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Abstract

The development of the modern power system has led to an increasing complexity in the study of power flow
operation and also presents new challenges to system stability. Stability plays a significant role in ensuring the
stable operation of power system with continuous power flow operation without any limitations. Flexible
alternating current transmission system (FACTS) is an application of a power electronics devices which is used
to control the power flow and to improve the power system stability. From family of FACTs devices, STATCOM
is one of the recently developed converter based Flexible Alternating Current Transmission System controller
which has the ability to control all parameters of power system such as voltage, impedance and phase angle.
The study of steady state model of STATCOM is carried out here by the use of Newton-Raphson power flow.
Multi-control functional model of a STATCOM for power system steady state operation is studied and discussed
and standard IEEE bus test systems are used to illustrate the multi-control functional model of a STATCOM,
voltage control specifically. The model is simulated by using MATLAB software.

I.Introduction

The gap between the generation and consumer demand due to continuous increasing load affects on the quality
of power system stability and load voltage which may influence on the sensitive electronic equipments.due to
the variable load, voltage sag and swell are created at the distribution side. The sensitive electronic equipment’s
have to be tolerated to operate within its limitation. Also change in demand will give the system towards
instability. Hence it is necessary to give the reliable continuous operation by the utility with good power
quality. In order to make system reliable with quality of power, different FACTS controllers are developed. The
STATCOM is the one of most powerful FACTS device from the family of FACTS devices The static
compensator (STATCOM) is one of the most prominent members in the family of flexible AC transmission
system (FACTS) devices, plays important role in improving system stability. It is connected in shunt to the
transmission grid. Its basic purpose is to provide voltage support to the transmission/ distribution grid through
controlled reactive power injection. However, apart from the voltage support, it is also used to provide damping
to the transmission grid for enhancing the stability of the system.

The STATCOM is the shunt FACTS devices based on voltage source converter (VSC). The principal
advantages of shunt capacitors are their low cost and flexibility of installation and operation. The steady state
model of STATCOM is first studied for its implementation in the Newton-Raphson power flow and an attempt
has been made to address one of the control function of the STATCOM in power system steady state operation.

IL.STATCOM

The Static Synchronous Compensator (STATCOM) is a shunt device of the Flexible AC Transmission Systems
(FACTS) family using power electronics to control power flow and improve transient stability on power
grids. The STATCOM regulates voltage at its terminal by controlling the amount of reactive power injected into
or absorbed from the power system. When system voltage is low, the STATCOM generates reactive power
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(STATCOM capacitive). When system voltage is high, it absorbs reactive power (STATCOM inductive). In
steady state operation, the voltage V2 generated by the VSC is in phase with V1 (6=0), so that only reactive
power is flowing (P=0). If V2 is lower than V1, Q is flowing from V1 to V2 (STATCOM is absorbing reactive
power). On the reverse, if V2 is higher than V1, Q is flowing from V2 to V1 (STATCOM is generating reactive
power). A capacitor connected on the DC side of the VSC acts as a DC voltage source. In steady state the
voltage V2 has to be phase shifted slightly behind V1 in order to compensate for transformer and VSC losses
and to keep the capacitor charged. Two VSC technologies can be used for the VSC.
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Fig 1.Basic structure of STATCOM

III1. Literature Review

The flexible ac transmission system (FACTS) is a new technology, based on power electronics, to enhance
power system capability through the ability of high-speed electronic control of ac transmission line parameters
[1]. The STATCOM is the one of most powerful FACTS device from the family of FACTS devices [2]. Power
system stability is defined as that property of a power system that enables it to remain in a state of operating
equilibrium under normal operating conditions and to regain an acceptable state of equilibrium after being
subjected to a disturbances [3]. The static compensator (STATCOM) is one of the most prominent members in
the family of flexible AC transmission system (FACTS) devices, plays important role in improving system
stability. It is connected in shunt to the transmission grid. Its basic purpose is to provide voltage support to the
transmission/ distribution grid through controlled reactive power injection. However, apart from the voltage
support, it is also used to provide damping to the transmission grid for enhancing the stability of the system [4].
The concept of using solid state, power electronic converters for power flow control at the transmission level
has been known as FACTS [5]. A faster solution is obtained using the Newton- Raphson method and is suitable
for large-scale problems. In this approach, the partial derivatives are used to construct the Jacobian matrix
solution. The Newton-Raphson solution approach is much faster than the other approaches.[6]. Y. Zhang, B. Wu
and J. Zhou, provides detail description related Newton Raphson power flow algorithm [7]. Enrique Acha
presents an approach for FACTS Modelling [8]. References [9-11] discuss about the concept of STATCOM
modeling. The output voltage of a STATCOM is controlled such that it provides the requisite amount of reactive
power compensation to any system bus to which it is connected [12]. Suman Bhowmick, Biswarup Das and
Narendra kumar, present an approach for STATCOM model for power flow analysis as well power flow
equations in proposed STATCOM model [13]. The performance of 30 bus system with and without STATCOM
discuss in reference [14]. References [15-22] discuss about the concept of power flow model, controllers etc
and discuss about the voltage stability improvement in power system.

IV. Problem definition

The power flow problem is formulated as a set of nonlinear equations. Many calculation methods have been
proposed to solve this problem. Among them, Newton-Raphson which is considered as the state of the art
power-flow technique adopted for industry applications. The main advantage of the Newton Raphson method is
its quadratic rate of convergence, which is faster than any other power-flow method. NR power flow equations
given by
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k=1 V.PROPOSED SOLUTION
The study of steady state model of the STATCOM for NR load flow analysis and one of the control function of
the STATCOM. To incorporate STATCOM for steady state operation in power system, following methodology
will be adapted.

1. Study load flow using Newton Raphson load flow analysis.

2. Study of STATCOM and its Steady State power flow model.

3. Implementation of steady state model of STATCOM in NR load flow method.

4. Multi-control functions (9 controls) of STATCOM, out of which the control function which is mostly
related to the stability will be under consideration and hence will be investigated on standard IEEE bus test
systems.

Conclusion:

In this project, STATCOM is used to control the power flow in transmission line. From fact family, STATCOM
is custom power device which has many advantages such as low cost, fast control. It has many multicontrol
function which has steady state operation in power system. There are two solutions associated with current
magnitude control. Alternative formulations of control functions are proposed in this paper. The reactive power
flow and apperent power control functions which may be used in either normal control or security control of
electric power systems, are interesting and attractive. Numerical results based on IEEE 14 bus system with
multicontrol functional STATCOM model for have demonstrated by using MATLAB software.

Furthermore, a comprehensive strategy for enforcement of the multi-violated STATCOM internal and external
constraints has been proposed. numerical results show that the strategy proposed can enforce successfully the
multiple violated voltage and constraints.
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