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Power Quality Improvement Using Dynamic Voltage Restorer






ABSTRACT
Power system  consist of large number of nonlinear load which causes power quality issues. Sensitive components like electronic devices, medical equipment working on power supply are vulnerable to power quality problems. Voltage sag ,Swell ,harmonics ,noise are considered to be some important power quality issues .Voltage dips are the major disturbance affecting the power system .On load tap changers can be used to compensate voltage dip but it is not economical. Dynamic voltage restorer (DVR) is an alternate to conventional method of compensating the voltage .These are custom power devices. The main applications of DVR is to protect sensitive loads that are severely affected by fluctuations in system voltage.








CHAPTER-1
INTRODUCTION
A Power system is having number of components which are to be operated in such a way to satisfy certain criteria. One such criteria is power quality. It plays a very important role in determining efficiency and performance of a power system. As the number of consumer’s increase, the demand for the power also increasing drastically .Along with its quality, continuity of supply has to be ensured for good economy. The power quality issues that are most likely to occur in a power system are voltage sag, voltage swell, flickering and harmonics. These causes malfunctioning in electrical equipment. Due to large and complex power system voltage sag/swell became important power quality issues. The electronic device like oscilloscope are used in hospitals are affected due to harmonics created in the system and flicker causes an irritation to the eyes. All these problems can be overcome by making use of FACT devices which are easy to design and control. Some FACT devices are D-STATCOM, DVR etc. Here in our paper we are making use of a DVR i.e Dynamic voltage restorer to reduce power quality problems DVR is used to reduce voltage sags/swells by injecting required amount of voltages in series with the supply voltage and load point, and maintains reliability of power supply. In steady state condition, DVR will not absorbs/delivers real power. But, whenever voltage sag/swell or unbalance in supply voltage arises in the power system, DVR will operate. 
DYNAMIC VOLTAGE RESTORER
 A DVR is a custom power device which is connected in series to inject the required voltage to the load bus in order to maintain the voltage level. The compensating voltage is injected by three single phase transformer. These voltages are in synchronism with the load voltage. The basic structure of DVR shown in fig.1 consists of following blocks: VSI, Injection transformer, Passive filter, Energy storage unit, Control circuit. 

Voltage Source Inverter (VSI): 
A circuit which can create AC voltage from DC source is called VSI.
Voltage injection transformer:
The AC voltage generated by VSI is stepped up by an transformer called injection transformer to the to nominal voltage level. The amount of voltage sag/swell compensated by DVR depends upon the rating of injection transformer and inverter. 
Passive filter: 
The harmonics present in the output of the VSI should be eliminated before injecting it to line. For this purpose passive filter can be connected on either side of the transformer.
 Energy storage unit:
 During compensation, the required injection voltage is supplied by this unit. The Energy storage devices are lead acid batteries. Depending on the voltage to be injected the battery specifications can be selected. Proper combination of voltage source converter and battery storage unit should be designed so as to fulfill the injection voltage demand. 


Control circuit: 
Control circuit monitors performance of the system. It detects/observes the disturbances in the system voltage by comparing the line voltage with reference. In the previous work the generation of reference voltage was by using a voltage source but in our paper we have used mathematical modelling to generate reference voltage. This new method is more accurate since it gives the ideal voltage, the error signal generated as a result of comparison will correspondingly trigger VSI (Voltage source inverter) switches
MODES OF OPERATION OF DVR 
Protection model
During fault, the DVR is protected from the high current in the load side due to short circuit on the load or large inrush currents the DVR will be isolated from the system by using bypass switches (S2 and S3 will open) and providing an alternative path for current (S1 will be closed). Standby mode (VDVR = 0)
During normal operation, the DVR may either go into short circuit operation which is called standby mode or inject small voltage to compensate the voltage drops on transformer reactance or losses. Generally standby mode is preferred 
Injection/boost mode (VDVR>0):
 As soon as sag is detected the DVR goes into injection mode. AC voltage is injected in series with required magnitude, phase and wave shape for compensation.

Direct AC/AC converter based topology of DVR
This topology eliminates the need of DC-link/energy storage element. The DVR topologies are based on both conventional ac/dc/ac (DC-link) conversion and ac/ac (AC link) direct conversion. Conventional ac/dc/ac topologies are categorized into two groups. In first group the necessary dc voltage is provided through a transformer from the grid (source side or load side) via a rectifier. In the second group the necessary energy for compensation of voltage is taken from the dc capacitor or another energy storage element via an inverter. The energy storage element are the most expensive and massive part of the DVR .Beside the conventional topologies, some topologies have been presented for DVRs which use direct ac/ac converters without need for energy storage elements and intermediate dc link .Conventional topology usually includes a voltage source inverter (VSI). In ac/ac conversion topologies matrix converter and Vector Switching Converter VeSC are popularly used. Advantages and disadvantages with the AC link DVR are as below,: 
Advantages:
· Less cost. 
· Less weight and volume because it eliminates the use of heavy DC link capacitor (or energy storage element). 
· Compensation can be accomplished for long time. •Reduced installation area. 

Disadvantages
· High no. of switches.
· Limited compensation range because operation in case of deep 
· sags may not be successful.
POWER CIRCUIT
In basic DVR topology, power circuit of DVR consists of an injection/booster transformer, a harmonic filter, an energy storage device, a voltage source inverter and a bypass switch. 
Injection / Booster transformer
The basic function of the injection transformer is to connect the DVR to the distribution network via the HV-windings and couples the injected compensating voltage generated by Voltage Source Inverter (VSI) to the incoming supply voltage after the detection of any voltage disturbance by the control circuit. The injection transformer increases the voltage supplied by the filtered VSI output to the desired level, in addition it serves the purpose of isolating the DVR circuit from the distribution network. For single phase DVR one single-phase transformer is connected and for a three phase DVR, three single-phase transformers or a single three phase transformer can be connected either in delta/open or star/open configuration. The winding configuration of the injection transformer is very important and it mainly depends on the upstream distribution transformer.
· If delta-star transformer is used in distribution feeder, zero-sequence voltages will not circulate through the transformer when earth faults occur on the higher voltage level. Therefore, restoration of positive sequence and compensation of negative voltage are necessary. Hence, a delta-open injection transformer can be used. The delta/open winding as shown in figure 5 maximizes the utilization of DC link voltage.
· If an earthed star-star distribution circuit transformer is used, zero sequence voltages have to be compensated. For this case, a star-open injection transformer as shown in figure 6 is used with injection of zero sequence voltages from the DVR.
The transformer ratio can be sized to have maximum utilization of the converter. The rating of the injection transformer is an key factor when deciding the DVR performance, since it limits the maximum compensation capability of the DVR, if the transformer is under rated the injected voltage may saturate the transformer and result in improper operation of the DVR, this problem can be solved by over rated transformer, however this increases the overall size and price of the DVR.











CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM
 
A power system is having number of components which are to be operated in such a way to satisfy certain .One such criteria is power quality .It plays a very important role in determining efficiency and performance of a power system. As the number of consumer’s increase, the demand for the power also increasing drastically .Along with its quality ,continuity of supply has to be ensured for good economy. The power quality issues that are most likely to occur in a power system are voltage sag, voltage swell, flickering and harmonics. These causes malfunctioning in electrical equipment.

2.1.1 DRAWBACKS OF EXISTING SYSTEM 

Due to large and complex power system voltage sag/sweel became important power quality issues. The electronic device like oscilloscope are used in hospitals are affected due to harmonics created in the system and flicker causes an irritation to the eyes.



2.2. PROPOSED SYSTEM
Here in our paper we are making use of a DVR i.e dynamic voltage restorer to reduce power quality problems DVR is used to reduce voltage sags/swells by injecting amount of voltages in series with the supply voltage and load point, and maintains reliability of power supply. In steady state condition, DVR will not absorbs/delivers real power. But, whenever voltage sag/swell or unbalance in supply voltage arises in the power system, DVR will operate. 
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
SVPWM has an advantage over such technique such as better dc utilisation and easy implementation with digital signal processor. In order to prevent the consequences of poor PQ and to improve the utility performance the electric power are analysed to resolve the PQ issues in order to determine the efficient compensation technique.









		CHAPTER 5
CONCLUSION

Power quality plays a vital role in performance of power system. The power quality gets affected due to sag, swell, distortion. In these, voltage unbalance is considered to be major problem. Flexible AC transmission devices are used to overcome these problems. Among which DVR is considered to be reliable one. Voltage sag, swell are simulated and results are shown for how they can be compensated by DVR. The DVR performance is found to be satisfactory.
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