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Abstract:Quality of the output power delivered from the 

utilities has become a major concern of the modern 

industries for the last decade. These power quality 

associated problems are voltage sag, surge, flicker, voltage 

imbalance, interruptions and harmonic problems. To 

overcome the problems caused by customer side 

abnormalities so called custom power devices are 

connected closer to the load end. One such reliable 

customer power device used to address the voltage sag, 

swell problem is the Dynamic Voltage Restorer (DVR). It is 

a series connected custom power device, which is 

considered to be a cost effective alternative when 

compared with other commercially available voltage sag 

compensation devices. With the integration of ultra-

capacitors (UCAP) with the DVR&Fuzzy Logic Controller 

(FLC), the UCAP-DVR system will have active power 

capability and will be able to independently compensate 

temporary voltage sags and swells without relying on the 

grid The proposed system helps in providing a stiff dc-link 

voltage, and the integrated UCAP-DVR-FLC system helps 

in compensating temporary voltage sags and voltage 

swells. The MATLAB/SIMULINK power system tool box 

has been used to develop the proposed system. 

Index Terms—DC–DC converter, d–q control, DSP, 

dynamic voltage restorer (DVR),FLC Controller , energy 

storage integration, phase locked loop (PLL), sag/swell, 

Ultracapacitor (UCAP). 

 

1Introduction 

The electric power system is considered to be 

composed of three functional blocks - generation, 

transmission and distribution. For a reliable power 

system, the generation unit must produce adequate 

power to meet customer’s demand, transmission 

systems must transport bulk power over long distances 

without overloading or jeopardizing system stability and 

distribution systems must deliver electric power to each 

customer’s premises from bulk power systems. 

Distribution system locates the end of power system and 

is connected to the customer directly, so the power 

quality mainly depends on distribution system. The 

reason behind this is that the electrical distribution 

network failures account for about 90% of the average 

customer interruptions. In the earlier days, the major 

focus for power system reliability was on generation 

and transmission only as these more capital cost is 

involved in these. In addition their insufficiency can 

cause widespread catastrophic consequences for both 

society and its environment. But now a day’s 

distribution systems have begun to receive more 

attention for reliability assessment. 

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 introduced. These FACTS 

devices are designed for the transmission system. But 

now a day’s 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 are used in 

distribution system for power quality improvement are 

distribution static synchronous compensator 

(DSTATCOM), dynamic voltage Restorer (DVR), 

active filter (AF), unified power quality conditioner 

(UPQC) etc. 

In this thesis work from the above custom power 

devices, DVR is used with PI controller for the power 

quality improvement in the distribution system. Here two 

different loads are considered, one is linear load and the 

other is induction motor. Different fault conditions     are 

considered with these loads to analyze the operation of 

DVR to improve the power quality in distribution system. 
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2 Three Phase Series Inverter 

2.1. Power Stage 

The one-line diagram of the system is shown in Fig. 1. The 

power stage is a three-phase voltage source inverter, which 

is connected in series to the grid and is responsible for 

compensating the voltage sags and swells; the model of the 

series DVR and its controller is shown in Fig. 2. The 

inverter system consists of an insulated gate bipolar 

transistor (IGBT) module, its gate-driver, LC filter, and an 

isolation transformer. The dc-link voltage Vdc is regulated 

at 260 V for optimum performance of the converter and the 

line–line voltage Vabis 208 V; based on these, the 

modulation index m of the inverter is given by 

 

Wheren is the turns ratio of the isolation transformer. 

Substituting n as 2.5 in (1), the required modulation index 

is calculated as 0.52. Therefore, the output of the dc–dc 

converter should be regulated at 260 V for providing 

accurate voltage compensation. The objective of the 

integrated UCAPDVR system with active power capability 

is to compensate for temporary voltage sag (0.1–0.9 p.u.) 

and voltage swell (1.1–1.2 p.u.), which last from 3 s to 1 

min [15]. 

2.2. Controller Implementation 

There are various methods to control the series 

inverter to provide dynamic voltage restoration and most of 

them rely on injecting a voltage in quadrature with 

advanced phase, so that reactive power is utilized in 

voltage restoration [3]. Phase advanced voltage restoration 

techniques are complex in implementation, but the primary 

reason for using these techniques is to minimize the active 

power support and thereby the amount of energy storage 

requirement at the dc-link in order to minimize the cost of 

energy storage. However, the cost of energy storage has 

been declining and with the availability of active power 

support at the dc-link, complicated phase-advanced 

techniques can be avoided and voltages can be injected in-

phase with the system voltage during voltage sag or a swell 

event. The control method requires the use of a PLL to find 

the rotating angle. As discussed previously, the goal of this 

project is to use the activepower capability of the UCAP-

DVR system and compensate temporary voltage sags and 

swells. 

 

Fig. 2. Model of three-phase series inverter (DVR) and its 

controller with integrated higher order controller. 

The inverter controller implementation is based 

on injecting voltages in-phase with the supply-side line–

neutral voltages. This requires PLL for estimating θ, which 

has been implemented using the fictitious power method 

described in [18]. 

Based on the estimated θ and the line–line source voltages, 

Vab, Vbc, and Vca(which are available for this delta-

sourced system) are transformed into the d–q domain and 

the line– neutral components of the source voltage Vsa, 

Vsb, and Vsc, which are not available, can then be 

estimated using 
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3UCAP& Bidirectional DC – Dc 

Converter with FLC 

3.1. UCAP Setup 

The choice of the number of UCAPs necessary for 

providing grid support depends on the amount of support 

needed, terminal voltage of the UCAP, dc-link voltage, and 

distribution grid voltages. In this paper, the experimental 

setup consists of three 48 V, 165F UCAPs 

(BMOD0165P048) manufactured by Maxwell 

Technologies, which are connected in series. Therefore, the 

terminal voltage of the UCAP bank is 144 V and the dc-

link voltage is programmed to 260 V. This would give the 

dc–dc converter a practical operating duty ratio of 0.44–

0.72 in the boost mode while the UCAP is discharging and 

0.27– 0.55 in the buck mode while the UCAP is charging 

from the grid through the dc-link and the dc–dc converter. 

It is practical and cost-effective to use three modules in the 

UCAP bank. 

Assuming that the UCAP bank can be discharged 

to 50% of its initial voltage (Vuc,ini) to final voltage 

(Vuc,fin) from 144 to 72 V, which translates to depth of 

discharge of 75%, the energy in the UCAP bank available 

for discharge is given by 

 

3.2. Bidirectional DC–DC Converter and Controller 

A UCAP cannot be directly connected to the dc-

link of the inverter like a battery, as the voltage profile of 

the UCAP varies as it discharges energy. Therefore, there 

is a need to integrate the UCAP system through a 

bidirectional dc–dc converter, which maintains a stiff dc-

link voltage, as the UCAP voltage decreases while 

discharging and increases while charging. The model of 

the bidirectional dc–dc converter and its controller are 

shown in Fig. 3, where the input consists of three UCAPs 

connected in series and the output consists of a nominal 

load of 213.5 Ω to prevent operation at no-load, and the 

output is connected to the dc-link of the inverter. The 

amount of active power support required by the grid during 

a voltage sag event is dependent on the depth and duration 

of the voltage sag, and the dc–dc converter should be able 

to withstand this power during the discharge mode. The 

dc–dc converter should also be able to operate in 

bidirectional mode to be able to charge or absorb 

additional power from the grid during voltage swell event. 

In this paper, the bidirectional dc–dc converter acts as a 

boost converter while discharging power from the UCAP 

and acts as a buck converter while charging the UCAP 

from the grid. 

A bidirectional dc–dc converter is required as an interface 

between the UCAP and the dc-link since the UCAP 

voltage varies with the amount of energy discharged while 

the dc-link voltage has to be stiff. Therefore, the 

bidirectional dc–dc converter is designed to operate in 

boost mode when the UCAP bank voltage is between 72 

and 144 V and the output voltage is regulated at 260 V. 

When the UCAP bank voltage is below 72 V, the 

bidirectional dc–dc converter is operated in buck mode and 

draws energy from the grid to charge the UCAPs and the 

output voltage is again regulated at 260 V. 

 

Fig. 3.Model of the bidirectional dc–dc converter and its 

controller. 

Average current mode control, which is widely 

explored in literature [19], is used to regulate the output 

voltage of the bidirectional dc–dc converter in both buck 

and boost modes while charging and discharging the 

UCAP bank. This method tends to be more stable when 

compared to other methods such as voltage mode control 

and peak current mode control. Average current mode 

controller is shown in Fig. 3, where the dc-link and actual 

output voltage Vout is compared with the reference voltage 
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Vref and the error is passed through the voltage 

compensator C1(s), which generates the average reference 

current Iucref .When the inverter is discharging power into 

the grid during voltage sag event, the dc-link voltage Vout 

tends to go below the reference Vref and the error is 

positive; Iucref is positive and the dc–dc converter operates 

in boost mode. When the inverter is absorbing power from 

the grid during voltage swell event or charging the UCAP, 

Vout tends to increase above the reference Vref and the 

error is negative; Iucref is negative and the dc–dc converter 

operates in buck mode. Therefore, the sign of the error 

between Vout and Vref determines the sign of Iucref and 

thereby the direction of operation of the bidirectional dc–

dc converter. The reference current Iucref is then compared 

to the actual UCAP current (which is also the inductor 

current) Iuc and the error is then passed through the current 

compensator C2(s). The compensator transfer functions, 

which provide a stable response, are given by 

 

4. Fuzzy Logic Controller 
 

Fuzzy logic uses fuzzy set theory, in which a 

variable is member of one or more sets, with a specified 

degree of membership. Fuzzy logic allow us to emulate the 

human reasoning process in computers, quantify imprecise 

information, make decision based on vague and in 

complete data, yet by applying a “defuzzification” process, 

arrive at definite conclusions. 

The FLC mainly consists of three blocks 

 

 Fuzzification 

 Inference  

 Defuzzification 

 
Fig. 4 Block Diagram of a Fuzzy Logic Controller 

RULES: 

       If input is NEGATIVE then output is POSITIVE 

       If input is ZERO then output is ZERO 

       If input is POSITIVE then output is NEGATIVE 

 

 
 

Fig..5 Fuzzy Inputs and Outputs 

5. Simulation circuits and results for 

proposed system: 

In proposed system we are using two controllers: 

1. Fuzzy logic controller is used in DC-DC 

converter and 

2. PI controller is used in DVR 

 

Fig.6Matlab/Simulink model for proposed system 

 

5.1 Controller implementation of DVR:  
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Fig.7 Controller implementation of DVR 

Fig.8 Controller implementation of DC-DC 

converter 

5.2 Waveforms during voltage sag: 

5.2.1 Peak voltages during sag: 

 

Fig.9 Source and load peak voltages VSmax(Blue) 

and VLmax during sag(Green). 

 5.2.2 Sag voltage: 

 

Fig.10 Source voltages Vsa (blue), Vsb (red), and 

Vsc (green) during sag 

5.2.3 DVR injected voltage: 

 

Fig.11 Injected voltages Vinj2a (blue), Vinj2b (red), 

and Vinj2c (green) during sag 

5.2.4 Load voltage: 

Fig.12 Load voltages VLa (blue), VLb (red), and 

VLc (green) during sag 

5.9.5 Voltages of capacitors: 

 

Fig.13 Voltages of dc–dc converter in Capacitor 

44µF (Blue) and Capacitor 55F (Green) during 

voltage sag 

5.2.6 Currents of capacitors: 
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Fig.14 Ultra-capacitor current Iuc(Blue) and 

Capacitor current Idcof DC-DC Converter (Green) 

of dc–dc converter during voltage sag 

5.2.7 Comparison of DVR voltage and system 

voltage: 

 

Fig.15 Vinj2a (green) and Vsa (blue) waveforms during 

sag 

5.2.8 Active powers and RMS product of capacitor 

current and voltage UCAP:  

 

Fig.16 Active power of grid (Blue),Load (Green), 

inverter(Red) and RMS product of Capacitor 

current Idc (DC-DC converter)  and Ultra-capacitor 

voltage Vdc(Light blue)  during voltage sag 

5.3 Waveforms during voltage swell: 

5.3.1 Peak voltages during swell: 

 

Fig.17 Source and load peak voltages VSmax (Blue) 

and VLmax (Green) during swell 

5.3.2 Swell voltage: 

Fig.18 Source voltages Vsa (blue), Vsb (red), and Vsc 

(green) during swell 

5.3.3 DVR absorbed voltage during swell: 

Fig.19 Absorbed voltages Vob2a (blue), Vob2b (red), 

and Vob2c (green) during swell 

5.3.4 Load voltage: 

 

Fig.20 Load voltages VLa (blue), VLb (red), and 

VLc(green) during swell 

5.3.5 Voltages of capacitor: 

Fig.21 Voltages of dc–dc converter in Capacitor 
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44µF (Blue) and Capacitor 55F (Green) during 

voltage sag 

5.3.6 Currents of capacitor: 

Fig.22 DC Link of DC-DC converter (Blue) and 

UCAP Current (Green) During Voltage Swell 

5.3.7 Comparison of DVR voltage and system 

voltage: 

Fig.22 Vob2a (green) and Vsa (blue) waveforms 

during swell 

5.3.8 Active powers and RMS product of 

capacitor current and UCAP voltage: 

 

Fig.23 Active power of grid (Blue),Load (Green), 

inverter (Red) and RMS product of Capacitor 

current Idc (DC-DC converter)  and Ultra-capacitor 

voltage Vdc (Light blue)  during voltage sag. 

 From above table 5.1 it is clear that the 

existing method and proposed method gives 

same results under power quality constraints. 

 In existing method PI controller depends KP 

and KI values by changing physically we get 

proper outputs. 

  In proposed system to overcome this 

problem in modern days by replace PI 

controller with fuzzy logic controller we get 

outputs easily based on simple rules. 

 In existing system PI controller operates only 

constant load and linear load and in proposed 

system fuzzy logic controller operates linear 

load, non-linear load, variable load, and 

constant load. When compare to PI controller 

the fuzzy logic controller is simple and logic 

and do not need any mathematical modeling. 

Table 5.1 Comparison of Existing and proposed system 

 
CONCLUSION 

This project mainly concentrates to mitigate the voltage 

sags and swells by using a Fuzzy logic controller in DC-

DC converter at the integration of UCAP-DVR. Voltage 

sag and voltage swell compensation of the distribution grid 

by this means improving the power quality. In the system 

the Ultra capacitor based rechargeable energy storage 

integrated to the DVR system to increase its voltage 

restoration capabilities.DVR is able to separately 

compensate voltage sag and swells without relying on the 

grid to compensate for faults. The control approach used is 

simple and is based on injecting voltages in-phase with the 

system voltage and is easier to implement when the DVR 

system has the ability to supply active power. Average 

current mode control is used to control the output voltage 

of the dc–dc converter due to its naturally stable 
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characteristics. In the existing method, PI controller is used 

as a controllers of both DC-DC converter and DVR. In the 

proposed system, fuzzy logic controller is used in DC-DC 

converter by replacing average current mode controller in 

order to reduce the mathematical modelling and can work 

with imprecise inputs and can handle linearities and non-

linearities. Simulation of the ultra-capacitor, dc-dc 

converter and grid joined inverter is carried out using 

MATLAB and magnitudes of the waveforms is observed 

for voltage sag and swell conditions. In the proposed 

system fuzzy logic controller is used at the integration of 

UCAP-DVR is simulated and it reduced mathematical 

modelling when compared to existing system. 
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