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ABSTRACT 

               This Paper proposes a modern power utilities have to respond to a number of challenges such as 

growth of electricity demand especially in non-linear loads in power grids consequently, the higher power 

quality should be considered. For that we are using, DPFC which is similar to unified power flow controller 

(UPFC) in structure, which is used to mitigate the voltage sag and swell as a power quality issue. Unlike 

UPFC, the common dc-link in DPFC, between the shunt and series converter devices should be eliminated 

and three-phase series converter is divided to several single-phase series distributed converters through 

the power transmission line. It also to detect the voltage sags and find out the three single-phase reference 

voltages of DPFC, the synchronous reference frame method is proposed. The proposed application is 

simulated MATLAB/SIMULINK presented simulation results validate the DPFC ability to improve the 

power quality.           
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I. INTRODUCTION 

An increasing demand for high quality, reliable 

electrical power and increasing number of 

distorting loads may leads to an increased 

awareness of power quality both by customers 

and utilities. The most common power quality 

problems today are voltage sags, harmonic 

distortion and low power factor. Voltage sags is a 

short time (10 ms to 1 minute) event during which 

a reduction in r.m.s voltage magnitude occur. It is 

often set only by two parameters, 

depth/magnitude and duration. The voltage sags 

magnitude is ranged from 10% to 90% of nominal 

voltage and with duration from half a cycle to 1 

min. 

Voltage sags is caused by a fault in the utility 

system, a fault within the customer’s facility or a 

large increase of the load current, like starting a 

motor or transformer energizing. Voltage sags are 

one of the most occurring power quality 

problems. For an industry voltage sags occur 

more often and cause severe problems and 

economical losses. Utilities often focus on 

disturbances from end-user equipment as the 

main power quality problems. Harmonic currents 

in distribution system can cause harmonic 

distortion, low power factor and additional losses 

as well as heating in the electrical equipment. It 

also can cause vibration and noise in machines 

and malfunction of the sensitive equipment. The 

development of power electronics devices such as 

Flexible AC Transmission System (FACTS) and 

customs power devices have introduced and 

emerging branch of technology providing the 

power system with versatile new control 

capabilities. There are different ways to enhance 

power quality problems in transmission and 

distribution systems. Among these, the D-

STATCOM is one of the most effective devices. 

 
 

Fig.1.The DPFC Structure. 

In this paper, a distributed power flow controller, 

introduced in as a new FACTS device, is used to  
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mitigate voltage and current waveform deviation 

and improve power quality in a matter of seconds. 

The DPFC structure is derived from the UPFC 

structure that is included one shunt converter and 

several small independent series converters, as 

shown in Fig. 1. The DPFC has same capability 

as UPFC to balance the line parameters, i.e., line 

impedance, transmission angle, and bus voltage 

magnitude.  

II. RELATED WORK 
The basic issues in DPFC principle are DC-link 

elimination and using 3rd-harmonic current to 

active power exchange. In the following 

subsections, the DPFC basic concepts are 

explained. 

2.1. Eliminate DC-Link and Power 

Exchange 
Within the DPFC, the transmission line is used as 

a connection between shunt converter output and 

AC port of series converters, instead of using DC-

link for power exchange between converters. The 

method of power exchange in DPFC is based on 

power theory of non-sinusoidal components. 

Non-sinusoidal voltage and current can be 

presented as the sum of sinusoidal components at 

different frequencies. It is the main result of 

Fourier analysis. The product of voltage and 

current components provides the active power. 

Since the integral of some terms with different 

frequencies are zero, so the active power equation 

is as follow: 

P= ∑ 𝑉𝑖𝐼𝑖𝑐𝑜𝑠𝜑𝑖
∞
𝑖=1         (1) 

 

Where Vi and Ii are the voltage and current at the 

ith harmonic frequency, respectively, and φi is 

the angle between the voltage and current at the 

same frequency. Equation. 1 expresses the active 

powers at different frequencies are independent 

from each others. Thus, the converter can absorb 

the active power in one frequency and generates 

output power in another frequency. Assume the 

DPFC is located in transmission line of a two-bus 

system; therefore, the power supply generates the 

active power and the shunt converter absorbs it in 

fundamental frequency of current. Meanwhile, 

the third harmonic component is trapped in Y-Δ 

transformer. Output terminal of the shunt 

converter injects the third harmonic current into 

the neutral of Δ-Y transformer. Consequently, the 

harmonic current flows through the transmission 

line. This harmonic current controls the dc 

voltage of series capacitors. Fig. 2 illustrates how 

the active power is exchanged between the shunt 

and series converters in the DPFC. 

 
Fig.2. Active Power exchange between DPFC converters. 

2.2. The DPFC Advantages 

The DPFC in comparison with UPFC has some 

advantages, as follows: 

 High control capability. 

The DPFC can control all parameters of 

transmission network: line impedance, 

transmission angle and bus voltage magnitude. 

 High reliability. 
The series converters redundancy increases the 

DPFC reliability during converters operation. It 

means, if one of series converters fails, the others 

can continue to work. 

 Low cost. 

The single-phase converters rating, in 

comparison with three-phase converters is very 

low. Furthermore, the series converters, in this 

configuration, no need to any voltage isolation to 

connect in line. We can use the single turn 

transformers for series converters hanging. To 

explore the feasibility of the DPFC, a case study 

which is to use DPFC to replace UPFC of the 

Korea electric power corporation (KEPCO) is 

investigated. To achieve the same control 

capability as the UPFC, the DPFC construction 

requires less material. 

III. Proposed DPFC Controller 

Based on SRF Method 
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The DPFC has three control strategies: central 

controller, series control and shunt control, as 

shown in Fig. 3. 

3.1.Central Control 
This controller manages all the series and shunt 

controllers and sends reference signals to both of 

them. 

3.2.Series Control 
Each single-phase converter has its own series 

control through the line. This controller inputs are 

series capacitor voltages, line current and series 

voltage reference in dq-frame. Any series 

controller has one low-pass and one 3rd-pass 

filter to create fundamental and third harmonic 

current respectively. Two single-phase phase 

lock loop (PLL) are used to take frequency and 

phase information from network. The simulated 

diagram of series controller is shown in Fig.4 

3.3.Shunt Control 
The shunt converter includes a three-phase 

converter which is back-to-back connected to a 

single-phase converter 

 

 

 
Fig.3.DPFC Control Structure. 

 

 

Fig.4. The series control structure. 

 

Fig.5. The shunt control configuration: a) for 

fundamental frequency b) for third harmonic 

frequency. 

The three-phase converter absorbs active power 

from grid at fundamental frequency and controls 

the dc voltage of capacitor between this converter 

and single-phase one. The shunt control structure 

block diagram is shown in Fig. 5. 

3.4.Proposed Detection and 

Determination Methods 
 To detect the voltage sags and determine the 

three single phase reference voltages of DPFC, 

the SRF method is introduced as a detection and  
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determination method. The line-to-neutral 

voltages of grid in the pre-sag state are convicted 

from abc coordinate system to SRF (dq0) as the 

first step of this method. Then, the dq0 values of 

actual and reference line-neutral grid voltages are 

compared which the existence of the difference 

between them is representation of voltage sag and 

considered as the dq0 values of DPFC desired 

injected voltages. The reference dq- component 

of DPFC desired injected voltages in the SRF, 

respectively. This modeling has been developed 

using Mat lab/Simulink environment as shown in 

Fig. 6. The system is simulated with a three-phase 

source connected to a non-linear load. The 

simulation parameters are listed in Table 1. The 

supply is connected to load through the parallel 

transmission lines including the transmission line 

1 and 2. The parallel transmission lines have same 

length. The DPFC is incorporated in transmission 

line 2. For analyzing dynamic performance, the 

inductive and capacitive loads are connected. The 

fault should be connected near the load to receive 

transient analysis. The shunt three-phase 

converter is connected to the transmission line 2 

in parallel through a Y-Δ three-phase 

transformer, and series converters are distributed 

through this line. 

IV. SIMULATION RESULTS 
The case study, considering sag/swell condition 

is implemented in single machine infinite bus 

system and analyzed results are as follows. To 

analyze voltage dip, a three-phase fault near the 

system load, as shown in Fig. 6 is created. The 

time duration for this fault is 0.5 seconds (500-

1000 ms). The three-phase fault causes 

observable voltage sag during this time, as shown 

in Fig. 7. The voltage sag value is about 0.5 per 

unit. The DPFC can compensate the load voltage 

sag effectively. The voltage sag mitigation with 

DPFC is shown in Fig. 8. After creating three-

phase fault, Fig. 9 depicts the load current swell 

around 1.1 per unit. The fault time duration is 0.5 

seconds. In this case, after implementation of the 

DPFC, the load current magnitude is 

comparatively come down. The current swell 

mitigation for this case can be observed from Fig. 

10. The load voltage harmonic analysis, using 

fast Fourier transform (FFT) of power GUI 

window by Simulink, as shown in Fig. 11. It can 

be seen, after DPFC implementation in system, 

the odd harmonics are reduced within acceptable 

limits and total harmonic distortion (THD) of 

load voltage is minimized. 

 

 

Fig.6. Simulated Model of the DPFC 
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Fig.7 Three phase load voltage sag waveform. 

 

Fig.8 Mitigation of three phase load voltage sag with 

DPFC. 

 

Fig.9. Three phase load current swell waveform. 

 

Fig.10. Mitigation of load current swell with DPFC. 

The load voltage harmonic analysis without 

presence of DPFC is illustrated in Fig. 11. It can 

be seen, after DPFC implementation in system, 

the even harmonics is eliminated , the odd 

harmonics are reduced within acceptable limits, 

and total harmonic distortion (THD) of load 

voltage is minimized from 45.67 to 0.65 

percentage (Fig. 12), i.e., the standard THD is less 

than 5 percent in IEEE standards. 
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Fig.11.  Total harmonic distortion of load voltage without 

DPFC. 

 
Fig.12. Total harmonic distortion of load voltage with 

DPFC. 

 

V. CONCLUSION 
This article gives power quality enhancement of 

the power transmission systems is an vital issue 

in power industry. This study gives the 

application of DPFC as a new FACTS device, in 

the voltage sag and swell mitigation of a system 

composed of a threephase source connected to a 

non-linear load through the parallel transmission 

lines is simulated in Matlab/Simulink 

environment. The voltage dip is analyzed by 

implementing a 3-phase fault close to the system 

load. And also to detect the voltage sags and 

determine the three single phase reference 

voltages of DPFC, the SRF method is used as a 

detection and determination method. Simulation 

results show the effectiveness of DPFC in power 

quality enhancement, especially in sag and swell 

mitigation. 
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