
A Comparative Analysis of a Distributed Power Flow 

Controller to Enhance and Reduce Power Quality. 

1 Mrs. NAGA SOWJANYA PALETY*, 2 Dr. ANURAG S D RAI 

1 PhD Scholar in Electrical & Electronics Engineering Department, Lakshmi Narain college of 
Technology, LNCT  

University, Bhopal, India) *  

Contact Email-id: nagasowjanya.m.tec@gmail.com  

2 Associate Professor and HOD in Department of Electrical Engineering, Lakshmi Narain college of 
Technology,  

LNCT University, Bhopal, India  

1st Author Email-id: nagasowjanya.m.tec@gmail.com 

 

Abstract: Considering the rising demand for electricity and the growing number of non-linear loads in power 

networks, it is important to provide high-quality electrical power. The power quality problems of voltage sag and 

swell are examined in this research, and the distributed power flow controller (DPFC) is employed to reduce the 

voltage devia�on and enhance power quality. Similar in form to the unified power flow controller (UPFC), the 

DPFC is a novel FACTS device. Despite UPFC, the three-phase series converter is split up into several single-phase 

series dispersed converters via the line, and the common dc-link between the shunt and series converters is 

removed in DPFC. The case study includes a DPFC that was simulated in a MATLAB/Simulink environment and 

was situated in a single-machine infinite bus power system with two parallel transmission lines.  The simula�on 

results that are displayed verify that DPFC may raise power quality.  
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I.  INTRODUCTION  

The electrical power quality issue has been the power companies' top worry for the past ten years. The 
indicator of electrical equipment supply is known as power quality [1].Any issue that arises from a 
divergence in voltage, current, or frequency that causes power failure can be classified as a power 
quality issue from the perspective of the consumer [2]. Power quality improvement is impacted by the 
advancements in power electronics, particularly the rigid handling of urgent transmission and electric 
power consumption impact on the FACTS and bespoke power devices [3], [4]. Custom power devices, 
such as dynamic voltage restorers (DVRs), are often employed to improve consumer power quality at 
medium to low voltage levels [5]. The two biggest dangers to electrical networks' sensitive equipment 
are voltage sags, or dips, and swells (over voltage).  

Various occurrences, such as a grid short circuit, inrush currents at the startup of big machinery, or grid 
switching procedures, might cause these disruptions.  This study uses a distributed power flow 
controller, which was first presented in [6] as a novel FACTS device, to reduce voltage and current 
waveform deviation and enhance power quality in a matter of seconds. The DPFC structure is based on 
the UPFC structure, which has a single shunt converter and several tiny independent series converters, 
as seen in Fig. 1.1.The DFACTS idea is used in the series converter, whereas the shunt converter is 
comparable to the STATCOM [6].  The DPFC can balance the line characteristics, such as the bus 
voltage magnitude, transmission angle, and line impedance, much like the UPFC can [7]. 
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The DPF Principle is covered in part II of the study, which is structured as follows.  Inspection III 
providing its description for the DPFC control.  The enhancement of power quality by DPFC is the 
focus of Section IV.  Inspection V presents the simulation findings. 

 

 

II. DPFC PRINCIPLE OF METHODS AND MATERIAL  

The primary benefit of DPFC over UPFC is the removal of the large DClink and the use of third-
harmonic current to enable active power exchange [6].The fundamental ideas of DPFC are being 
described in the next future sub-sections.  

A. Get Rid of Power Exchange and DC Link  

Instead of employing a direct connection with a DC-link for power exchange between converters, the 
transmission line is utilized in the DPFC to connect the DC terminals of shunt converters and the AC 
terminals of series converters. The power theory of non-sinusoidal components serves as the foundation 
for the DPFC power exchange technique [6]. 

 The sum of sinusoidal components at various frequencies can be used to represent a non-sinusoidal 
voltage or current based on Fourier series. The active power is the product of the components of voltage 
and current. The following is the active power equation when the integral of some terms with various 
frequency is zero: 

 

where φ i is the angle between the voltage and current at the same frequency, and Vi and Ii are the 
voltage and current at the ith harmonic, respectively. The active power at various frequency components 
is expressed independently by equation (1). The active power at various frequencies is isolated from 
one another, as stated in equation (1) above, and the voltage and current at one frequency have no effect 
on the active power at other frequencies. Accordingly, the DPFC's shunt converter may inject current 
back into the grid at a harmonic frequency while absorbing power from the active grid at the 
fundamental frequency [9].  

 

         Figure 2. Ac�ve power exchange between DPFC converters 
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As a result, a DPFC shunt converter has the ability to take in active power at one frequency and 
generate output power at a different frequency. Furthermore, the DPFC series converter has the 
capability to generate voltage at the harmonic frequency by drawing active power from harmonic 
components, in accordance with the required amount of active power at the fundamental frequency. 
Imagine, as depicted in the diagram. One DPFC has been installed in the transmission line of a two-bus 
system. The shunt converter might consume power at the fundamental frequency of the current, as the 
power source delivers the active power. The third harmonic in each phase of the three-phase system 
remains consistent, known as the phenomenon of "zero sequence. " The third harmonic current flows 
smoothly into the neutral terminal of the ∆Y transformer via the output terminal of the shunt converter. 
Consequently, the harmonic current flows through the transmission wire. The DC voltage of series 
capacitors is controlled by the harmonic current. The shunt and series converters in the DPFC transfer 
active power between them, as demonstrated in the illustration. In order to establish a closed loop for 
the harmonic current, it is essential to use a high-pass filter, with the third harmonic being selected to 
effectively exchange active power in the DPFC. 

The advantages of employing Dynamic Power Factor Correction (DPFC). 

Here are a few advantages of the DPFC compared to the UPFC: 

A. Exceptional mastery of control. 

Similar to UPFC, DPFC can control all transmission network parameters, such as bus voltage, 
transmission angle, and line impedance. 

B. Unwavering reliability. 

Enhancing DPFC reliability is achieved through redundancy in series converters during their operation 
[7]. If one of the series converters malfunctions, the remaining ones are capable of continuing operation. 

C. Affordable pricing. 

A three-phase converter possesses a greater capacity compared to a single-phase series converter. In 
addition, individual transformers can be used to support the series converters, eliminating the need for 
high voltage isolation in transmission line connections. 

DPFC Governance 

Figure 3 showcases the three control methods employed by the DPFC: shunt, series, and central 
controller. 

Central Authorities 

This controller oversees all shunt and series controllers, while also supplying reference signals to each. 

The management of a series. 

Each single-phase converter is equipped with its individual series control along the line. The inputs of 
the controller include the line current, series capacitor voltages, and the series voltage reference in the 
dq-frame. Figure 4 depicts the block diagram of the series converters within the Matlab/Simulink 
environment. 
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In order to generate fundamental and third harmonic current, respectively, each series controller 
contains a lowpass and a third pass filter. To extract frequency and phase information from networks, 
two single-phase phase lock loops (PLL) are utilized [8].The Matlab/Simulink block design for a series 
controller is seen in Figure 5. The PWM Generator block controls the switching mechanisms. 
 
Shunt Management  
 
A three-phase converter is paired back-to-back with a single-phase converter to form the shunt 
converter. The three-phase converter regulates the dc voltage of the capacitor between it and the single-
phase one and takes in active power from the grid at a fundamental frequency. Injecting a steady third 
harmonic current into lines via the ∆-Y transformer's neutral wire is another function of the shunt 
converter. Every converter has a separate controller that operates at fundamental and third-harmonic 
frequencies. Fig. 6 shows the block schematic for the shunt control structure.  
 
 

 
Fig:5 
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The load current increased by around 1.1 per unit during the failure, as seen in Fig. 7 Following the 
DPFC's application, the load current swell is successfully eliminated. Fig. 8 shows the present swell 
mitigation for this instance. 

 

 

 

IV. Conclusion  

Several efficient techniques may be used to enhance the power transmission system's power quality.  
The distributed power flow controller (DPFC), a novel FACTS device, is introduced in this study to 
mitigate voltage sag and swell. There are similarities between the DPFC and UPFC structures. It can 
balance line characteristics including transmission angle, line impedance, and bus voltage magnitude 
with the same control capabilities.  Nonetheless, the DPFC offers a few benefits over the UPFC, 
including low cost, excellent control capabilities, and high dependability.  The central controller, series 
control, and shunt control are the three control loops that are designed once the DPFC is modeled. The 
system being examined is an infinite-bus single machine system, both with and without DPFC.It is 

Fig:6 

Fig:7 

Fig:8 
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demonstrated that the DPFC performs satisfactorily in terms of power flow control and power quality 
mitigation. 

REFERENCES  

[1]  Alexander  Eigels  Emanuel,  John  A.  McNeill "Electric  Power  Quality".Annu.  Rev.  Energy Environ 

1997, pp. 263-303.  

[2]  I Nita R.Patne,krishna L.thakre "Factor Affec�ng Characteris�cs of  voltage  sag  due  to  fault  in  

the power  system" Serbian  journal of  Electrical Engineering vol.5no.1 may 2008,pp.171-182  

[3]  J.  R.  Enslin,  "Unified  approach  to  power  quality mi�ga�on,"  in  Proc.IEEE  Int.  Symp.  Industrial 

Electronics (ISIE ’98), vol. 1, 1998, pp. 8– 20.  

[4]  B.  Singh,  K.  AlHaddad,  and  A. Chandra,  "A review  of  ac�ve  filters  for power quality 

improvement," IEEE Trans. Ind. Electron. vol. 46, no. 5 pp. 960 – 971, 1999.  

[5]  M.  A.  Hannan  and  Azah  Mohamed,  member IEEE,  "  PSCAD/EMTDC Simula�on  of  Unified  

Series-Shunt  -Compensator  for  Power Quality Improvement",  IEEE  Transac�ons  on  Power Delivery, 

vol. 20, no. 2,April 2005.  

[6]  zhihui  yuan,sjoerd  W.H  de  haan  and  Braham Frreira  and  Daliborcevoric  "A  FACTS  DEVICE:  

Distributed power flow controller (DPFC) "IEEE transac�on on  power electronicsvol.25,no.10october 

2010.  

[7]  zhihui  yuan,sjoerd  W.H  de  haan  and  Braham Frreira  "DPFC control  during  the  shunt  converter 

failure"  IEEE  transac�on  on  power  electronics 2009. 

[8] R. Zhang, M. Cardinal, P. Szczesny and M. Dame. “A grid simulator with control of single-phase 

power converters in D.Q rota�ng frame”,  Power Electronics Specialists Conference, IEEE 2002. 

[9] J. R. Enslin, “Unified approach to power quality mi�ga�on,” in Procedure IEEE Int. Symp. Industrial 

Electronics (ISIE ’98), vol. 1, 1998,  pp. 8–20.  

[10] B. Singh, K. Al-Haddad, and A. Chandra, “A review of ac�ve filters for power quality improvement,” 

IEEE Trans. Ind. Electron. vol. 46, no. 5, pp. 960–971, 1999.  

[11] M. A. Hannan and Azah Mohamed, member IEEE, “ PSCAD/EMTDC Simula�on  of  Unified  Series-

Shunt  Compensator  for  Power  Quality Improvement”, IEEE Transac�ons on Power Delivery, vol. 20, 

no. 2, April 2005. 

[12] Alexander Eigels Emanuel, John A. McNeill “Electric Power Quality”. Annu. Rev. Energy Environ 

1997, pp. 263-303. 

[13] S. Masoud Baraka�, Arash Khoshkbar Sadigh and Ehsan Mokhtarpour, “Voltage  Sag  and  Swell  

Compensa�on  with  DVR  Based  on Asymmetrical Cascade Mul�cell Converter” , North American 

Power Symposium (NAPS), pp.1 – 7, 2011. 

[14] Song, YH & Johns, A 1999, ‘Flexible AC Transmission Systems (FACTS)’, IEE Power and Energy Series, 

London, U.K.: Ins�tu�on of Electrical Engineers, vol. 30.  

[15] Sozer, Y & Torrey, DA  2009, ‘Modelling and control of u�lity interac�ve inverters,’ IEEE Trans. 

Power Electron, vol. 24, no. 11, pp. 2475-2483. 

International Journal Of Educational Research 127 (2024)

Page No : 124



[16] Zhihui  Yuan,  Sjoerd  W.H  de  Haan,  Braham  Frreira  and  Dalibor Cevoric  “A  FACTS  Device:  

Distributed  Power  Flow  Controller (DPFC)”  IEEE  Transac�on  on  Power  Electronics,  vol.25,  no.10, 

October 2010.  

[16] Zhihui Yuan, Sjoerd W.H de Haan and Braham Frreira “DPFC control during  shunt  converter  

failure”  IEEE  Transac�on  on  Power Electronics 2009. 

[17] Toliat, HA, Sadeh, J & Ghazi, R 1996, ‘Design of augmented fuzzy logic power system stabilizers to 

enhance power system stability’, IEEE Trans. Energy Convers, vol. 11, no. 1, pp. 97-103.   

[18] Uday Kishan Renduchintala, Chengzong Pang, Satya Veera Pavan, Kumar Maddukuri &  Visvakumar  

Aravinthan  2016,  ‘Smooth  shunt control of a fuzzy based distributed power flow controller to improve 

power  quality,  Informa�on  and  Automa�on  for  Sustainability (ICIAfS)’, IEEE Interna�onal Conference 

on Galle, Sri Lanka.  

[19] Verma, K. Srividya, A   & Deka, BIC  2004, ‘Impact of a FACTS controller on reliability of composite 

power genera�on and transmission system’, Electric Power Systems Research.  

[20] Vijaya Krishna, B, Venkata Prashanth, B & Anjaneyulu, KSR  2016, ‘Designing of mul�level DPFC to 

improve power quality, Electrical Electronics, and Op�miza�on Techniques’, (ICEEOT) Interna�onal 

Conference on Chennai India.  

[21] Wenchao Song, H. Xiaohu Zhou, Zhigang Liang, Subhashish Bha�acharya & Alex Huang, Q 2009, 

‘Modeling and Control Design of Distributed Power Flow Controller based-on Per-phase control’, IEEE 

Energy Conversion Congress and Exposi�on, pp. 3262-3267.  

[22] Yuan, de Haan & Ferreira, JA, ‘Control Scheme to Improve DPFC Performance during Series 

Converter Failures’, IEEE PES General Mee�ng, pp. 1-6.  

[23] Yuan, Z, de Haan, SWH & Ferreira, B 2007, ‘A new facts component: Distributed power flow 

controller (DPFC)’, in Power Electronics and Applica�ons, European Conference, pp.1-4.  

[24] Zhang M Cardinal, Szczesny, P & Dame, M 2002, ‘A grid simulator with control of single-phase 

power converters in D.Q rota�ng frame’, Power Electronics Specialists Conference, IEEE.  

[25] Zhang, XP, Rehtanz, C & Pal, B 2006, ‘Flexible AC transmission systems modelling and control’, 

Springer.  

[26] Zhengyu Huang, Yixin, Ni, Shen, CM, Felix F Shousun, Chen Wu  & Baolin Zhang 2000, ‘Applica�on 

of Unified Power Flow Conmlla in Interconnected  Power  Systems-Modelling,  Interface. Conml 

Strategy, and Case Study’, IEEE Transac�ons on Power System, vol. 15, no. 2, pp. 817-824.   

 

 

 

International Journal Of Educational Research 127 (2024)

Page No : 125


