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The unified power quality conditioner (UPQC) is predominantly designed and implemented by 
utilizing the voltage source converter (VSC) topology with proportional - integral (PI), Fuzzy 
logic and Artificial Neural Network (ANN) based controllers, etc. for mitigating electric power 
quality (PQ) problems in distribution systems. The availability of very few literature on the 
application of current source converter (CSC) topology in custom power device (CPD) suggests 
that there are still significant research scopes in this area. This paper proposes a right shunt 
configured UPQC model based on the much overlooked CSC topology. The proposed model is 
controlled by two simple controllers viz. PI and Hysteresis band controllers acting in a 
coordinated manner eliminating the interference between the shunt converter and passive filter, 
requirement of the pre-charged capacitor on the DC link section and works with greater 
reliability, fault-tolerant, and efficiency. The performance assessment of the proposed model has 
been carried out through simulation with the help of Matlab©-Simulink. The results of the 
simulation study reveal that the proposed model can alleviate both the problems of voltage sag 
and harmonics simultaneously in a secondary power distribution system feeding a nonlinear 
load thereby improving power quality to the levels prescribed by the IEEE Standards.  
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1. Introduction 

 

Ever-growing deployment of power electronics technology in the industries including 

power system operation, offices and homes have led to provide tremendous advantages in 

terms of enhancing their efficacy, controllability, flexibility, and prospects of future 

expansions. However, the electric power supply providers or power utility operators are 

confronted with this rapidly increasing scenario as modern power consumers demand very 

good quality power for operating their sensitive loads. The application of nonlinear loads, 

for instance, adjustable speed drives (ASD) in industrial automation activities and other 

power electronics based systems or equipment contaminates the power distribution systems 

with undesirable harmonics. Although the power customers are encouraged to use power 

electronics based equipment for energy saving and better operating efficiency, the utility 

operators are compelled to face the problems associated with harmonics such as higher 

transformer and line losses, derating of distribution system equipment, reduction in system 

stability and so on. The presence of harmonics heats up the electrical equipment and 

accessories thereby reducing their lifespan. Also, the harmonic currents emanating from the 

nonlinear loads are responsible for causing voltage drops in the power distribution system.  

Apart from the waveform distortions caused by harmonics, there are many other PQ 

problems occurring in the power distribution system. These problems include voltage sag, 
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swell, interruption, under-voltage, over-voltage and so on [1, 5]. In order to alleviate these 

PQ problems, power system researchers and engineers have been working hard to develop 

various types of CPDs. Apart from the UPQC, other examples of the CPD are D-

STATCOM (distribution static synchronous compensator), DVR (dynamic voltage restorer) 

and APF (active power filters). Amongst the PQ problems, the voltage sag belongs to the 

short duration voltage variation. The deviation of source voltage in terms of its RMS value 

at the fundamental frequency for a period, not more than sixty seconds is known as short 

duration voltage variation. The voltage sag is generally caused by system faults conditions, 

energization of highly inductive loads which draws a huge influx of currents and erratic 

wiring conditions [2, 6]. The voltage sags can cause enormous financial losses or 

production damages to those industries whose sensitive loads are ASDs, process control 

equipment and computers [6, 8]. In spite of the fact that voltage sag isn't as harming to the 

industries like that of the voltage interruption, its recurrence of the event is much more than 

that of the voltage interruption phenomena and thus, the aggregate harm because of voltage 

sag is as yet bigger. As such, the occurrence of voltage dip or sag is considerably more of a 

universal than that of interruption. Improvement of one feeder is necessary for decreasing 

the occurrence of interruptions whereas upgrading on a number of feeders of the 

distribution system are required so as to reduce the appearance of a number of voltage sags 

[1,6]. The voltage sag can be mitigated with the help of CPDs such as D-STATCOM or 

DVR. Unlike standalone operation of the D-STATCOM or DVR, the UPQC has the ability 

to take care of the majority of the PQ issues. The UPQC is one of the versatile CPD which 

can inject current in shunt and voltage in series simultaneously in a dual control mode for 

power quality improvement task at distribution system. The UPQC can also perform both 

the functions of load compensation as well as voltage control at the same time. Mostly, the 

design and implementation of CPD are carried out by using VSC topology due to various 

reasons discussed at [6-9, 11-13] of the literature. The advent of newer power electronic 

switching devices which are capable of withstanding higher voltage and current levels with 

faster switching speed for instance IGCT, development of superconducting materials for 

realising DC link reactor and robust control schemes, the prevalence of utilization of CSC 

topology in CPD is projected to overtake its counterpart the VSC topology in the near 

future.  

The UPQC performs the functions of both the D-STATCOM and that of the DVR 

simultaneously. The series component of the UPQC makes sure that the load voltage is 

balanced and distortion free by injecting appropriate voltages. In a coordinated manner, the 

shunt module of the UPQC feeds suitable magnitude of current to the AC system thereby 

ensuring that the currents entering the AC bus become balanced and sinusoidal in nature 

[2]. A current source converter ensures to provide controllable AC output current with less 

harmonic contents [6, 7]. “Since the output voltage and current waveforms of the CSC 

topology are good sinusoidal, this topology will be a suitable option for use in the series 

component of the UPQC system where the voltage is to be injected in series and 

synchronism with the distribution feeder bus voltage through the coupling transformers” 

[2,12,13]. The DC link reactor utilized in the CSC has obviously better reliability than that 

of the pre-charged capacitor of the VSC circuit. In the case of fault conditions, the CSC 

based UPQC will operate with greater reliability as the inductance of the series inductor is 

high enough to restrict the rate of rising of current. CSC based UPQC implementation will 

provide better responses in terms of offering “good quality sinusoidal injection voltage, 

more fault tolerant capability, more reliable, efficient converter operation and simpler AC 

side filter circuit”. A CSC based UPQC configuration without coupling transformer on the 

shunt compensation side using SPWM method of generating gate drive signals for the 

converters are discussed in details at [14]. This method fails to provide isolation between 

the converter circuit and the power distribution system thereby increasing the risk of system 
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failure. In [15], the DC link reactor is supplied from a photovoltaic system and reference 

signals are generated by using the synchronous reference frame theory (SRFT) method. A 

left shunt CSC based UPQC configuration whose DC link reactor is fed from a photovoltaic 

source and ultra-capacitor with a buck-boost converter were proposed in [16] under SRFT 

control strategies. Another left shunt CSC based UPQC model with a moderately complex 

control strategy named linear quadratic regulator (LQR) is discussed at [33]. However, the 

left shunt UPQC configuration creates problems such as interference between the shunt 

converter and passive filter [34]. The previous works of the Authors on the two main 

components of UPQC viz. CSC based D-STATCOM and DVR presented at [6,8,12,13] 

were implemented by using SRFT techniques and the gate drive signals for the CSCs were 

generated with the help of SPWM methods. In [30], the Authors proposed a model of CSC 

based UPQC controlled by a robust integrated Fuzzy-PI controller which requires more 

intricate design procedures. The superconducting magnetic energy storage (SMES) system 

as discussed at [31] strongly supports this topology as the promising one for the 

development of CSC based CPDs to be interfaced with low voltage power distribution 

systems. A comparative study on the performance of UPQC with photovoltaic fed VSC, 

CSC and impedance source converter (ZSC) utilising unit vector template (UVT) control 

scheme discussed at [32] shows that CSC based UPQC executes power quality 

improvement tasks better than the VSC based one. 

In this paper, a right shunt configured CSC based UPQC having separate coupling 

transformers for the series and shunt APF components is proposed by considering the 

advantageous features of CSC topology described at [6-9, 11-13]. With this approach, the 

shunt coupling transformer not only provides isolation of the converter circuit from the 

distribution grid but also ensures to smoothening the current to be injected. The problem of 

interference between the shunt converter and passive filter circuit is eliminated. The current 

flowing through the series transformer is sinusoidal without depending on the 

characteristics of the load current on the distribution system. The proposed model is 

controlled by two simple PI and Hysteresis band controllers in a well-coordinated manner 

without using complex control strategies. The model has been simulated in 

Matlab/Simulink environment to investigate its performances in terms of mitigating voltage 

sag and harmonics in a secondary power distribution system feeding a nonlinear load. Also, 

the results of the simulation run are presented to validate its suitability for using as a viable 

CPD to enhance power quality. After the introduction, the paper has been organized in the 

following manner: the UPQC and its configurations are discussed in Section 2. Section 3 of 

the paper explains the control system for the proposed UPQC model.  The model simulation 

results and discussions are presented in Section 4 and a conclusion of the paper is given in 

Section 5. 

 

2.  Notation 
 

The notation used throughout the paper is stated below. 

 

Indexes: 

 

iS source current [Amperes];  

iL load currents [Amperes] ; 

vsa source voltage for phase ‘a’ [Volts]; 

vsb source voltage for phase ‘b’ [Volts]; 

vsc source voltage for phase ‘c’ [Volts]; 

vinj injected voltage [Volts]; 
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vsa
* reference source voltage of phase ‘a’ [Volts]; 

vsb
* reference source voltage of phase ‘b’ [Volts]; 

vsc
* reference source voltage of phase ‘c’ [Volts]; 

i*
sa reference source current of phase ‘a’ [Amperes]; 

i*
sb reference source current of phase ‘b’ [Amperes]; 

i*
sc reference source current of phase ‘c’ [Amperes]; 

 

 

  

 

3. UPQC and its configurations  

 

Fig. 1 depicts the simplified configuration of a VSC based UPQC where two different 

CPDs are integrated to act together. Under this configuration, the shunt connected CPD 

(shunt APF) is capable of supplying or absorbing reactive power in order to support the 

system bus voltage.  

 
Fig. 1: Simplified configuration of a VSC based UPQC 

 

It can also generate or absorb the real power by providing support to the series connected 

APF. However, under the steady-state condition, both the APFs of the UPQC should not 

either generate or assimilate any active power from the power distribution system. The 

function of load compensation, as well as voltage control, can be simultaneously executed 

by the UPQC system. As on account of D-STATCOM or DVR, the UPQC should likewise 

able to infuse imbalanced and distorted voltages and currents and henceforth its working 

mechanism is unique in relation to that of a UPFC and needs an intricate control framework 

[2,17]. The series connected CPD (series APF) restricts the customer voltage from any 

variation in magnitude such as voltage sag, swell or interruption. A DC link capacitor 

provides the path for exchanging energy between the two APFs of the UPQC. The DC link 

capacitor performs its action when the shunt connected converter is not in a position to 

supply the power during large voltage sags and interruptions. 

 
3.1. CSC based UPQC configuration 

 

The simplified configuration of the proposed CSC based UPQC is shown in Fig. 2. The 

CPD is built up by using both the series and shunt APFs which are connected back-to-back 

on the DC side through a common DC link reactor instead of a pre-charged capacitor. The 

UPQC is capable of compensating not just the harmonic currents and imbalance 

characteristics of a nonlinear load yet in addition harmonic voltages of the distribution 
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system. Thus, the UPQC can provide improved quality power to other harmonic sensitive 

loads associated with the same power distribution system [18, 19,20]. 

 
Fig. 2: Simplified configuration of a CSC based UPQC 

 

 The UPQC utilizes two numbers of CSCs to drive the shunt and series coupling 

transformers which are interfaced with the power distribution system. The gate turn off 

(GTO) thyristor has adequate capacity to block reverse voltage; hence, it is chosen as the 

switching elements for both the series and shunt APFs of the proposed UPQC model. There 

are two different methods of interfacing the UPQC with the power distribution system viz. 

the right shunt and left shunt UPQC connections. The shunt APF of the UPQC is connected 

to the load side and the series APF on the supply side in the right shunt UPQC. But in the 

case of left shunt UPQC, the shunt APF is interfaced towards the supply side and the series 

APF on the load side [2]. The right shunt UPQC connection scheme has been selected in 

the proposed model as this configuration has better performance characteristics such as the 

capability to operate with zero power absorption or injection, attaining unity power factor at 

load terminals and compensating full reactive power, etc. 

 

4. Control system of the proposed UPQC 

 

Fig. 3 illustrates the equivalent circuit diagram of the proposed CSC based UPQC. Here, 

the secondary distribution source and load voltages are represented as vS and vL 

respectively. R + j X is the feeder system impedance, iS and iL indicate the source and load 

currents respectively. When there are unwanted disturbances in the current and voltage 

waveforms at the point of common coupling (PCC) or at the load bus, the UPQC should 

able to execute the corrective actions.  

 
 

Fig. 3: Equivalent circuit diagram of the proposed UPQC 
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These corrective measures include converting iS to balanced sinusoidal currents using the 

shunt APF or D-STATCOM and vL into a balanced sinusoidal voltage with the help of the 

series APF or DVR. In other words, if there is the presence of voltage sags at the load bus, 

it must be mitigated by injecting the required voltage vinj and regulate it to the desired value 

for the smooth operation of the load. Similarly, the current related problems such as current 

imbalance and harmonics are resolved by injecting the appropriate value of iinj with the help 

of series APF. The control system structure of the proposed UPQC is shown in Fig. 4. The 

development of control system for the UPQC requires sensing of voltage for the series APF 

and current for the shunt APF so as to generate reference signals which are needed in the 

process of implementation of the control algorithm. The sensing of voltage and current 

signals can be done either at the load side or at the supply side. Once the reference signals 

are generated, the next important step is to generate gating signals for the GTO switches of 

3-leg CSCs which are employed in both the APFs of the UPQC.  

 
 

Fig. 4: Control system structure of the proposed UPQC 

 

This can be done by using various PWM techniques such as SPWM, space vector PWM 

and hysteresis band controller based PWM, etc. In the proposed model, hysteresis band 

controller based PWM method is chosen as it offers the simplicity of implementation, faster 

response, inherent peak current limiting capability and does not require any information 

about system parameters [21]. The fundamental requirement that guarantees the proper 

functioning of the APFs deployed in the UPQC is the reference signals which are processed 

by the controller. “The reference signal estimation is initiated through the detection of 

voltage and current signals for gathering accurate system variable information [22]”. The 

various control system subsections of the proposed UPQC model are discussed below. 

 

4.1. Control system for series APF 

 

The series APF the proposed model is designed to compensate for all kinds of voltage 

related disturbances including voltage sag caused by system faults on the source side. By 

forcing high impedance for the harmonic currents to flow from the load to source and vice 

versa; this filter also works as a controlled voltage source. A hysteresis band voltage 

controller controls the series APF. The phase lock loop (PLL) based unit vector templates 

are multiplied with a constant equivalent to the maximum value of fundamental supply 

voltage for acquiring the reference load voltages [23]. The series APF must be controlled to 

infuse suitable voltage between the load and point of common coupling with the aim of 



M. Deben Singh et al: Performance assessment of current source converter based UPQC... 
 

 282

achieving the load voltage as balanced, sinusoidal and free from distortion with the 

preferred magnitude.  

 

Considering the 3-phase secondary distribution source voltage as purely sinusoidal 

and balanced, it can be written as: 

 v�� =  �� �	
 �� v�  =  V� Sin �ωt − ��� � 

v��   =  �� �	
 ��� + 2�3 ! 

 

where Vm is the peak value of the supply voltage of each phase. 

In this controller section, the source voltages of Equation 1 are transformed from 

abc frame to αβ0 coordinate frame by using Clarke’s Transformation. Clarke’s 

transformation for these source voltages can be expressed as given in Equation 2 below. 

"#$#%#&' = (�� )*
**
+ 1 − -� − -�0 √�� − √��-√� -√� -√� 01

11
2 "#34#35#36 '                                                  (2) 

The reference voltage for the series CSC is computed with the help of this controller by 

comparing the positive sequence components with the perturbed source voltage [24-26]. 

Now, the reference voltages can be calculated by using the αβ0 coordinate frame voltages 

available at Equation 2. For generating the reference voltage signals (vsa
*, vsb

*and vsc
*), the 

αβ0 coordinate frame is converted back into abc frame with the help of the inverse Clarke’s 

transformation presented in Equation 3. 

"#34∗#35∗#36∗ ' = (��
)*
**
+ 1 0 -√�− -� √�� -√�− -� − √�� -√�01

11
2 "#$#%#&'                                                  (3) 

The hysteresis band controller which is used in the proposed model of UPQC generates the 

necessary gate drive signals for the GTO switches of the series APF by comparing the 3-

phase sensed load voltages (vL) with that of the reference voltages presented in Equation 3. 

 

4.2. Control system for shunt APF 

 

In the shunt APF component of the UPQC, all types of disturbance associated with 

current are alleviated. It can also control the DC link current or voltage of the UPQC; 

absorb the current harmonics; perform the compensation of negative sequence current and 

reactive power emanating from the load [25]. The process of extracting the harmonic 

contents from the nonlinear harmonic current so as to generate the reference current for 

harmonic compensation is performed in this control system. For controlling the shunt APF, 

instantaneous reactive power (p-q) theory has been used in the proposed model. Here, the 

instantaneous 3-phase voltage and current are converted into αβ0 coordinate frame from the 

}
 

 (1) 
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abc coordinate by using Clarke’s transformation method which is presented in Equation 2 

and 4 respectively. 

8	$	%	&
9 = (�� )*

**
+ 1 − -√� − -�0 √�� − √��-√� -√� -√� 01

11
2 "	34	35	36

'                                                   (4) 

 

As shown in Equation 5, the instantaneous active and reactive powers in orthogonal 

coordinates can be expressed in matrix form [25] as: 

:;<= = : #$ #%−#% #$= >	$	%?                                                                      (5) 

The instantaneous real and imaginary powers contain both the AC and DC components as 

given in Equation 6 below. 

 ;& =  #& ×  	&;         ; =  ;A  +  ;B                                                   (6) 

 

where ;A and ;A represent the DC and AC components in active power. The DC components 

of active and reactive power are due to the positive sequence element of load current and 

that of AC components are caused by the harmonics and negative sequence element of the 

load current [24]. In terms of αβ coordinates, the reference current of shunt APF can be 

obtained from Equation 7 given below. 

 

>	$∗	%∗ ? = -CDEFCGE :#$ −#%#% #$ = >−;B + ;&+ HBIJKK−< ?                                      (7) 

The reference current in Equation 7 has been transformed into abc frame using inverse 

Clarke’s transformation for obtaining the reference source currents (i*
sa, i*

sb, i*
sc)  for the 

shunt APF as shown in Equation 8 in order to compensate harmonic, reactive and neutral 

currents flowing in the loads [24].  

8	34∗	35∗	36∗ 9 = (�� )*
*+

1 0− -� √��− -� − √�� 01
12 >	$∗	%∗ ?                                                              (8) 

For the GTO switches of the shunt APF, the gate drive signals are generated by comparing 

the actual line currents (sensed) and reference currents available in Equation 8 using a 

hysteresis band current controller. The Simulink model of the shunt controller section is 

shown in Fig. 5. 
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Fig. 5: Simulink model of the shunt controller 

 

4.3. Hysteresis band controller 

 

In APF applications,  the hysteresis band current control method has been considered 

to be an ideal option due to its advantageous features such as easy to implement, 

insensitivity to DC link voltage ripple practically, capability to restrict device peak current 

directly and fast dynamic response, etc. thereby allowing to use a lower value filter 

capacitor and so on [27]. Fig. 6 illustrates the typical pattern of generating gate drive 

signals by a hysteresis band controller.  

 

 
Fig. 6: Gate drive signal generation pattern by a hysteresis band controller 

 

The fundamental practice behind this type of controller is based on an error signal 

generated by comparing a triangular signal of fixed width hysteresis band with that of the 

sinusoidal reference signal of desired magnitude and frequency to produce proper actuating 

signals.  There are two tolerance bands above and below the reference current. “When the 

error reaches to the upper band, the current is forced to decrease and when the error touches 

to the lower band, the current is compelled to increase”. Such actions enable it to generate 

proper gate drive signals required for the converter switches of APFs. In other words, the 

gating signals for the power electronic switches used in the converters are generated by 

comparing the reference signal voltage or current with that of the actual signal voltage or 

current. 

 

4.4. DC link PI controller 

 

A PI controller performs a good control action for any nonlinear and complex industrial 

process by tuning its parameter properly.  As the proposed model depends on CSC 

topology,  the DC current (Idc) must be higher than the maximum value of the harmonic 

current which is required to be generated by the APF. The value of inductance of the DC 
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link reactor, Ldc is fixed by an allowable current ripple during each operation cycle [28] as 

per the following relation: 

 LM6 = HBNOPQ  ∆OPQ                                                                                 (9) 

 

A reference DC link current is compared with the sensed value of current Idc. Then, the 

error signal is processed by using a discrete PI controller. Now, considering the output of 

the PI controller as the power losses during the switching actions; the reference source 

currents are derived by adding the active power losses to it [25]. The reference currents so 

generated are compared with the actual source current in a hysteresis band controller to 

produce the necessary gate drive signals for the GTO switches of the shunt APF. 

 

5. Model simulation results and discussions 

 
The proposed CSC based UPQC model has been simulated in the Matlab/Simulink 

platform.  

 

Table 1: Parameter settings of the proposed model 

Name of parameters Values 

Distribution system voltage and frequency 415 V (RMS), 50 Hz 

Feeder impedance 0.4 Ω,  2.8 µH 

Nominal power and frequency of the series and 

shunt coupling transformers 

8 KVA, 50 Hz 

Series coupling transformer winding resistances 

and inductances 

4.33 Ω, 46 mH 

Shunt coupling transformer winding resistances 

and inductances 

82 mΩ, 10 mH 

Capacitance of AC side Filter on  series APF  3000 µF 

Capacitance of AC side Filter on  shunt APF 3850 µF 

Inductance and resistance of DC link reactor 0.01Ω,  8000 µH 

DC link reference current 200 A 

PI controller gains for DC link  KP = 2, Ki = 4 

Switching frequency of CSCs 20 kHz 

Nonlinear load 3-phase rectifier 

 

The various parameter settings used in the simulation process of the model so developed 

are presented in Table 1 and the complete Simulink model of the UPQC is shown in Fig. 7. 

 

 
Fig. 7: Simulink model of the proposed UPQC 

 



M. Deben Singh et al: Performance assessment of current source converter based UPQC... 
 

 286

For investigating the performance of the model, simulation has been performed in various 

ways and the results are discussed hereunder. 

 

5.1. Results of the simulation without UPQC operation 

 

The performance characteristics of the proposed secondary power distribution system 

model are checked first without operating the UPQC and also disconnecting the voltage sag 

generator i.e. the 3-phase faults component from the model. Under this condition, the 

source and load voltage waveforms observed are shown in Figures 8a and 8b respectively. 

From these waveforms, it is learnt that the secondary distribution system is providing the 

required voltage magnitude of 415 V (RMS) or 586 V (peak to peak) to the nonlinear load. 

In order to ascertain the number of harmonics emanated from the nonlinear load, FFT 

analysis was carried out and the observed harmonics spectrums are presented in Figure 9a 

and 9b respectively for both the source and load voltages.  

 

 
Fig. 8: Source and load voltages without operating UPQC 

 

The THD values of the source and load voltages are found to be 0.51% and 1.17% 

respectively.   

 
Fig. 9: Harmonics spectrum for source and load voltages without UPQC operation 

 

Figures 10a and 10b illustrate the source and load current waveforms under the same 

operating condition respectively. The source current waveform at Figure 10a appears to 

have lots of distortions for about 4.5 milliseconds initially and continues to flow in the 

system. 
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Fig. 10: Source and load currents without operating UPQC 

 

The load current waveform in Figure 10b also contains unwanted harmonics. Both the 

current waveforms are found to be none pure sinusoids. The THD values for the two 

currents have been examined through FFT analysis and the results are depicted in Figures 

11.  

 

 
Fig. 11: Harmonics spectrum for the source and load currents without operating UPQC 

 

Figure 11a shows a THD value of 19.60% for the source current and 10.75% is obtained as 

the THD value for the load current as shown in Figure11b. From these observations, it 

learnt that the 3-phase nonlinear load pollutes the power distribution system by injecting 

undesirable harmonics. 

 

5.2. Results of simulation with UPQC operation 

 

The performance of the proposed UPQC has been examined by introducing voltage sag 

on the source side. The 3-phase fault component available in the Simulink toolbox is used 

to generate voltage sag for the duration of 0.1 seconds to 0.2 seconds and then the model is 

simulated. The source injected and load voltage waveforms under this condition are 

presented in Figure 12a, 12b and 12c respectively. 

 

Figure 12a shows the distribution supply voltage whose magnitude is found to have a 

voltage dip for the duration of 0.1 second to 0.2 seconds due to the application of 3-phase 

triple line to ground faults on the source side. During this period, the series APF injects the 

required voltage to the distribution system through the series coupling transformers as 

depicted in Figure 12b so as to compensate the voltage sag and provide regulated AC 

supply voltage to the load. The regulated load voltage as shown in Figure 12c has the 

desired voltage magnitude of 415 V (RMS) or 586 V (peak to peak) for the smooth 

operation of the load.  The harmonics spectrum for the source and load voltages have been 
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studied through FFT analysis under this condition and these are presented at Figures 13a 

and 13b respectively. 

 

 
Fig. 12: Source, injected and load voltages with UPQC operation 

 

 

 

 
Fig. 13: Harmonics spectrum for the source and load voltages with UPQC operation 

 

As seen in Figure 13a and 13b, the THD value of the source voltage has decreased from 

0.51% to 0.35% and 1.17% to 0.66% for the load voltage with the operation of the 

proposed UPQC. The source and load currents are monitored with the operation of the 

proposed UPQC and these have been shown in Figures 14a and 14b. These waveforms still 

contain harmonics but at reduced levels, as revealed by the FFT analysis of these currents 

which are presented in Figures 15a and 15b respectively. As shown in Figure 14a, the THD 

value of the source current has drastically diminished from 19.60% to 2.15% and for the 

load current, it has significantly decreased from 10.75% to 6.24% as depicted in Figure 

14b. 

 
Fig. 14: Source and load currents with UPQC operation 
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Fig. 15: Harmonics spectrum for the source and load currents with UPQC operation 

 

These results reveal that the shunt APF component of the proposed UPQC performs the 

tasks of alleviating current related problems in the distribution system properly.  

 

6. Conclusions 

 

Through this work, the application of much overlooked CSC topology has been 

employed in the process of developing a UPQC for performing power quality improvement 

tasks in a secondary power distribution system connected with the nonlinear load. The 

proposed CSC based UPQC with simpler control strategies is found to be capable of 

performing the voltage sag mitigation as well as harmonics compensation jobs 

simultaneously. From the simulation studies carried out under various conditions, it is 

observed that the THD value of the voltages and currents are able to bring within the 

recommended limits specified by the IEEE standard 519-1992 [29] with the operation of 

the proposed UPQC. Thus, the model can be considered as a viable option for alleviating 

PQ problem in the secondary power distribution system with less complexity and better 

reliability.  
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