transfer capacity of an existing transmission network needs to be increased without main reserves but also without
compromising the security of power scheme. The more efficient use of transmission network has already led to a situation in
which many power systems are operated more often and longer close to voltage stability limits. A power system stressed.
Methodology: This search was carried on all articles, such as books and some Journals which help me for discussing the voltage
stability. Read through the JSTOR website, IEEE have been used to get into this paper.
Findings: Model originally refers to the disturbance of developing an amount archetype that precisely explain the lot of
important characteristics and behavior (steady-state or dynamic) to be advised in the ability arrangement abstraction of
interest. It as well includes anticipation the lot of acceptable ways to cover the load.
Research Limitations/Implications: The limitation limited and the statistic are that is not easy to get the specific result of these
factors. Moreover, the effected crossing the Voltage Stability has been as limited and how the activity could be affected.
For instance, the results of the case analysis will then be analyzed in the proceeding chapter. As a case study, the chapter will
look at voltage stability that exists in distribution systems. This is in the presence of a distributed generation. Finally, it is clear
that the problem with voltage stability is usually concerned with the entirety of power systems but in essence, it is just one
critical area where the problem is involved.
Practical Implications: In this section the implication of In order to investigate the stability of transient voltage, a bolted three
phased fault is applied. The clearing time for the fault is set differently for different distributed generation.
The term voltage stability is used in power systems to refer to the ability of a system to maintain voltage under acceptable
profiles when subjected to different load changes and system topologies. A system can be unstable because of the
transportation of reactive power over long distances.
Originality/value: This value for voltage stability can cause a system to collapse. At any point in time, the condition that operates
a power system should be stable. There are various operational criteria that the system has to meet in order to function as
required.
Environmental and economic constraints make it possible to for power systems to operate nearer to their stability limits. It is
therefore both important and challenging to maintain a system that is secure and stable. In recent years, planners and
researchers of power system have concentrated much of their attention on voltage stability of systems.
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1

INTRODUCTION

The term voltage stability is used in power systems to refer to the ability of a system to maintain voltage under acceptable
profiles when subjected to different load changes and system topologies [1]. A system can be unstable because of the
transportation of reactive power over long distances. This implies that a power system which has reactive power resources can
have little problems relating to voltage stability. A power system is said to be stable if at normal operating condition, the voltage
and a disturbance are very close [1]. The opposite condition is when the voltages get out of control and decrease because of
weakening of voltage control, increment of load, and outage of equipment. These phenomena usually occur when reactive
power is forced to travel over long distances [2]. This causes instability. It is therefore recommended to do regular assessment
of power systems for voltage stability as this is paramount for planning and operation of electrical networks [1]. A system is
voltage unstable if for at least one bus in the system bus voltage magnitude decreases as the reactive power injection at the
same bus is increased. The problem with voltage stability is usually concerned with the entirety of power systems however it
is just one critical area where the problem is involved [2].
A power system does not have the ability to transfer electrical power to the loads infinitely [1]. The main reason that leads
to voltage instability is the failure of a power system to meet the requirements of a reactive power especially in a case where
the power system is heavily stressed [2]. Voltage instability can also be contributed by other factors. They include the action
of a voltage control apparatus, the nature and characteristics of the device that compensates reactive power, load
characteristics, and generator reactive power limits [2]. The power systems therefore do not have the ability to transfer power
over a long distance because there is a large amount of reactive power required at the certain value of distance. At the same
time, because there is too much loss of reactive power, it becomes difficult for reactive power to be transferred [1]. The high
loss of reactive power is mainly due to the need to produce voltage control at the control area [2].
Managing power systems is increasingly becoming difficult because of various reasons that relates to the current power
systems. Firstly, operations of power systems require little or no supervision due to the increase of the need to transfer power
over long distances [1]. Secondly, these power systems operate under limits which are close to security while thirdly there are
environmental constraints that make it hard for transmission networks to be expanded [2]. From a layman’s point of view, the
numerous cases of blackouts which are being reported on daily basis are primarily caused by the voltage instability of power
systems [1]. For this reason, voltage instability has becomes a major point of concern among engineers and power system
researchers [2].
There are reasons which researchers have identified to make it harder for the management of power systems. Different
power systems compete for profits and producing services at a lower cost. This competition leads to a long duration that the
systems are required to operate close to stability limits and to security. As earlier identified, environmental constraints is also
a major reason for preventing further expansion of the transmission networks [2]. They severely limit transmission networks
from expanding. Near the load centers, environmental constraints prevent transmission networks from expanding. This is
argued to have a negative influence on the stability of the power systems [1].
The underlying reason for this negative influence is the increasing distance between a load and a generator. When the
distance increases, the voltage support is reduced. In a market marked with deregulation, there is need to have new power
flow control and new type of voltage. However, the currently used power systems are not designed for [2].

2

RESEARCH METHOD

This chapter seeks to review the different techniques, both traditional and current, which are applied to mitigate the voltage
stability issues. The chapter also looks the various types of voltage stability. There are two main classifications of voltage
instability: short term instability and long term instability [3]. The corresponding dynamics of these two categories are referred
to as short term and long dynamics respectively. Within the transient or short term scale, there are various dynamics that fall
under it [2]. They include the governor dynamics, turbines, excitation systems, and automatic voltage regulators. When we talk
about transient or short term, it basically implies a few seconds of transmission. Additionally, HDVC interconnections,
electronically operated loads, and induction motors are also included in the short term category [1]. When voltage instability
occurs during the short term time frame, it is normally as a result of loss synchronism or rotor angle imbalance.
For long term time framers, the main components which operate under this time scale include boilers, limiters, and
transformer tap changers. Ideally, the long term time frame usually lasts between a few minutes up to ten minutes [2]. Voltage
stability does occur in the long term time frame. And the primary cause for this is the large electrical distance that is created
between the load and the generator. However, this depends on the power system’s detailed topology [3].
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Voltage stability can cause a system to collapse. At any point in time, the condition that operates a power system should
be stable. There are various operational criteria that the system has to meet in order to function as required [1]. Environmental
and economic constraints make it possible to for power systems to operate nearer to their stability limits. It is therefore both
important and challenging to maintain a system that is secure and stable. In recent years, planners and researchers of power
system have concentrated much of their attention on voltage stability of systems [1].

3

3.1

MAIN MODEL OF MULTICULTURALISM

GOAL

This chapter presents a case study or a simple model of a specific network analysis. The results of the case analysis will then
be analyzed in the proceeding chapter. As a case study, the chapter will look at voltage stability that exists in distribution
systems. This is in the presence of a distributed generation. The chapter will investigate both induction machine and
synchronized machine distributed generation. As a result there will be a clear presentation of voltage instability that is caused
by:





Long term small disturbance
Transient voltage instability,
Long term large disturbance
Finally, the chapter will present the impact of the distributed generations and their possible modes of operation
[2].

From previous chapters it is clear that the when the transmission loading is increased, the power system is brought closer
to voltage instability. When power is generated locally from a distributed generation, it increases the load ability of the system
of distribution [2]. Using PV curves, one can show how the reactive power support in a system of distribution helps to increase
the capabilities of power transfer. Reactive power has to be provided locally because it is difficult to transmit it over long
distances [3].
Hence the presence of distributed generation that produces reactive power helps to increase the capability of power
transfer from a transmission network to a system of distribution [2]. At the same time, the presence of distributed generation
that absorbs reactive power has the capacity to decrease the capabilities of power transfer. The evidence of this has been
shown in numerous studies where induction machine distributed generation decreased load ability but the presence of
synchronous machine distributed generation increases load ability [2].
The previous chapter also looked at the transient voltage instability and showed that it appears in different forms which
are caused by various mechanisms. This therefore implies that investigation of voltage stability is important for one to
comprehensively develop an understanding of the impact of induction machine and synchronous machine distributed
generation on voltage stability [3]. Similarly, investigating voltage stability is important to further understand the impact on
long term large disturbance, long term small disturbance, and transient voltage stabilities. Researchers have also argued for
the need to further evaluate the operational impact of induction machine distributed generation and synchronous machine
distributed generation on the various mechanisms of voltage instability. Before presenting the small case study, it would be
best to first understand the dynamic characteristics of a distributed generation [3].
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A distributed generation can either be induction or synchronous. The figure below helps to illustrate how both disturbed
generations are structured.

Synchronous distributed generation has the ability to remain stable even when a grid faults [3]. This ability is attributed to
the stability of rotor angle. The rotor angle stability is determined using the critical area method or what is commonly known
as the equal area criterion [3]. Synchronous distributed generation affects voltage stability thereby making a matter of interest
for this paper and particularly this chapter.
Thus, In order to get a glimpse of how synchronous distributed generation has a dynamic performance, one can consider a
HV bus which has a three phased fault. The terminal voltage of a generator is significantly reduced due to the fault that occurs
in the grid. The generator will keep on supplying reactive power as the faults continues. This keeps the terminal voltage of the
distributed generation at a higher level than that at the faulted point as the fault continues [3]. When the terminal voltage of
a distributed generation reduces, the capability of the distributed generation to deliver power is decreased [3]. A generator
cannot return to its state prior the fault if there is an increase in the rotor angle to the extent that it passes the critical angle.
These are the phenomena that explain the dynamic performance of a synchronous distribution generation [3].
From this analysis, it is clear that the synchronous distribution generation provides support for voltage during a system
fault. It does this by supplying reactive power as the fault occurs. From this point of view, it can be argued that synchronous
distributed generation helps to reduce problems relating to transient voltage instability.
Induced machine distributed generation has been explained in the previous section of this chapter. It has been discussed
that induced distributed generation has the ability to remain stable even when a fault occurs in a grid as a result of voltage
stability. In order to further understand and explain the dynamic operation of an induced distribution generation, we will
consider the same examples used to describe the dynamic performance of a synchronous distributed generation. In the
example, there is a system with a HV bus in which a three phased fault occurs. The first fault last for about 0.4 seconds but the
generator still remains stable. The second fault lasts for .65 seconds but the induced generator becomes unstable [2].
To explain the performance of the induced generator, the following points are noticed [2]. The generator terminal voltage
will be significantly reduced as a result of the grid fault. The generator unit is caused to accelerate as a result of a reduction in
the delivered active power [2]. Even after clearance of the fault, there is a significantly high speed of the generating unit. The
speed is very high compared to that prior the occurrence of the fault [2]. Because of the high speed, there is increased
consumption of reactive power in the induced generator. Hence, due to the increase in consumption of reactive power, the
terminal voltage of the generator is decreased. But if the speed continues to increase thereby passing the critical speed, it will
be hard for the generator to go back to its state before the fault occurred [2].
3.2

CASE STUDY

The following diagram represents voltage stability in the presence of a distributed generated system under study. With a
synchronous machine, it was possible to operate at a constant voltage [2]. The changes in the demand of load do not affect
the output of the reactive power. There is a local supply of reactive power except when the system of distribution has reactive
power in excess due to the shunt capacitor [2]. According to these conditions provided, three synchronous machine distributed
generation are examined [2]. The first one operates a unity pf case the second one operates at a lagging pf case, while the final
one operates at a constant voltage case [2]. In all the three cases, one general assumption is made; that the synchronous
distributed generation operates continuously at a power output of 4 MW [2].
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The case is also examined using an induced machine distributed generation. In this case we compensate the induced
machine with a shunt capacitor. The capacitor is switched off at various steps. The process of switching on and off the shunt
capacitor in the induced machine distributed generation is not usually based on the loading that occurs in the distribution
system. This therefore implies that the size of the capacitor will be limited because of overvoltage on minimum load. As
previously explained, an induction machine distributed generation causes both over and under voltage in the distribution
system.
A maximum distributed generation and a maximum load will cause under voltage to occur. In such cases, voltage at feeder
ends and the capacitor compensation will suffer under voltage. Based on the conditions provided, there are operations for the
distributed generation which are investigated. They include: an induction distributed generation with a normal capacitor
(normal c), with a large capacitor (larger c), and with a larger capacitor plus STATCOM (larger c plus STATCOM).

4

RESULTS OF THE CASE STUDY AND PROPOSED SOLUTIONS
In order to investigate the stability of transient voltage, a bolted three phased fault is applied [2].

The clearing time for the fault is set differently for different distributed generation. In order to analyze the stability of long
term large disturbance voltage, a single phased fault is applied at both lines. And lastly, in order to examine the voltage stability
of long term small disturbance, the load at bus 3 is increased [2].
4.1

IMPACT ON THE STABILITY OF TRANSIENT VOLTAGE

Using the synchronous machine, the response was as expected. The machine managed to improve the stability of transient
voltage within the system of distribution. The primary reason for this is because the machine helps to increase voltage within
the system of distribution as the fault continued to occur. As a result, this ensures that the voltage recovers quickly after the
fault occurs. Transient voltage instability and showed that it appears in different forms which are caused by various
mechanisms [2]. This therefore implies that investigation of voltage stability is important for one to comprehensively develop
an understanding of the impact of induction machine and synchronous machine distributed generation on voltage stability [2].
The improvement is not only concentrated in the particular system of distribution connected to the distributed generation
but it is also evident in the neighboring systems of distribution. This also means that when one distribution system experiences
either a voltage collapse or a voltage recovery, the nearby distribution systems will also experience the same [2].
Using an induction machine distributed generation a lot of reactive power is absorbed immediately after clearance of the
fault. The generator terminal voltage is seen to significantly reduce as a result of the grid fault [2]. The generator unit is made
to accelerate as a result of a reduction in the delivered active power [2]. Even after clearance of the fault, there is a significantly
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high speed of the generating unit [2]. The speed is very high compared to that prior the occurrence of the fault. Because of the
high speed, there is increased consumption of reactive power in the induced generator. Hence, due to the increase in
consumption of reactive power, the terminal voltage of the generator is decreased [4]. But if the speed continues to increase
thereby passing the critical speed, it will be hard for the generator to go back to its state before the fault occurred. Managing
power systems is increasingly becoming difficult because of various reasons that relates to the current power systems. Firstly,
operations of power systems require little or no supervision due to the increase of the need to transfer power over long
distances [1]. Secondly, these power systems operate under limits which are close to security while thirdly there are
environmental constraints that make it hard for transmission networks to be expanded [2]. From a layman’s point of view, the
numerous cases of blackouts which are being reported on daily basis are primarily caused by the voltage instability of power
systems [1]. For this reason, voltage instability has becomes a major point of concern among engineers and power system
researchers [2].
There are reasons which researchers have identified to make it harder for the management of power systems. Different
power systems compete for profits and producing services at a lower cost [5]. This competition leads to a long duration that
the systems are required to operate close to stability limits and to security. As earlier identified, environmental constraints is
also a major reason for preventing further expansion of the transmission networks [2]. They severely limit transmission
networks from expanding. Near the load centers, environmental constraints prevent transmission networks from expanding.
This is argued to have a negative influence on the stability of the power systems [1]. The underlying reason for this negative
influence is the increasing distance between a load and a generator. When the distance increases, the voltage support is
reduced. In a market marked with deregulation, there is need to have new power flow control and new type of voltage [2].
However, the currently used power systems are not designed for [2].
4.2

IMPACT ON THE STABILITY OF LONG TERM LARGE DISTURBANCE VOLTAGE

The presence of synchronous distributed generation reduces the number of OLTC. This is due to the disturbance that occurs
in the process. The presence of the synchronous distributed generation on various modes of operation is seen to successfully
restoring the voltages on the secondary bus substations. It is also clear that this restoration is impossible without the presence
of the distributed generation. In addition, the presence of synchronous distributed generation helps to restore the primary
voltage to the acceptable range of .94 pu and 1.05 pu.
From this explanation, one can draw that the presence of synchronous distributed generation helps to increase the margin
of voltage stability of long term large disturbance. But the optimal improvement is only realized at a constant voltage that the
distributed generation will operate on.
Using the induction machine, there will be a collapse of voltage at a time of three seconds if there is no immediate
disconnection of the induction distributed generation. There will also be an increase in the speed of the distributed generation
because the induction machine normally does not have enough torque to decelerate the speed even after clearance of the
fault.
4.3

IMPACT ON VOLTAGE STABILITY OF LONG TERM SMALL DISTURBANCE

With synchronous distributed generation there will always be an increase in the margin of stability. However, the increase
in margin becomes higher when the synchronous machine operates under a mode where the voltage is controlled. But for an
induction machine distributed generation, the margin of stability is reduced in all the three cases (normal C, larger C, and larger
C plus STATCOM) except for the third case of larger C plus STATCOM. In order to explain how these two phenomena occur, the
transmission and generation of reactive and active power is used.
With a synchronous distributed generation, there is decrease in transmission of active and reactive power because of the
generation of both reactive and active power. For an induction distributed generation, there is also a decrease in transmission
of reactive power. But since the machine also absorbs reactive power, there is increase in reactive power.

5

CONCLUSION

In addition, this chapter gives a conclusion based on the analysis of the case study. In addition is summarizes the other
chapters within the paper.
From the discussion presented it is clear that the problem with voltage stability is usually concerned with the entirety of
power systems but in essence, it is just one critical area where the problem is involved. The term voltage stability is used in
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power systems to refer to the ability of a system to maintain voltage under acceptable profiles when subjected to different
load changes and system topologies. A system can be unstable because of the transportation of reactive power over long
distances.
This implies that a power system which has reactive power resources can have little problems relating to voltage stability.
A power system is said to be stable if at normal operating condition, the voltage and a disturbance are very close. The opposite
condition is when the voltages get out of control and decrease because of weakening of voltage control, increment of load,
and outage of equipment. These phenomena usually occur when reactive power is forced to travel over long distances.
This causes instability. It is therefore recommended to do regular assessment of power systems for voltage stability as this
is paramount for planning and operation of electrical networks. A system is voltage unstable if for at least one bus in the system
bus voltage magnitude decreases as the reactive power injection at the same bus is increased.
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