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Abstract-In electrical power system voltage flicker occurs mainly due the disturbance produce by the large non-linear loads such as electric arc furnace, pump welding machine, rolling mills, etc. In recent years power quality in power system becomes very important due to growth of industrial plants, increase in energy consumption and classification of electrical loads. Voltage flicker is one of the common problems that have negative effect on the power quality. Voltage flickering affects power electronic devices and their lifetimes. Voltage flicker is rapid and unpredictable. Thus for proper operation and improving the power quality of the transmission system the voltage flicker must be removed. So for removing voltage flicker we are using STATCOM, which is a shunt connected FACTS device. Static synchronous compensator (STATCOM) is mainly used for the voltage control and fast reactive power compensation. 
I. Introduction
Voltage flicker occurs when heavy loads are periodically turned on and off in a weak distribution system. If the distribution system’s short circuit capacity is not large enough, voltage fluctuations will occur. Starting large motors require an inrush of current, which causes a decrease in voltage. This voltage depression may cause a visible flicker on lighting circuits connected to the same power system. Voltage flickering can be extremely harmful to sensitive electronic equipment. Computerized equipment requires stable voltage to perform properly. For this reason, voltage flicker is a major power quality problem. The magnitude of the voltage flicker depends upon the size and type of the electrical load that is producing the disturbance. A sag in voltage can also cause a voltage flicker; sudden voltage drops in the electrical distribution system can generate inrush current which can travel to sensitive 





II. Introductions to Facts
Flexible AC Transmission Systems, called FACTS, got in the recent years a  well-known  term for higher controllability in power systems by means of power electronic devices. Several FACTS-devices have been introduced for various applications worldwide. A number of new types of devices are in the stage of being introduced in practice. In most of the applications the controllability is used to avoid cost intensive or landscape requiring extensions of power systems, for instance like upgrades or additions of substations and power lines. FACTS-devices provide a better adaptation to varying operational conditions and improve the usage of existing installations. The basic applications of FACTS-devices are:
Power flow control,
Increase of transmission capability,
Voltage control,
Reactive power compensation,
Stability improvement,
Power quality improvement,
Power conditioning,
Flicker mitigation,
Interconnection of renewable and distributed
generation and storages.

III. Shunt Devices
The most used FACTS-device is the SVC or the version with Voltage Source Converter called STATCOM. These shunt devices are operating as reactive power compensators. The main applications in transmission, distribution and industrial networks are:
Reduction of unwanted reactive power flows and
therefore reduced network losses.
Keeping of contractual power exchanges with balanced reactive power.
Compensation of consumers and improvement of
power quality especially with huge demand fluctuations like industrial machines, metal melting plants, railway or underground train systems.
Compensation of Thyristor converters e.g. in
conventional HVDC lines.
Improvement of static or transient stability.
Almost half of the SVC and more than half of the STATCOMs are used for industrial applications. Flickering lamps are no longer accepted, nor are interruptions of industrial processes due to insufficient power quality
IV. STATCOM
In 1999 the first SVC with Voltage Source Converter called STATCOM went into operation. The STATCOM has a characteristic similar to the synchronous condenser, but as an electronic device it has no inertia and is superior to the synchronous condenser in several ways, such as better dynamics, a lower investment cost and lower operating and maintenance costs. A STATCOM is build with Thyristors with turn-off capability like GTO or today IGCT or with more and more IGBTs. The static line between the current limitations has a certain steepness determining the control characteristic for the voltage.
The advantage of a STATCOM is that the reactive power provision is independent from the actual voltage on the connection point. This can be seen in the diagram for the maximum currents being independent of the voltage in comparison to the SVC. This means, that even during most severe contingencies, the STATCOM keeps its full capability. In the distributed energy sector the usage of Voltage Source Converters for grid interconnection is common practice today. The next step in STATCOM development is the combination with energy storages on the DC-side. The performance for power quality and balanced network
operation can be improved much more with the combination of active and reactive power.
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Fig 1. STATCOM structure and voltage / current characteristic

STATCOMs are based on Voltage Sourced Converter (VSC) topology and utilize either Gate-Turn-off Thyristors (GTO) or Isolated Gate Bipolar Transistors (IGBT) devices. The STATCOM is a very fast acting, electronic equivalent of a synchronous condenser. If the STATCOM voltage, Vs, (which is proportional to the dc bus voltage Vc) is larger than bus voltage, Es, then leading or capacitive VARS are produced. If Vs is smaller then Es then lagging or inductive VARS are produced.
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Fig 2  Pulses STATCOM

The three phases STATCOM makes use of the fact that on a three phase, fundamental frequency, steady state basis, and the instantaneous power entering a purely reactive device must be zero. The reactive power in each phase is supplied by circulating the instantaneous real power between the phases. This is achieved by firing the GTO/diode switches in a manner that maintains the phase difference between the ac bus voltage ES and the STATCOM generated voltage VS. Ideally it is possible to construct a device based on circulating instantaneous power which has no energy storage device (i.e no dc capacitor). A practical STATCOM requires some amount of energy storage to accommodate harmonic power and ac system unbalances, when the instantaneous real power is non-zero. The maximum energy storage required for the STATCOM is much less than for a TCR/TSC type of SVC compensator of comparable rating.
Several different control techniques can be used for the firing control of the STATCOM. Fundamental switching of the GTO/diode once per cycle can be used. This approach will minimize switching losses, but will generally utilize more complex transformer topologies. As an alternative, Pulse Width Modulated (PWM) techniques, which turn on and off the GTO or IGBT switch more than once per cycle, can be used. This approach allows for simpler transformer topologies at the expense of higher switching losses. 



V. Series Devices
Series devices have been further developed from fixed or mechanically switched compensations to the Thyristor Controlled Series Compensation (TCSC) or even Voltage Source Converter based devices. The main applications are:
Reduction of series voltage decline in magnitude and angle over a power line.
Reduction of voltage fluctuations within defined limits during changing power transmissions.
Improvement of system damping respectively damping of oscillations.
Limitation of short circuit currents in networks or
Substations.
Avoidance of loop flows resp. power flow adjustments.

VI. Voltage Flicker
Flicker is a difficult problem to quantify and to solve. The untimely combination of the following factors is required for flicker to be a problem: 1) some deviation in voltage supplying lighting circuits and 2) a person being present to view the possible change in light intensity due to the voltage deviation. The human factor significantly complicates the issue and for this reason flicker has historically been deemed "a problem of perception." The voltage deviations involved are often much less than the thresholds of susceptibility for electrical equipment, so major operating problems are only experienced in rare cases. To office personnel, on the other hand, voltage deviations on the order of a few tenths of one percent could produce extremely annoying fluctuations in the output of lights, especially if the frequency of repetitive deviations is 5-15 Hz. Due to the clear relationship between voltage deviation and light response, the term "flicker" often means different things to different people with the interpretation primarily governed by the concerns of a particular discussion.

VII. Flicker Measurement Introduction
The power supply network voltage varies over time due to perturbations that occur in the processes of electricity generation, transmission and distribution. Interaction of electrical loads with the network causes further deterioration of the electrical power quality. High power loads that draw fluctuating current, such as large motor drives and arc furnaces, cause low frequency cyclic voltage variations that result in: flickering of light sources which can cause significant physiological discomfort, physical and psychological tiredness, and even pathological effects for human beings, problems with the stability of electrical devices and electronic circuits
.
VIII. Controlling System
The concept of instantaneous reactive power is used for the controlling system. Following this, the 3-phase voltage upon the use of the park presented by Akagi [24] has been transformed to the synchronous reference frame (Park or dq0 transformation). This transformation leads to the appearances of three instantaneous space vectors: Vd on the d-axis (real or direct axis), Vq on the q-axis (imaginary or quadrature axis) and V0, from the 3-phase voltage of Va, Vb and Vc. The related equations of this transformation, expressed in the MATLAB software, are as follows: [image: ]
Fig 3  Instantaneous components of the 3-phase voltage flicker waveform
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Then, we may conclude that the decrease of the voltage flicker of the network and the compensating control to decrease the voltage flicker can be limited only based on the amount of the imaginary component of the instantaneous voltage (Vq).



IX. Compensation System
A typical two-bus power system shown in figure is simulated in MATLAB for this study. It can be seen that the voltage oscillation was produced by a 3-phase flicker source connected to the main bus-bar. The complete STATCOM control system scheme implemented on MATLAB is shown in figure 5.3. First, using a 3-phase converter to dq0, the instantaneous vectors Vd, Vq and V0, are evaluated from the output 3-phase voltages whose equations were explained in the previous section. Then, from the obtained instantaneous components, sampling is taken place. Since the controlling system uses just Vq to control the STATCOM, a de-multiplexer is used to extract Vq voltage from Vd and V0. The obtained Vq is then entered as an input to the controlling function upon the MATLAB software. The controlling function generates the amount of conducting angle, needed for the GTOs of the STATCOM. A phase shifting block is designed to control the appropriate phase angle of the exerting pulses upon the GTOs of the STATCOM. The outputs of this unit are entered into the STATCOM as inputs.
[image: ]
Fig 5. Power system network

X. Simulation and Analysis of the Results
In order to investigate the influence of the STATCOM as an effective mitigating device for voltage flicker, three types of compensators are simulated in MATLAB. First, the voltage flicker compensation is adopted using FCTCR. Then a 6-pulse voltage-source converter STATCOM is used and finally for a complete voltage flicker mitigation a
12-pulse voltage-source converter STATCOM is designed. The compensation techniques and their results are presented in this section.

XI. Compensation Using 6-pulse Voltage-source Converter STATCOM
The circuit diagram of a three-phase 6-pulse voltage source converter STATCOM is shown in figure 5.6. Six valves compose the converter and each valve is made up of a GTO with a diode connected in anti-parallel. In this type of STATCOM, each GTO is fired and blocked one time per line voltage cycle. In this case, each GTO in a single branch is conducted during a half-cycle (180 degree) of the fundamental period. The combined pulses of each leg have a 120 degrees phase difference to produce a balanced set of voltages. By adjusting the conducting angle of the GTOs, the generated voltage and then the injected or absorbed power of the STATCOM are controlled. In this respect, the compensated output voltage by 6-pulse voltage-source converter STATCOM is presented in figure.
[image: ]
Fig 6. VSI

XII. Controlling Unit

[image: ]
Fig 6  Controlling block
[image: ]
Fig 7  Output of 6 pulse VSI
It can be seen that the mitigation effects of this compensator is better than that of FCTCR and effectively mitigate the voltage flicker; but the output voltage waveform has some considerable harmonics. The instantaneous output line-to-line voltage (Vab) of the 6- pulse voltage-source converter is as follows:
harmonics (namely 17th, 19th and above) have values very close to zero

XIII. Conclusions
The design and application of STATCOM technology based on voltage-source converters for voltage flicker mitigation is discussed in this paper. Mitigation is done in three stages and the results are compared and contrasted. First, FCTCR is used to compensate for the voltage flicker, then a 6- pulse voltage-source converter STATCOM and finally a 12- pulse STATCOM based on voltage-source converter equipped with an RLC filter are designed for complete voltage flicker compensation without harmonics. All the simulated results which have been performed in MATLAB show that a 6-pulse STATCOM is efficiently effective in decreasing the voltage flicker of the generating loads. However, there is injection of the harmonic from STATCOM into the system which can be improved with the increase of the voltage source converters of STATCOM using a 6-pulse STATCOM equipped with an RLC filter. The obtained results clearly demonstrate that 6-pulse STATCOM equipped with an RLC filter can reduce the voltage flicker caused by nonlinear loads such as electric arc furnaces.
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