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ABSTRACT: This project deals with 

the consumption of a local three-phase four-

wire (3P4W) electrical power distribution 

system (EPDS), utilizing a single- to three-

phase unified power quality conditioner 

(UPQC) topology, called UPQC-1Ph-to-

3Ph. The topology is specified for 

appliances in rural or remote areas in which, 

for economic reasons, only EPDS with 

single wire earth return are reachable to the 

customer. Since the utilize of three-phase 

loads is rising in these areas, way in to a 

three-phase distribution system becomes 

preponderant. By adopting a dual 

recompense approach, the projected UPQC-

1Ph-to-3Ph is able of strenuous from the 

single-phase electrical grid a sinusoidal 

current and in phase with the voltage, 

ensuing high power factor. Furthermore, the 

scheme is also able to restrain grid voltage 

harmonics, as well as to compensate for 

other disturbances, such as voltage sags. 

Thus, a 3P4W framework with 

synchronized, balanced and sinusoidal 

voltages with low harmonic contents is 

provided for single- and three-phase loads.  

An analysis of the power flow through the 

series and parallel converters is performed in 

order to aid the designing of the power 

converters. 

Keywords: EPDS, UPQC, Power quality, 

earth line. 

I.INTRODUCTION: In country or remote 

districts in Brazil, just as in certain 

territories of nations, for example, Australia 

and New Zealand, for example, electrical 

power distribution frameworks (EPDS) with 

single-wire earth return (SWER) have been 

normally received as an answer for electrical 

power providing. This is because of the way 

that the decrease of expenses in the 

circulation of vitality to serve huge regional 

expansions with low statistic densities is a 

significant prerequisite, since lower 

establishment and upkeep expenses are 

accomplished. Different choices are the 

utilization of vitality dissemination by 

methods for two conductors (phase to-

neutral) without earth return or 

notwithstanding utilizing two-phase 

frameworks (phase to-phase). Thinking 

about these options, capital ventures for the 

acknowledgment of SWER appropriation 

framework offices establishments are still 

lower.  

The interest for electrical vitality in single-

phase provincial distribution grids has 

extensively expanded in the most recent 

decades, both in horticulture and in 

domesticated animals, primarily because of 
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the expanding development and 

modernization of the advances utilized, just 

as the expansion in the automation of 

creation forms. It is conceivable to specify, 

for instance, the robotization of water 

system, just as the post-reap rural handling 

including seed choice and processing, 

ventilation and refrigeration, washing and 

bundling lines, among others. Inside this 

specific situation, there is an approaching 

pattern of expanding vitality request in rustic 

properties, just as the need to improve 

control quality upgrade because of the 

adjustment in the attributes of the loads.  

The voltage regulation is portrayed as one of 

the primary issues of power quality (PQ) 

found in the provincial single-phase 

frameworks since when exposed to huge 

burdens, these lattices have noteworthy 

voltage drops, while on occasion of low 

utilization the voltage will in general ascent 

by the by, an answer not all that proficient 

because of steady burden varieties can be 

embraced by modifying the taps of the 

transformer of the SWER arrange. Another 

arrangement, increasingly productive for 

this situation, is the utilization of single-

phase voltage controllers. A few different 

ways to sidestep enormous capital 

speculations to satisfy the developing need 

of rustic properties have been embraced. In 

the effects caused between disseminated age 

frameworks executed through photovoltaic 

frameworks and the SWER conveyance 

frameworks are displayed. Then again, in 

the utilization of vitality stockpiling 

frameworks by methods for batteries and 

their utilization at pinnacle request are 

talked about.  

It is conceivable to see an expanding need to 

utilize three-phase appropriation 

frameworks to satisfy the need for electrical 

vitality in provincial territories because of 

changes in the qualities of the heaps. As of 

now, the vast majority of them could be 

driven by three-phase enlistment engines 

rather than single-phase engines, for they 

have a higher beginning torque. Besides, the 

utilization of medium and high power three-

phase voltage inverters engaged with present 

day robotized frameworks additionally 

legitimizes the requirement for three-stage 

lattices in country regions. In this manner, 

the nearness of a nearby three-phase vitality 

dissemination framework in territories that 

utilize the SWER conveyance framework 

turns out to be increasingly basic. For this 

reason, a few arrangements and additionally 

designs of single-phase to-three-phase (1Ph-

to-3Ph) converters have been tended to in 

the writing. These incorporate 1ph-to-3Ph 

four-wire converters, which are capable of 

providing three-stage and single-phase loads 

or 1Ph-to-3Ph three-wire converters 

proposed to supply just three-stage loads. 

Devoted to sustain three-phase three-wire 

loads and incorporating the working of the 

bound together power quality conditioner 

(UPQC), the 1Ph-to-3Ph converter exhibited 

in performs general separating, i.e., it works 

as arrangement parallel dynamic power 

channel, in which the arrangement converter 

is made out of a solitary stage full-connect 

inverter (two inverter legs), while the 

parallel converter is made out of a three-

phase three-leg inverter, totaling five 

inverter legs.  

In additionally coordinating the usefulness 

of an UPQC, a 1Ph-to-3Ph converter was 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES.

VOLUME VI, ISSUE VII, JULY/2019

ISSN NO: 2394-8442

PAGE NO:307



committed for making a nearby three-phase 

four-wire (3P4W) EPDS from a single phase 

dispersion framework. The arrangement 

converter is made out of a half-connect 

inverter (one inverter leg), while the parallel 

converter is made out of a three-leg split-

capacitor inverter, totaling four inverter legs. 

Accordingly, it was permitted feed single-

and three-phase loads. Then again, 

constrained outcomes have just been 

introduced by methods for reproductions. 

What's more, no insight about to the 

dimensioning and control of the converters 

were reasonably treated.  

In this project, the 1Ph-to-3Ph converter 

exhibited in is tentatively approved. It is 

called UPQC-1Ph-to-3Ph and its capacity 

circuit design is appeared in Fig. 1. This 

framework is demonstrated for applications 

in rural or remote zones where, for financial 

reasons, just single-phase EPDS, for 

example, SWER framework, is open to the 

shopper. When the proposed framework 

conveyed in this venture was imagined 

dependent on the UPQC functionalities, a 

few talks identified with the UPQC ought to 

be performed.  

Since they at the same time play out the 

elements of series active power filter 

(SAPF) and parallel active power filter 

(PAPF), the UPQCs have been ordinarily 

utilized to relieve PQ issues, both in single-

phase appropriation frameworks and in 

3P4W distributed frameworks. For the most 

part, the UPQCs are controlled to perform 

arrangement and parallel compensation, 

incorporating non-sinusoidal amounts of 

voltage and current, i.e., the arrangement 

converter combines non-sinusoidal voltage 

amounts to make up for grid voltage 

aggravations, while the parallel converter 

integrates non-sinusoidal current amounts to 

suppressing harmonic currents and repaying 

the reactive intensity of the heaps. For this 

compensation methodology, some 

computation strategy equipped for 

producing the voltage and current 

compensation references ought to be 

utilized. 

Then again, a few examinations displayed in 

the writing have utilized the double 

compensation methodology to control the 

series and parallel converters of the UPQC. 

In this technique, sinusoidal voltage and 

current references are utilized to control 

both the converters. For this situation, the 

arrangement converter orchestrates 

sinusoidal current amounts and, thus, works 

as a sinusoidal current source, giving a high 

impedance way to the present harmonics of 

the heap. The parallel converter integrates 

sinusoidal voltage amounts and, for this 

situation, works as a sinusoidal voltage 

source, giving a low impedance way to the 

present sounds of the heap.  

It is additionally seen that the exhibitions of 

the controllers are prominently better when 

they work with sinusoidal references, when 

contrasted with those that utilization non-

sinusoidal references. Moreover, since the 

control references are sinusoidal, the 

controllers actualized in the synchronous 

reference casing will have consistent 

reference of voltage and current, 

encouraging significantly more the control. 

Another favorable position of double 

remuneration is as age of control references, 

which is performed uniquely with the 
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utilization of a Phase-Locked Loop (PLL) 

framework. The primary commitment 

introduced in this paper is to approve 

tentatively the UPQC-1Ph-to-3Ph bound to 

sustain single-and three-phase loads from 

the SWER control dispersion frameworks, 

regularly found in rustic as well as remote 

zones and endure with PQ issues. By 

receiving the double pay technique, the 

proposed UPQC-1Ph-to-3Ph makes 

conceivable to deplete from the single-stage 

electrical lattice a sinusoidal flow in stage 

with the framework voltage. Besides, the 

framework can likewise stifle harmonics 

from the network voltage, just as make up 

for voltage unsettling influences, for 

example, voltage hangs/swell. At the end of 

the day, the UPQC-1Ph-to-3Ph can consider 

a nearby 3P4W framework with managed, 

adjusted and sinusoidal burden voltages with 

low symphonious substance improving the 

PQ pointers. In this manner, the proposed 

framework can accomplish two significant 

capacities all the while, as portrayed: I. 

Convert the single-phase grid into a three-

phase grid, producing a 3P4W circulation 

framework with earthed impartial wire to the 

last buyer, permitting to interface single-and 

there-phase loads; ii. Play out the 

arrangement and parallel dynamic power 

sifting improving PQ markers, for example, 

control factor, symphonious contortion. 

Besides, so as to aid the correct 

dimensioning of the UPQC-1Ph-to-3Ph 

power converters, an investigation including 

the power move through the arrangement 

and parallel converters is likewise 

introduced. 

 

II.PROPOSED METHOD 

 DESCRIPTION OF THE UPQC-1PH-

TO-3PH TOPOLOGY 

The topology of the UPQC-1Ph-to-3Ph is 

shown in Fig. 2.1. This one is formed by two 

PWM converters, being a half-bridge 

inverter and a split-capacitor 3-Leg inverter 

sharing the same dc-bus. As can be noted, a 

half-bridge inverter is used to compose the 

series converter, while in it was composed 

of a full-bridge inverter. Thus, besides using 

one leg less compared to the topology 

presented in the dc-bus is formed by the 

split-capacitor configuration, allowing 

access to the earthed return conductor of the 

load, as well to be used in SWER 

distribution systems. As can be noted in Fig. 

2.1, the four-wire of the load is connected to 

the dc-bus central point.  

The series converter, also called SAPF, is 

current controlled so that the input drained 

current is sinusoidal and in phase with the 

grid voltage, resulting in a power factor (PF) 

very close to one. A filter inductor is placed 

in series with the primary winding of the 

single-phase series coupling transformer. 

The parallel converter, called PAPF, is 

voltage controlled and it imposes three-

phase sinusoidal, regulated and balanced 

voltages to the loads. The load voltage of 

phase “a” is controlled to be in phase with 

the grid voltage. Second-order LC filters are 

used to attenuate the high-frequency voltage 

components. Since the inverter leg 

connected to phase “a” is controlled to 

operate as a sinusoidal voltage source, the 

harmonic and fundamental components of 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES.

VOLUME VI, ISSUE VII, JULY/2019

ISSN NO: 2394-8442

PAGE NO:309



the grid voltage are indirectly compensated 

by the system, and there is no need to use 

any specific algorithm to calculate/extract 

such components. The compensation voltage 

components, which are composed of 

harmonic and fundamental components, will 

appear across the terminals of the series 

coupling transformer. The power flow 

through the UPQC-1Ph-to-3Ph will depend 

on both the load characteristics, such as 

fundamental power factor and total 

harmonic distortion (THD) of current, as 

well as the characteristics of the grid, such 

as the differences between the amplitudes of 

the grid and load voltage (phase “a”), as 

well as the grid voltage THD. 

Fig.2.1.Topology of the UPQC-1Ph-3Ph 

2.1 GENERATION OF THE CONTROL 

REFERENCES AND DIAGRAMS OF 

THE CONVERTERS 

In this section, the strategies of generation of 

control references of the series and parallel 

converters as well as their modeling are 

presented. 

Current Reference of the Series 

Converter 

The single-phase current reference used to 

control the SAPF is obtained in the 

synchronous reference frame dq, as shown 

in Fig. 2.2. Thus, the load currents 

(iLa,iLb,iLc) are measured and transformed 

from the three-phase stationary reference 

frame (abc-axes) to the two-phase stationary 

reference frame (αβ0-axes) using the Clarke 

transformation. Then, by means of the Park 

transformation, the stationary current 

quantities of the reference frame αβ0 are 

transformed to the synchronous reference 

frame (dq-axes). In the rotating frame, the 

coordinates of the unit vector sin(θ) and 

cos(θ) are obtained using the PLL system 

presented in which θ is the estimated phase-

angle of the grid voltage. The quantity,id , 

shown in Fig. 2.2, represents the active 

components of the load currents, i.e., it is 

composed of an average component and 

oscillating components in the reference 

frame d (d-axis). 

Fig.2.2.Generation scheme of the series converter 

current reference the synchronous reference 

frame dq 

Once a 1Ph-to-3Ph system is being treated, 

the amplitude of the single-phase input/grid 

reference current ( i*cs ) must be properly 

adjusted to ensure that the average single-

phase input power ( Ps) is equivalent to the 

average three-phase output power (  PL).  
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In the synchronous reference frame, PL and  

PS are, respectively, given by 

 

Where vddc and iddc represents the dc 

components of voltage and current in the d-

axis, while Vsp and Isp represent the 

respective peak voltage and peak current of 

the single-phase grid. Assuming that, the 

amplitudes of the three-phase output 

voltages (VLp) are equal in amplitude to the 

grid voltages, can be written by

 
Considering an ideal system through (1), (2) 

and (3), the relationship between the current 

iddc and the current Isp is given as follows 

 

The presence of the gain Gcis observed in 

(4), which must necessarily be inserted in        

the algorithm of Fig. 2.2 to adapt the input 

and output powers of the UPQC-1Ph-to-3Ph. 

The current idc shown in Fig. 2.2 represents 

the output signal of the dc-bus voltage 

proportional-integral controller (PI). It is 

added to the direct synchronous axis current 

idG and it is responsible for controlling the 

balance/power flow of the system. In other 

words, idcis used to perform the following 

functions: i.Regulating the voltage of the dc-

bus to compensate for the losses involving 

the filtering passive elements and the 

switching devices; ii. Adjust the amplitude 

of the sinusoidal reference current i*cs 

(series converter), when there are variations 

of amplitude (sags/swells) between the input 

voltage and output voltage (phase “a”). 

The current idG =6id is added to idc and then 

filtered by means of a low-pass filter (LPF) 

generating iddc. Fig. 5.2 also shows the 

control loop used to cancel the voltage 

unbalances of the dc-bus capacitors, where 

the equivalent model adopted to represent 

the unbalance control is presented in the 

output signal of the mentioned controller 

(iunb) acts adjusting the dc level of the grid 

current. Thus, the reference current of the 

series converter is given by 

 

To improve the dynamic filtering response, 

a moving average filter (MAF) was used, 

acting as LPF. The MAF is characterized by 

being an easy-to-implement filter capable of 

rejecting the multiple frequency components 

of the cutoff frequency, which is defined as 

the inverse of the integration period (T) or 

by the fundamental component period. Fig. 

2.3 shows the structure of the MAF, which 

is composed of an integrator block, a 

transport delay block, a subtractor and a 

divisor. 

Fig.2.3. Moving average filter (MAF) 

Since the single-phase system is connected 

to the grid, it should be considered the 

presence of voltage ripples at 120Hz on the 

dc-bus of the UPQC-1Ph-to-3Ph. This ripple 
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may result in the appearance of the 120Hz 

harmonic in the series converter current 

reference ( i*cs), since this current contains 

information of idc. 

Therefore, one way of attenuating the signal 

amplitude at this unwanted frequency would 

be used as LPF in the dc-bus voltage control 

loop. Nevertheless, its use could interfere 

with the dynamics of the control making it 

slower. For this reason, it was opted to use 

only one LPF (MAF) after the sum of the 

dc-bus controller current ( idc) with the direct 

axis current, as shown in Fig. 2.2.  

Furthermore, if there are unbalanced load 

currents, a fundamental negative sequence 

component will also appear in the 

synchronous reference frame at the 120Hz 

frequency, i.e., T/2 of the fundamental 

component period. Consequently, it 

becomes necessary that the cutoff frequency 

of the moving average filter be 120Hz, i.e., 

the integer n shown in Fig. 2.3 must be 

equal to 2. 

III.PROPOSED CONTROLLER 

Current Controller of the Series 

Converter 

Fig. 3.4 shows, by means of a block 

diagram, the PI current controller as well as 

the average model of the series converter. 

Thus, the transfer function of the system can 

be written by 

 

Where Kps and Kis are the proportional-

integral (PI) current controller gains, Kpwm is 

the PWM gain, Leq is the equivalent 

inductance, Lfs is the series filter inductance, 

Ldt is the leakage inductance reflected to the 

primary of the transformer (grid side), N is 

the transformation ratio of the transformer, 

Req is the equivalent resistance, such that Rdt 

is the resistance of the series transformer, Rfs 

is the internal resistance of the series 

inductor and  Vdcis the total dc-bus voltage, 

such that  

 

The transformation ratio of the transformer 

N was set equal to 1. The higher the 

transformation ratio (N=2, for instance), the 

higher the current ripple in the filtering 

inductor ( Lfs). Therefore, this ripple would 

be transferred to the primary side of the 

transformer, increasing the THD of the grid 

current. One solution to overcome this 

problem would be to increase the inductance 

Lfs. In this way, N = 1 has been adopted, as 

can be noticed in Table 2.1. 

 

Fig.3.4.Block diagram of the current controller and the 

average model of the series converter. 

Reference Voltage of the Parallel 

Converter 
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The output voltage of phase “a” is 

controlled to be in phase with the grid 

voltage. Thus, given the estimated phase-

angle θ of the grid voltage, as well as the 

desired voltage amplitude of the load VLp, 

the output voltage references are given by 

 

Voltage Controller of the Parallel 

Converter 

Fig. 3.5 presents, by means of a block 

diagram, the voltage control loops as well as 

the average model of the parallel converter 

considering only phase “a”. The multi-loop 

control is implemented by an internal 

current control loop, where only a 

proportional controller is used, and an 

external voltage control loop, in which a PI 

controller is used. Thus, from the diagram of 

Fig. 2.4, the transfer function of the system 

can be written by                               

 

Based on (10), Kpv and Kiv represent the 

respective proportional and integral 

controller gains of the external voltage loop, 

KPi is the proportional gain of the internal 

current loop, Kpwm is the PWM gain, Cfp is 

the filter capacitor, C^fp is the estimated 

filter capacitor, Lfp is the filtering 

inductance, RLfp is the internal resistance of 

the filter inductor Lfp and Vdc is the total dc-

bus voltage. As shown in Fig. 2.5, a feed-

forward control loop is used in the output 

voltage control. The current iCfp of the filter 

capacitor Cfp is estimated, since it is not 

measured, 

 

Fig.3.5.Block diagram of the voltage control loops 

and the average model of the parallel converter                                                                                                                         

DC-Bus Voltage Controller 

By adopting a procedure similar to that 

presented in it is possible to obtain the 

voltage control of the dc-bus diagram as 

shown in Fig. 3.6. Thus, the small signal 

closed-loop transfer function of the dc-bus 

control system is given by 

 

Where Kpdc and KIdc are the respective 

proportional and integral gains of the dc-bus 

PI controller, Cdc is the equivalent dc-bus 

capacitance, Vdc is the total dc-bus voltage 

and Vd is the direct voltage in the 

synchronous reference frame. Equation (11) 

was obtained considering that a sinusoidal 

and balanced three-phase system is provided 

to the load. In addition, it was assumed that 
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the current drained from the grid is 

sinusoidal and in phase with the voltage, i.e., 

the UPQC- 1Ph-to-3Ph operates with unity 

PF. 

 

Fig.3.6. Block diagram of the dc-bus control 

system. 

IV.SIMULATION RESULTS:  

 

Fig.4.1. Load currents of UPQC-1Ph-3Ph with 

single phase load 

 

Fig.4.2. Load voltages and grid current of UPQC-

1Ph-3Ph with single phase load 

 

 

   Fig.4.3. Grid voltage and grid current of UPQC-

1Ph-3Ph  with single phase load 

 

Fig.6.4. Load and parallel converter currents of 

UPQC-1Ph-3Ph with single phase load 

 

Fig.4.5. Load currents of UPQC-1Ph-3Ph feeding 

three phase load 

Fig.4.6. Load voltages and grid current of UPQC-

1Ph-3Ph feeding three phase load 

 

 

Fig.4.7. Grid voltage and grid current of UPQC-

1Ph-3Ph feeding three phase load 
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Fig.4.8. Load, grid and parallel converter currents 

of UPQC-1Ph-3Ph feeding three phase load 

 

Fig.4.9. Currents and voltages of UPQC-1Ph-3Ph 

feeding three phase load 

 

 

Fig.4.10. Load voltages and grid current of 

UPQC-1Ph-3Ph feeding three phase load 

 

Fig.4.11. Grid voltage and grid current of UPQC-

1Ph-3Ph feeding three phase load 

 

Fig.4.12. Load, grid and parallel converter 

currents of UPQC-1Ph-3Ph feeding three phase 

load 

V.CONCLUSION 

This project presented the study and the 

simulation validation of a local three-phase 

four-wire power distribution system. The 

system, indicated for applications in rural or 

remote areas where three-phase distribution 

grids are not accessible, was conceived 

based on unified power quality conditioner 

functionalities. With serial and parallel 

filtering capability, two inverter topologies 

were used to compose the UPQC-1Ph-to-

3Ph. Thereby, the single-phase series 

converter was deployed using a half-bridge 

inverter, while the three-phase parallel 

converter was implemented using a 3-Leg 

split capacitor inverter. Using the dual 

compensation strategy, the proposed system 

was able of feeding linear and non-linear 

three-phase loads acting with universal 

active filtering capability, i.e., acting as 

SAPF and PAPF. In addition, a procedure 

was presented that allows the dimensioning 

the power structures of the series and 

parallel converters, under various operating 

conditions of the utility grid and the load. 

The good static and dynamic behavior of the 

UPQC-1Ph-to-3Ph has been proven through 

extensive simulation results. 
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