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Abstract—This paper reviews the requirements and the
procedure used to obtain Grid Stability. The Grid stability
requirements , Interconnected System, Automatic Generation
Control (AGC), requirement for intelligent controller ,Fuzzy logic
Controller and High Voltage DC transmission are discussed with
their usage in Grid Stability.
Index Terms— Automatic Generation Control, Integral
Controller, Fuzzy logic Controller, Deregulated Environment,
Wind Turbine Generator

I.

INTRODUCTION

Grid Stability is a technical requirement for the proper
operation of an interconnected power system and it is the
prerequisite for a stable electricity grid and guarantees secure
supply at a frequency of 50 Hz [1]. As far as production is
concerned, this is relatively simple: the production of
electrical energy is largely foreseeable, apart from the new
renewable energies [2]. Consumption is a different matter;
however it can be estimated but never accurately predicted. A
worldwide trend in the development of power systems is to
build interconnections with the goal to achieve economical
benefits. Such large interconnected systems can cover many
countries or even wide continental areas. Interconnections of
power systems may offer significant technical, economical
and environmental advantages, such as pooling of large
power generation stations, sharing of spinning reserve and
use of most economic energy resources taking into account
also ecological constraints: nuclear power stations at special
locations, hydro energy from remote areas, solar energy from
desert areas and connection of large off-shore wind farms [3].
With time, the operating point of a power system changes,
and hence, these systems may experience deviations in
nominal system frequency and scheduled power exchanges to
other areas, which may yield undesirable effects. Also, when
load changes or abnormal conditions occur like outages of
generation and varying system parameters, mismatches in
frequency can be caused. These mismatches can be corrected
by controlling the frequency. Automatic Generation Control
(AGC) is used to maintain the schedule system frequency.
With the advancement of systems analysis techniques such as
optimal control theory, their application to power system
problems was inevitable. In particular, there are three
significant reasons to search for better control strategies for
the AGC problem. First, the continuing growth of this nation
has been and will continue to be achieved at the expense of an
enormous consumption of electrical energy, thus causing a
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demand for more efficient use of generation facilities.
Second, careful usage of generating facilities reduces the
ecological impact through reduction in fuel consumption and
discharge problems [4-8]. Finally, the trend is toward larger
and larger units, which increases the problems of system
stability. Thus, better control strategies are required in
improving stability margins and overall power system
reliability. Controlling the frequency has always been a major
subject in electrical power system operation and is becoming
much more significant recently with increasing size,
changing structure and complexity in interconnected power
systems. Next importance is given to the use of High Voltage
DC transmission (HVDC) link in the system rather than High
Voltage Alternating Current (HVAC) transmission only.
HVDC is a foreseen technology due to huge growth of this
transmission system and due to its economic, environmental
and performance advantages over the other alternatives [1,
9-10]. Therefore it is proposed to have a dc link in parallel
with HVAC link interconnecting control areas to get an
improved system dynamic performance. These studies are
carried out considering the nominal system parameters.
Practically system parameters vary considerably with
changing operating conditions. Intelligent controllers are
designed using proportional-plus-integral control strategy
and implemented in the interconnected area. The
conventional control method does not give required solutions
due to complex and multivariable power systems. Therefore
next step is taken to improve the reliability and robustness of
the system using Fuzzy Controllers [11-13]. Fuzzy
Controllers are advantageous in solving wide range of control
problems including AGC of interconnected power system.
Fuzzy logic based controller can be implemented to analyze
the load frequency control of two area interconnected power
system with HVAC and HVDC parallel link taking parameter
uncertainties into account. In the system working under
deregulated environment, a Wind Turbine Generator (WTG)
or other locally generating plants can be simulated to carry
out all the proposed operations and to control the frequency
of the system using AGC and Integral Controller with the
Fuzzy Controller [14-16].
II.

GRID STABILITY

Every day the electricity from energy producers finds its
way to our power socket at the right time, in the right amount
and at market prices. Grid operates any area‟s transmission
system. The transmission system is high voltage grid, which
is used to transport energy over long distances and has some
important responsibilities. First responsibility is the
transportation of electricity from producing power plant to
the end consumer via transmission system and next important
responsibility is to ensure that the balance between electricity
consumption and production is maintained at all times [2].
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Grid stability has been considered as an important problem
for system operating securely for long time, and power
system frequency is one of the vital parameters in power
system operation. The deviation of system frequency must be
controlled within an allowable range under any disturbances.
A steady frequency is significant to keep the loads or
generators stable and safe. Frequency stability means the
ability of a power system to maintain steady frequency
following a severe system upset resulting in a significant
imbalance between generation and load. It depends on the
ability of restoring equilibrium between generation and load,
with the minimum unintentional loss of load. Since, to
maintain frequency within its allowable range is a vital
mission in a stable power system. System frequency is
regulated through primary and secondary frequency controls
generally. Primary frequency control (PFC) regulates the
system frequency in a dynamic process, but the secondary
frequency control regulates the frequency as close as its
nominal value by adjusting the loads of units participating in
system frequency control [17]. Since PFC is a feedback
regulation function related to all the units in the power
system, the problem of the stability in power system arises.
This is the only way to ensure that the grid remains stable, i.e.
operates at the standard frequency of 50 Hertz. If this balance
is disturbed, the frequency will fall below or rise above 50
Hertz. The electricity consumption and therefore grid usage
are constantly increasing. Large scale power systems are
normally managed by viewing them as being made up of
control areas with interconnections between them. Each
control area must meet its own demand and its scheduled
interchange power. Any mismatch between the generation
and load can be observed by means of a deviation in
frequency [1, 18]. A severe system stress resulting in an
imbalance between generation and load seriously degrades
the power system performance and stability, which cannot be
described in conventional transient stability and voltage
stability studies [19]. This type of usually slow phenomena
must be considered in relation with power system frequency
control issue. Therefore, it is very important to maintain grid
stability using efficient and reliable methods. In the analysis
of Grid Stability the speed governing model of
interconnected power systems is studied. Maintaining
frequency and power interchanges with neighbouring control
areas at the scheduled values are the two main primary
objectives here.
III. INTERCONNECTED POWER SYSTEM
Large scale power systems are normally divided into
control areas based on the principle of coherency. The
coherent areas are interconnected through tie-lines which are
used for contractual energy exchange between areas and
provide inter-area support during abnormal operations. The
successful operation of interconnected power systems
requires the matching of total generation with total load
demand and associated system losses. Electricity grid
interconnections have played a key role in the history of
electric power systems. Most national and regional power
systems that exist today began many decades ago as isolated
systems, often as a single generator in a large city [20]. As
power systems expanded out from their urban cores,
interconnections among neighbouring systems became
increasingly common. Groups of utilities began to form
power pools, allowing them to trade electricity and share

capacity reserves. One of the great engineering achievements
of the last century has been the evolution of large
synchronous alternating current (AC) power grids, in which
all the interconnected systems maintain the same precise
electrical frequency. By interconnecting separate utilities
with the high voltage transmission system, it is possible to
pool both generation and demand, not only providing a
number of economic and other benefits, including [21-22]:
• An interconnected transmission system providing a more
efficient bulk transfer of power from generation to demand
centres.
• The interconnected transmission system, by linking
together all participants across the transmission system,
makes it is possible to select the cheapest generation
available.
• Transmission circuits tend to be far more reliable than
individual generating units, and enhanced security of supply
is achieved because the transmission system is better able to
exploit the diversity between individual generation sources
and demand.
• An interconnected transmission system enables surplus
generation capacity in one area to be used to cover shortfalls
elsewhere on the system, resulting in lower requirements for
additional installed generation capacity, to provide sufficient
generation security for the whole system.
• Without transmission interconnection, each separate
system would need to carry its own frequency response to
meet demand variations, but with interconnection the net
response requirement only needs to match the highest of the
individual system requirements to cover for the largest
potential loss of power (generation) rather than the sum of
them all.
In India the north, west, east and north east grids are
operating synchronously and all four regions are
interconnected with AC as well as HVDC links. The
Southern region is connected to East and West by HVDC
links. Each regional grid is divided further into state grids
which form the respective control areas. Within a region the
various control areas are interconnected by AC links [23].
IV. HIGH VOLTAGE DIRECT CURRENT
TRANSMISSION
The Advancements in power electronics are making high
Voltage Direct Current Transmission Systems (HVDC) more
and more attractive and reliable. Developing countries like
India and China with their ambitious power capacity
enhancement program are installing more HVDC systems for
long distance transmission [24]. The use of high voltage
direct current (HVDC) interconnections is also rapidly
expanding as a result of technical progress over the last two
decades. HVDC permits the asynchronous interconnection of
networks that operate at different frequencies, or are
otherwise incompatible, allowing them to exchange power
without requiring the tight coordination of a synchronous
network. HVDC has other advantages as well, especially for
transmitting large amounts of power over very long
distances. A two area interconnected system is presented in
the Fig.1[1] connected via HVAC tie line in parallel with
HVDC link.
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Fig. 1: Single line diagram of two area power system with
parallel HVAC/HVDC Links
HVDC is a proven technology employed for power
transmission. The power is taken from one point in an AC
network and converted to DC in a converter station (rectifier)
and transmitted over a line and converted back to AC again in
another converter station (inverter) before it is injected into
the receiving AC network [22]. HVDC interconnection could
contribute better to both technical and economic advantages
of interconnection system [25-26].
The most common reasons behind the choice of HVDC are
[22]:
1) Lower line costs – beyond a certain distance (the
break-even distance) the DC line will pay for the
investment cost for the DC stations (See Fig. 2 ) (ABB,
1998).
2) Lower losses - with HVDC, no reactive power is
transmitted. The line losses are lower than AC. The
losses in the converter terminals are approximately 1.0 –
1.5 per cent of the transmitted power, which is low,
compared with the line losses.
3) Stable operation at low power flow is also among the
other advantages taken into consideration.

Fig. 2 Investment Cost vs. Distance (Source: ABB 1998)
However, HVDC has some shortcomings including [22,
26]:
1) Additional filters have to be installed to absorb the
harmonics occurring in the system.
2) A large reactive power requires to be installed in the
converter station since the system needs reactive power
to be injected to the system to support its normal
operation.
3) If the controllers are not properly set, the HVDC system
may bring about sub synchronous oscillation (SSO)
which can cause instability in the system.
4) Cost of converter station of HVDC system is much
higher than that of AC substation.

Therefore Hybrid interconnection is used i.e. AC and
HVDC both for reliable and economical interconnection of
Power Systems. With this combination of AC/DC systems
the interconnected systems become more stable since HVDC
can damp oscillations by its fast control [27]. Moreover, a
weak AC interconnection (small power exchange) can then
be allowed to exchange increased power between
interconnected systems supported by HVDC control. In an
interconnected electrical power system, as the load varies, the
frequency and tie-line power interchange also vary. To
accomplish the objective of regulating system electrical
frequency error and tie-line flow deviation to zero, a
supplementary control action to control the load reference set
points of selected generating units is utilized [8]. This control
process is referred to as Automatic Generation Control
(AGC). A transfer function model is developed for each
power system and the different controls and links used i.e.
AGC and HVDC. A complete block diagram is developed for
the system and then studied using their dynamic
performances with and without consideration of AGC and
HVDC.
V. AUTOMATIC GENERATION CONTROL
The most important components in the daily operation of
an electrical power system is the scheduling and control of
generation. This function is the primary concern of the
Energy Control Centre, and is largely provided by an AGC.
In general, electrical power systems are interconnected to
provide secure and economical operation. The
interconnection is typically divided into control areas, with
each consisting of one or more power utility companies. The
control areas are connected by transmission lines commonly
referred to as tie-lines and the power flowing between control
areas is called tie-line interchange power [14]. An essential
part of an interconnected system is that all generators in the
system respond to changes in frequency via their governor
speed control. When the load increases in a particular control
area, it is supplied initially by the kinetic energy stored in the
rotating masses of the turbine generators. The result is a drop
in the system frequency throughout the interconnected
system. All generators in the interconnection respond to the
speed change and adjust generation to return the frequency to
a new steady state value, thereby establishing a balance
between the total system generation and the total system load.
The main objectives of Automatic Generation Control
(AGC) are [6]:
1) To maintain the desired megawatt output and the
nominal frequency in an interconnected power system.
2) To maintain the net interchange of power between
control areas at predetermined values.
AGC in the disturbed control area readjusts its generation
in an economical manner such that any tie-line interchange
power deviation that resulted from the load change is
returned to zero, and the new steady-state frequency is
brought back to the scheduled value [5]. The Power System is
first modelled using differential equations. Then its transfer
function model will be formed. The following Fig. 3 shows
the transfer function model of single area power system [14].
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causes the rotation, is controlled and hence the extracted
mechanical power, Pm. This is derived from the fact that these
three quantities, Pm, TA and ω are related by equation [29] (1).
Pm=TA ω
(1)
Therefore controlling TA and ω to remain constant will
cause the power Pm to remain constant as well. The dynamic
modelling of wind power generators (WTG), in order to
estimate their impact on the power system dynamic
behaviour, is a matter of high interest. The development of
these models has been the subject of many discussions: it
requires a compromise between making substantial
simplifications to reduce computational efforts on the one
hand, and maintaining the necessary adequacy to be able to
predict the wind power‟s influence on the electrical power
system‟s dynamic behaviour on the other hand. By
investigating the dynamic behaviour of wind power
generators, more insight is obtained concerning the ability of
a wind farm to provide frequency control [30-31]. It is
independent on any other power system and it is working as a
deregulated system here.

Fig. 3: Load frequency control of an isolated power system

VII.
Fig. 4: Composite block diagram of two area
interconnected system
VI. WIND TURBINE GENERATOR AS
DEREGULATED SYSTEM
The main sources of electrical power have been fuel
burning engines, which use the energy from non-renewable
fuels to mate a shaft connected to an electric generator. These
systems have seen vast improvements in the areas of
efficiency, emissions and controllability because they have
always been the primary power sources. The deregulation of
electricity has seen rise in research geared towards alternative
energy sources. Some of the major sources being investigated
include fuel cells, micro-turbines and wind turbines. Wind
turbines are the main focus of this research. The wind turbine
plant model was divided into two main parts. The first part
was the wind turbine, which included a turbine rotor on a
low-speed shaft a gearbox and high-speed shaft. The second
part was the electric generator whose input was constant
angular rotation from the turbine plant and whose output was
electrical power. Fig. 6 illustrates the general block diagram
of the wind turbine system [29].

Fig. 5: Block Diagram of a Wind turbine System
Although the goal of this control sequence is to maintain a
constant angular speed and constant power, P m. Only the
angular speed is fed back to accommodate the wind speed
fluctuations. This is because controlling the angular speed
automatically means that the aerodynamic torque T A that

NEED FOR INTELLIGENT CONTROLLERS

Intelligent control techniques are of great help in
implementation of AGC in power systems. Today‟s power
systems are more complex and require operation in uncertain
and less structured environment. Consequently, secure,
economic and stable operation of a power system requires
improved and innovative methods of control. Intelligent
control techniques provide a high adaption to changing
conditions and have ability to make decisions quickly by
processing imprecise information [1]. Some of these
techniques are rule based logic programming; model based
reasoning, computational approaches like fuzzy sets,
artificial neural networks, evolutionary programming and
genetic algorithms [6].
VIII. FUZZY LOGIC CONTROLLERS
The inherent characteristics of the changing loads,
complexity and multi-variable conditions of the power
system limits the conventional control methods giving
satisfactory solutions. Artificial intelligence based gain
scheduling is an alternative technique commonly used in
designing controllers for non-linear systems. Fuzzy system
transforms a human knowledge into mathematical formula.
Therefore, fuzzy set theory based approach has emerged as a
complement tool to mathematical approaches for solving
power system problems. Fuzzy set theory and fuzzy logic
establish the rules of a nonlinear mapping. Fuzzy control is
based on a logical system called fuzzy logic which is much
closer in spirit to human thinking and natural language than
classical logical systems. Nowadays fuzzy logic is used in
almost all sectors of industry and science. One of them is
automatic generation control. The main goal of AGC in
interconnected power systems is to protect the balance
between production and consumption. Control algorithms
based on fuzzy logic have been implemented in many
processes [1, 15]. The application of such control techniques
has been motivated by the following reasons [6]:
1) Improved robustness over the conventional linear
control algorithms;
2) Simplified control design for difficult system models;
3) Simplified implementation
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Low –frequency oscillations are a common problem in
large power systems. A power system stabilizer (PSS) can
provide an supplementary control signal to the excitation
system and/or the speed governor system of the electric
generating unit to damp these oscillations. Due to their
flexibility, easy implementation, and low cost, PSSs have
been extensively studied and successfully used in power
systems for many years. Most PSSs in use in electric power
systems employ the classical linear control theory approach
based on a linear model of a fixed configuration of the power
system. Such a fixed-parameter PSS, called a conventional
PSS (CPSS), is widely used in power systems and has made a
great contribution in enhancing power system dynamics [1],
[9]. The power system stabilizer (PSS) is used to generate
supplementary control signals for the excitation system in
order to dampen the low frequency oscillations. The
conventional power system stabilizer is widely used in
existing power systems and has contributed to the
enhancement of the dynamic stability of power systems. The
parameters of CPSS (Conventional Power System Stabilizer)
are determined based on a linearized model of the power
system around a nominal operating point where they can
provided good performance [32]. Because power systems are
highly nonlinear systems, with configurations and parameters
that change with time, the CPSS design based on the
linearized model of the power systems cannot guarantee its
performance in a practical operating environment. To
improve the performance of CPSS, numerous techniques
have been proposed for their design, such us using intelligent
optimization methods (genetic algorithms, neural networks,
fuzzy and many other nonlinear control techniques) [33]. It
recent years, fuzzy logic control has emerged as a powerful
tool and is starting to be used in various power system
applications [1.11,15]. The application of fuzzy logic control
techniques appears to be most suitable one whenever a
well-defined control objective cannot specified, the system to
be controlled is a complex one, or its exact mathematical
model is not available. Recent research indicates that more
emphasis has been placed on the combined usage of fuzzy
systems and neural networks [1, 6, 15, 32, 33].The fuzzy
logic controller designed can be of the form shown in Fig.
6[1]

The fuzzifier transforms the numeric/crisp value into fuzzy
sets; therefore this operation is called fuzzification. The main
component of the fuzzy logic controller is the inference
engine, which performs all logic manipulations in a fuzzy
logic controller. The rule base consists of membership
functions and control rules. Lastly, the results of the inference
process is an output represented by a fuzzy set, however, the
output of the fuzzy logic controller should be a numeric/crisp
value. Therefore, fuzzy set is transformed into a numeric
value by using the defuzzifier. This operation is called
defuzzification. The control signal is given by (2)[1,15]
u (t)= -(Kpy+Ki∫ydt)
(2)
Kp and Ki are the proportional and the integral gains
respectively and taken equal to one.
IX.

In this paper, it has been observed that responses of
frequency deviation with Fuzzy Controller and WTG are
better in terms of steady state error, settling time. Simulation
results justify the use of Fuzzy Controller in deregulated
environment for the supply of reliable and quality power.
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