
IJSRD - International Journal for Scientific Research & Development| Vol. 7, Issue 01, 2019 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 199 

Modeling and Simulation of Custom Power Devices to Mitigate Power 

Quality Problem 

Abhishek Kumar1 Manoj Kumar Dewangan2 
1M.Tech Scholar 2Assistant Professor 

1Department of Power System & Control 2Department of Electrical Engineering 
1,2VEC, Lakhanpur, Ambikapur (C.G.), India

Abstract— A Power quality problem is an occurrence 

manifested as a nonstandard voltage, current or frequency 

that results in a failure or a mis-operation of end user 

equipments.  Utility distribution networks, sensitive 

industrial loads and critical commercial operations suffer 

from various types of outages and service interruptions which 

can cost significant financial losses. With the restructuring of 

power systems and with shifting trend towards distributed 

and dispersed generation, the issue of power quality is going 

to taken ewer dimensions. In developing countries like India, 

where the variation of power frequency and many such other 

determinants of power quality are themselves a serious 

question, it is very vital to take positive steps in this direction. 

The present work is to identify the prominent concerns in this 

area and hence the measures that can enhance the quality of 

the power are recommended. This work describes the 

techniques of correcting the supply voltage sag, swell and 

interruption in a distributed system. At present, a wide range 

of very flexible controllers, which capitalize on newly 

available power electronics components, are emerging for 

custom power applications. Among these, the distribution 

static compensator and the dynamic voltage restore rare most 

effective devices, both of them based on the VSC principle. 

A DVR injects a voltage in series with the system voltage and 

a D-STATCOM injects current into the system to correct the 

voltage sag, swell and interruption. Comprehensive results 

are presented to assess the performance of each device as a 

potential custom power Solution. 
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I. INTRODUCTION 

Initially for the improvement of power quality or reliability 

of the system FACTS devices, like static synchronous 

compensator (STATCOM), static synchronous series 

compensator (SSSC), interline power flow controller (IPFC) 

and unified power flow controller (UPFC) etc are introduce. 

These FACTS devices are designed for the transmission 

system. But now a day more attention is on the distribution 

system for the improvement of power quality, these devices 

are modified and known as custom power devices. The main 

custom power devices which used in distribution system for 

power quality improvement are distribution static 

synchronous compensator (D-STATCOM), dynamic voltage 

Restorer (DVR), active filter (AF), unified power quality 

conditioner (UPQC) etc. In this thesis from the above custom 

power devices, D-STATCOM and DVR are used With PI 

controller for the power quality improvement in the 

distribution system. Here, different loads are considered with 

different fault condition and analyze the operation of 

DSTATCOM and DVR in distribution system. 

II. SCOPE OF WORK 

From the literature review, it is observed that the work on the 

investigation on power with compensating devices have the 

wide area. However it is observed that there is scope to 

investigate the effectiveness of compensating devices for 

different loads and with different loading conditions in 

distribution system. As the distribution system locates the end 

of power system and is connected to the customer directly, so 

the reliability of power supply is increasing day by day, so the 

reliability of the distribution system has to be increased. 

Electrical distribution network failures account for about for 

the average customer interruptions. So it is highly required to 

increase the reliability of the distribution system. 

 The objective of proposed work is to improve the 

power quality or reliability in the distribution system with the 

use of custom power devices like D-STATCOM and DVR 

Different fault conditions are applied the load to analyzed the 

comparative operation of DSTATCOM and DVR for the 

improvement the power quality in distribution system. and 

DVR in distribution system. 

III. POWER QUALITY ISSSUE 

Power quality in electric networks is one of today’s most 

concerned areas of electric power system. The power quality 

has serious economic implications for consumers, utilities 

and electrical equipment manufactures. Modernization and 

automation of industry and increasing use of computers, 

microprocessor and power electronics system such as 

adjustable speed drive. Integration of non-conventional 

generation technologies such as fuel cells, wind turbines and 

photo-voltaic with utility grids often requires power 

electronic interfaces. The power electronic system also 

contributes to power quality problem. Power quality may be 

defined as the “Degree to which both the utilization and 

delivery of electric power affects the performance of 

electrical equipment.” From a customer perspective, a power 

quality problem is defined as “Any power problem 

manifested in voltage, current, or frequency deviations that 

results in power failure or disoperation of customer 

equipment. In a three-phase system, unbalanced voltages also 

are a power quality problem.    Among them, two power 

quality problems have been identified to be of major concern 

to the customers are voltage sags, swell and harmonic, but 

this project will be focusing on voltage sag and 

IV. DYNAMIC VOLTAGE RESTORER (DVR) & WORKING 

PRINCIPLE 

The DVR is a solid state dc to ac switching power converter 

that injects a set of three single phase ac output voltages in 

series with the distribution feeder and in synchronism with 

the voltages of the distribution system. The reactive power 
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exchanged between the DVR and distribution system is 

internally generated by the DVR without any ac passive 

reactive components, i.e. reactors and capacitors. For large 

variations in the source voltage, the DVR supplies partial 

power to the load from a rechargeable energy source attached 

to the DVR dc terminal. The DVR, with its three single phase 

independent control and inverter design is able to restore line 

voltage to critical loads during sags caused by unsymmetrical 

as well as symmetrical three phase faults on adjacent feeders 

or disturbances that may originate many miles away on the 

higher voltage interconnected transmission system. 

 
Fig. 4.1: Block Diagram of DVR 

 
Fig. 4.2: Circuit Block   Diagram OF DVR 

A. Basic Configuration of DVR 

The general configuration of the DVR consists of, 

1) An Injection/ Booster transformer 

2) A Harmonic filter 

3) Storage Devices 

4) A Voltage Source Converter (VSC) 

5) DC charging circuit 

6) A Control and Protection system 

7) Voltage Injection/ Booster transformer 

B. Equations Related To DVR  

The schematic diagram of a DVR is shown in figure 4.7. 

 
Fig. 4.1.1: Schematic Diagram of a DVR 

V. DISTRIBUTION STATIC SYNCHRONOUS COMPENSATOR (D-

STATCOM) 

The DSTATCOM is basically one of the custom power 

devices. It is nothing but a STATCOM but used at the 

Distribution level. The key component of the DSTATCOM is 

a power VSC that is based on high power electronics 

technologies.The block diagram of D-Statcom    is shown in 

figure 5.1. 

 
Fig. 5.1: Block Diagram of D-STATCOM 

 
Fig. 5.2: Principle of D-STATCOM 

 The ac voltage control is achieved by firing angle 

control. Ideally the output voltage of the VSC is in phase with 

the bus voltage. In steady state, the dc side capacitance is 

maintained at a fixed voltage and there is no real power 

exchange, except for losses. Schematic diagram of a D-

STATCOM is shown in figure 5.2 [5]. 
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Fig. 5.3: Schematic Diagram of a D-statcom 

VI. SIMULATION OF D-STATCOM & DVR 

A controller is required to control or to operate both D-

Statcom and DVR during the fault condition only. Load 

voltage is sensed and passed through a sequence analyzer. 

The magnitude of the actual voltage is compared with 

reference voltage i.e VREF Pulse width  modulated (PWM) 

control system is applied for inverter switching so as to 

generate a three phase 50Hz sinusoidal voltage at the load 

terminals 

 
Fig. 6.1: Schematic of Controller 

 
Fig. 6.2: Phase Modulation of the Control Angle 

A. Parameters of DVR Test System 

 

B. Single Line Diagram of the DVR Test System 

The Simulink Model of Test System without Fault and 

Without DVR is shown in figure 6.3.  

 
Fig. 6.2: Simulink Model of Test System without Fault and 

without DVR 

 Power grid and a lowered ability to supplant 

conventional generation can occur. The power electronic 

switching devices such as Flexible AC Transmission System 

(FACTS) have been developed; introduction of customs 

power devices and the technology of emerging branch 

provide a modern control capability of power system. This 

project work describes how the SVC installation creates 

power quality problem in power grid system.    

C. Simulink Model of Test System and Result  

 
Fig. 6.3.1: Simulink Model of Test System without Fault 

and Without DVR 

D. Simulation Results without Fault and without DVR 

The RMS value of Voltage in p.u, instantaneous voltages, line 

to line voltage and phase voltage of the simulation result 

shown in the figure. 6.4.1, 6.4.2, 6.4.3 and 6.4.4 respectively, 

when the system considering no fault and no connection of 

DVR. The line to line voltage is 11KV and phase voltage is 

6.3508V is measured. 

 
Figure 6.4.1 Voltage VRMS ( p.u) at Load Side. 
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Fig. 6.4.2: Instantaneous Values in p.u at Load Side. 

 
Fig. 6.4.3: Line to Line Voltages (KV) at Load Side 

 
Fig. 6.4.4: Phase Voltage (KV) at Load Side 

1) Simulink model of test system with fault but without DVR 

The simulink model with fault without DVR is shown in 

figure 6.4.2.1. In this simulink model we have system which 

fed the two buses or feeders through two winding transformer 

as shown.    

 On the upper bus we are applying the 3phase Line to  

ground fault(3LG) , here we are not considering the presence 

of DVR and have to observe the effect on voltages on the 

lower bus(second bus or second feeder). 

 
Fig. 6.4.2.1: Simulink Model With fault Without DVR 

2) Simulation Result of Test System with Fault and Without 

DVR 

The simulation result showed in the figure 6.4.4.1, 6.4.4.2, 

6.4.4.3 and 6.4.4.3 respectively. From the following results it 

is observed that during the fault time i.e 0.4-0.6 sec, the 

voltage sag to some finite value. Since the fault is on upper 

bus, hence sag may be 70-80 %. The sag on the lower bus at 

the load side is nearly 10-15%, and measured the line to line 

voltage value and phase voltage value during fault time is 

10.1KV and 6.01KV, respectively. 

 
Fig. 6.4.4.1: Voltage Vrms( p.u) at Load Side. 

 
Fig. 6.4.4.2: Instantaneous Values in p.u at Load Side. 

 
Fig. 6.4.4.3: Line to Line Voltage (KV) at Load Side 

 
Fig. 6.4.4.4: Phase Voltage (KV) at Load Side. 

VII. PARAMETERS OF D-STATCOM TEST SYSTEM 

The test system consists of 230KV, 50Hz transmission line 

(considered to be source). This source, feeding two 

distribution network through a three winding transformer 

connected in Y/Δ/Δ 230/11/11 KV. The single line diagram 

of the test system for D-STATCOM is showen figure 6.30 

 
Fig. 6.30: Single Line Diagram of the Test System for D-

statcom 
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Table 6.2: System parameter data 

VIII. CONCLUSIONS & FUTURE SCOPE 

A. Conclusion 

This project   report has presented the study and simulation 

model of custom power equipment, namely D-STATCOM 

and DVR, and applied them for power quality problem such 

as voltage sag and voltage swell. The highly develop graphic 

facilities available in MATLAB is used to conduct all the 

aspect of model implementation and to carry out extensive 

simulation studies. 

 A controller which is based on closed loop technique 

is used which generate error signals and this signals are used 

to trigger the switches of inverter using pulse width 

modulation (PWM) scheme in the D-STATCOM and DVR, 

this PWM control scheme only requires voltage  

measurements. The simulations are carried out for both sag 

and swell on 11KV feeder using both D-Statcom and DVR as 

custom power devices and it has been found that DVR 

provide excellent voltage regulation capabilities. It is also 

observed that the DVR capacity for power compensation and 

voltage regulation depends mainly on two factors that is, the 

rating of the dc storage device and the coupling transformer. 

B. Future Scope 

The following point can be consider for future extension of 

work 

 The control circuit can be implemented usesy fuzzy, 

PQ technique and adaptive PI fuzzy that means artificial 

intellijent controller may employ in the compensation 

scheme. 

 Result can be improve by considering the operation 

with multi-level inverter 

 Both custom devices can be established for active 

loads like wind turbine and solar source. 
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