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Abstract: This paper proposes a Multi Converter Unified Power Quality Conditioner (MC-UPQC) to 
improve the power quality in a multi bus with sub transmission system. AMC-UPQC consists of two 
series and one shunt voltage-source converters (VSC). It is proposed to implement in adjacent 
transmission lines to improve the quality of voltage.  In the proposed system, all converters are 
connected back to back on the dc side and share a common DC-link capacitor. It results in the transfer 
of power from one line to adjacent line to compensate for voltage sag/swell. Harmonics produced by 
voltage distortion is also reduced within IEEE standards. The whole system is simulated and analyzed 
using MATLAB7.7/ Simulink. 
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INTRODUCTION 

 
With the ever increasing complexities in power systems across the globe and growing need to provide 

stable, secure, controlled, economical, and high-quality power-especially in the deregulated environment, it is 
envisaged that FACTS controllers will play a critical role in power systems in the future. The increase in the use 
of Power Quality (PQ) sensitive equipment, increased use of equipment that generates power quality problems, 
and deregulation of the power industry are the factors which influence the utilities and their customer’s 
competitiveness. As the need for reliable and efficient electrical power system increases, the utility transmission 
and distribution system increased in complexity and the voltage. Therefore, the utilities and their customers need 
prompt and immediate information about power quality at the transmission, distribution and end-user levels. 
Thus, power quality systems become more complex. 

Unified Power Quality Conditioner (UPQC) has become very popular in recent years both in low voltage 
and medium voltage applications. Most of the proposed and practiced control strategies for power quality 
conditioners have been reviewed with regard to performance and implementation. UPQC systems were studied 
by many researchers as an eventual method to improve the PQ in electrical distribution systems. 

Hideaki Fujita, and Hirofumi Akagi (Fujita H et al., 1998) analyzed the Integration of Series and Shunt 
Active Filters for a Unified Power Quality Conditioner. Vadirajacharya G. Kinhal, PromodAgarwal, and 
HariOam Gupta (Vadirajacharya G et al.,2011), studied the performance of  Neural Network Based Unified 
Power-Quality Conditioner using PI controller. Mauricio Aredes, KlemensHeumann and Edson H. Watanabe 
(AredesM et al.,1998) proposed A Universal Active Power Line Conditioner that incorporates not only the 
compensation functions at the fundamental frequency like a Unified Power Flow Controller (UPFC), but also 
provides active harmonic mitigation capabilities. Amit Kumar Jindal, ArindamGhosh, and Avinash Joshi 
(JindalK et al., 2007)gave an idea about Interline Unified Power Quality Conditioner using a voltage source 
converter, to improve the power quality of two feeders in a distribution system. B. Han, B. Bae, H. Kim, and S. 
Beak(HanB et al.,2006)deliberated the Operation of Unified Power-Quality Conditioner with Distributed 
Generation using unified power-quality conditioner. Mehdi Forghani and SaeedAfsharnia(Mehdi Forghani et 
al.,2007)anticipated the Control Strategy for UPQC Control System using Online Wavelet Transform. 
SudiptaChakrabortyandMarceloG. Simoes(Sudipta Chakraborty et al.,2009)explore the Experimental 
Evaluation of Active Filtering in a Single-Phase High-Frequency AC Micro grid using unified power quality 
conditioner to control the power flow and power quality, respectively. 

Many researchers were analyzed the performance of UPQC in a secondary power distribution system. 
Apparently there are no analyses of UPQC in a sub transmissionsystem to improve the quality of power in 
primary power distribution substations. The role of sub transmission system is mainly the same as that of the 
primary power distribution system, except that it serves a larger geographical area and distributes larger block of 
energy at higher voltage levels. It may be noted that there is no clear demarcation line between transmission and 
sub-transmission voltage levels. The sub transmission lines distribute the transmitted energy to a number of 
primary power distribution substations in a certain geographical location. 
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In this paper, a new configuration of a UPQC called the Multi Converter Unified Power Quality 
Conditioner (MC-UPQC) in sub transmission system with primary power distribution substations at the end of 
the line is presented. The system is extended by adding a series-VSC in an adjacent bus. The proposed topology 
can be used for simultaneous compensation of voltage and current imperfections in both buses by sharing power 
compensation capabilities between two adjacent buses which are not connected. The system is also capable of 
compensating for interruptions without the need for a battery storage system and consequently without storage 
capacity limitations. 
 
Proposed Mc-Upqc System: 
A. Circuit Configuration: 

Two feeders are connected to two different generating stations that supplies lumped primary power 
distribution substation L1 and L2 are considered in the analysis of MC-UPQC. The primary power distribution 
substation is considered as a load for sub transmission line. The single-line diagram of a sub transmission 
system with an MC-UPQC is shown in Fig. 1. 

 

 
 

Fig. 1: Single-line diagram of a sub transmission system with an MC-UPQC 
 
The MC-UPQC is connected with two buses BUS1 and BUS2 with voltages of ut1and ut2, respectively. us1 

and us2 are supplied voltages and ul1 and ul2 are load voltages . Finally, sub transmission line currents are denoted 
by is1 and is2, load currents are il1 and il2 .The shunt part of the MC-UPQC is also connected to L1 with a current 
of il1.  

Various types of Loads such as sensitive, critical, linear and nonlinear are supplied by the power system.  
Bus voltages ut1 and ut2 are distorted and may be subject to sag/swell.  Loads may produce harmonics in system 
current.  Sensitive (WoodleyN et al., 1998) and critical loads need pure sinusoidal and distortion free voltage. It 
necessitates the MC-UPQC in a sub transmission system.  

B. MC–UPQC Structure 
The internal structure of the MC–UPQC is shown in Fig. 2. It consists of three VSCs (VSC1, VSC2, and 

VSC3) which are connected back to back through a common DC-link Capacitor (Cdc). In the proposed 
configuration, VSC1 is connected in series with BUS1 and VSC2 is connected in parallel with the primary 
power distribution substation L1 at the end of sub transmission line1. VSC3 is connected in series with BUS2 at 
the sub transmission line2 end. 

Common DC-link capacitor supplies all converters and connects the sub transmission system through a 
transformer.  The series-connected transformers secondary sides are directly (GyugyiL et al., 1999) connected in 
series with BUS1 and BUS2, and the shunt-connected transformer secondary side is connected in parallel with 
primary distribution substation L1. The MC-UPQC is intended: 

1) To regulate the load voltage (Vl1) against sag/swell in the system to protect the nonlinear/sensitive load 
of primary power distribution substation L1; 

2) To regulate the load voltage (Vl2) against sag/swelling the system to protect the sensitive/ critical load 
of primary power distribution substation L2; 

3) To compensate for the reactive and harmonic components of nonlinear load current il1 
In order to achieve these goals, series VSCs (i.e., VSC1 and VSC3) operate as voltage controllers while the 

shunt VSC (i.e., VSC2) operates as a current controller. 
All VSCs consist of a three-phase converter (Ghosh et al.,2001) with a commutation reactor and high-pass 

output filter as shown in Fig. 3. To avert the flow of switching harmonics into the power supply the 
commutation reactor (Lf) and high pass output filter (Rf, Cf) is connected. 

 
 

MC-UPQC 
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Fig. 2: Typical MC-UPQC used in a primary power distribution system. 

 

 
 

Fig. 3: Schematic structure of a VSC. 
 
C. Control Strategy: 

All VSCs are controlled independently using sinusoidal pulse width-modulation (SPWM) voltage control 
and hysteresis current control. 

Shunt-VSC: The functions of the shunt-VSC are: 
1) To compensate for the reactive component of primary power distribution substation load current il1 
2) To compensate for the harmonic components of primary power distribution substation load current il2 
3) To regulate the voltage of the common DC-link capacitor. 
Fig. 4 shows the control block diagram for the shunt VSC. The measured load current (il-abc) is transformed 

(Hu M et al.,2000)into the synchronous dqo reference frame by using 
 
il-q=2/3[ila cosθ+ ilb  cos(θ–2П/3)+ ilc cos(θ +2П/3)]            (1) 
il-d =2/3[ila sinθ+ilb sin(θ–2П/3)+ ilc sin(θ +2П/3)]            (2)   
il-o =1/3[ila + ilb + ilc  ]                                                           (3) 
 
By this transform all harmonic components are transformed into a quantity with a fundamental frequency 

shift. Low-pass filters (LPFs) extracts the DC quantities in the d and q axes from the fundamental positive-
sequence component. 

 
                         (4) 

 

Lf 

Lf 
Lf 
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         (5) 
 
Where , are d-q co, ponents of load current, are DC components, and are the AC 

components of and  . 
 Let us assume  , where is the feeder current and is the shunt VSC current. Then d–q 

components of the shunt VSC reference current are defined as follows: 
 

           (6) 
 

           (7) 
 
Consequently, the d – q components of the base current are 
 

           (8) 
 

           (9) 
 
Equation (8) and (9) specify that harmonic and reactive components free sub transmission line current.  In 

this paper a Proportional–Integral (PI) controller (Rajani B et al., 2012) is proposed to regulate DC link voltage 
disturbed by switching losses and sudden changes in load. The control block diagram of shunt VSC is shown in 

Fig.4. The error between the actual capacitor voltage (Vdc) and its reference value is processed by PI 
controller and produces . The output of the PI controller is added to the component of the shunt-VSC 
reference current to form a new reference current as follows 

 

          (10) 
 

 
 
Fig. 4: Control block diagram of the shunt VSC. 

 
Then Inverse park transformation (Martin Kesler et al.,2009)is applied to the reference current. By using 

PWM hysteresis current control, the output-compensating currents in each phase are obtained 
 

= cosθ+ sinθ         (11) 

= cos(θ–2П/3)+ sin(θ–2П/3)         (12) 

= cos(θ+2П/3)+ sin(θ+2П/3)         (13) 
 
Series-VSC: The functions of the series VSCs in each sub transmission lines are: 
1) To lessen voltage sag and swell; 
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2) To compensate for voltage distortions, such as harmonics; 
3) To compensate for interruptions (in Bus2 only). 
 

 
 
Fig. 5: Control block diagram of the series VSC 

  
The control block diagram of each series VSC is shown inFig.5. The bus voltage is detected and then 

transformed into the synchronous reference frame using 
 

       (14) 
 
Where 

 
         (15) 

 
         (16) 

 
          (17) 

 
         (18) 

 
and  are the fundamental frequency positive, negative and zero sequence components  

respectively and is the harmonic component of the bus voltage. 
Therefore, the load voltage in the synchronous dqo reference frame ( )  has to follow (19) to keep the 

load voltage be sinusoidal with constant amplitude even if the bus voltage is disturbed. 
 

         (19) 
Where the load voltage in the abcreference frame ( ) is 
 

        (20) 

The compensating reference voltage in the synchronous dqo reference frame is defined as 
 

                                                                                           (21) 
 
This means in (15) should be maintained at while all other unwanted components must be 

eliminated. The compensating reference voltage in (20) is then transformed back into the abc reference frame. 
By using a PWM voltage control technique, the output compensation voltage of the series VSC can be obtained. 
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D. PI controller: 
PI controller is the simplest method of control and widely used in industries. Proportional plus Integral 

Controller increases the speed of response. It produces very low steady state error. In this paper error between 
actual capacitor voltage and reference capacitor voltage is given as input to PI controller and output is taken into 
the system. General equation of the PI controller is  

( ) ( ) ( )i
p

KU s K E s E s
s

= +
          

(22) 

Where KP is proportional gain, Ki is the integral gain, E(s) is the controller input and U(s) is the controller 
output. Fig.6. Shows the block diagram of PI controller. 

 
Fig. 6: PI controller 

 
Ziegler Nichols’ method of tuning is adopted to find the optimum value of KP& Ki values.  It reduces steady 

state error and settling time. 
 
Power Rating Analysis Of The Mc-Upqc: 

The cost of the MC-UPQC mainly depends on the power rating.  To find the minimum power rating of each 
VSC in the MC UPQC structure, two models for UPQC quadrature compensation (UPQC-Q) and in phase 
compensation (UPQC-P) are analyzed and the best model which requires the minimum power rating is 
considered. In the UPQC-Q compensation scheme, the injected voltage by the series VSC maintains a 
quadrature advance relationship with the supply current so that no real power is consumed by the series VSC at 
steady state. This is a significant advantage when UPQC mitigates sag conditions. The series VSC also shares 
the volt ampere reactive (VAR) of the load along with the shunt-VSC, reducing the power rating of the shunt-
VSC. 

The comparison between in phase (UPQC-P) and quadrature (UPQC-Q) models is made for different sag 
conditions and load power factors in (Basu et al., 2007). If quadrature compensation in sub transmission line1 
and in phase compensation in sub transmission line 2 is selected, then the power rating of the shunt VSC and the 
series VSC (in sub transmission line 2) will be reduced. This is an important criterion for practical applications. 

Power rating of sub transmission line 1 and sub transmission line 2 are 
 

     (23) 
 

         (24) 
 
The current rating of the shunt VSC includes reactive component compensation in sub transmission line 1 

and sag or interruption compensation in sub transmission line 2. So Power rating of shunt VSC is  
 

     (25) 
 
The design of the all VSCs based on the above equations results reduced power and minimum cost of the 

system.  
 
Simulation Results And Discussion: 

The whole system is simulated and analyzed using MALAB7.7/Simulink. The sudden changes in load 
causes voltage sag or swell.  The MC-UPQC system parameters used in this study are given in Table.1. 
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Table 1: MC-UPQC Experimental and Simulation Parameters 
Source Parameters Value 
Sub Transmission Line  Voltage  110kV 
Primary Power Distribution Sub 
Station 

Voltage 110kV/11kV 

Secondary Power Distribution Sub 
Station 

Voltage 11kV/400V/230V 

 Frequency 50 Hz 
 
Shunt Active Power Filter 

Filter Resistor 1Ω 
Filter capacitor 10μF 
Line  inductor 0.15mH 

 
Series Active Power Filter 

Filter Resistor 1Ω 
Filter capacitor 100μF 
Line  inductor 0.1mH 

 
DC Link 

Voltage 11kV 
Capacitor 1000 μF 

 
The simulation model of MC-UPQC is shown in Fig.7. 
 

 
Fig. 7: Simulation model of MC-UPQC 

 
Fig. 8: The source voltage, uncompensated load voltage with sag, compensated load 1 voltageVl1and Load 2  
            voltage. 
Fig. 8a: Shows the source voltage. The sag in the load voltage is caused by a sudden rise in the load and it is  
               shown in Fig.8b. This is reduced by MC-UPQC and it is shown in Fig.8c. Fig.8d. shows the load 2  
              voltage Vl2.   
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Fig. 9: The source voltage, uncompensated load voltage with sag , compensated load 1 voltage in three phases 

Vl1and Load 2 voltageVl2  Fig. 9a: Shows the three phase source voltage. The sag in a load voltage 
caused by a sudden rise in three phase load simultaneously is shown in Fig. 9b: This is reduced by MC-
UPQC and it is shown in Fig. 9c: Fig. 9d: Shows the load 2 voltage Vl2.   

 

 
 
Fig. 10: The source voltages, uncompensated load 1 voltage with swell and Load 2 voltage. 
Fig. 10a: Shows the source voltage. The swell in a load voltage caused by a sudden drop in the load is shown 
Fig. 10.b: This is reduced by MC-UPQC and it is shown in Fig. 10.c: Fig. 10d: Shows the load 2 voltage Vl2.   
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Fig. 11: The source voltage, three phase uncompensated load voltage with swell and compensated load1  
              voltageVl1and Load 2 voltageVl2.  
Fig. 11a: Shows the three phase source voltage. The swell in a load voltage caused by a sudden drop in three 
phase load simultaneously is shown in Fig. 11b: This is reduced by MC-UPQC and it is shown in Fig. 11c: Fig. 
11d: shows the load 2 voltage Vl2.   

 
The series compensators of MC-UPQC compensates voltage oscillations during all voltage related problems 

such as voltage sag/swell, voltage harmonics etc. The effectiveness of MC-UPQC is evident from the above 
simulations. The THD of load voltage before compensation is observed at 27.19%. After compensation the THD 
in a load voltage observed is 3.45% which satisfies the standard of IEEE .Thus a significant improvement in the 
frequency spectrum and THD after compensation is clearly demonstrated by MC-UPQC.Fig.12. Shows the 
Total Harmonic Distortion in a load voltage compensated by MC-UPQC. 

 
Fig. 12: THD in compensated voltage 
 
Conclusion: 

The MC-UPQC is used in the secondary power distribution side of the electrical network. In the existing 
system the MC-UPQC are placed only in the individual feeder of secondarypower distribution side. In the 
proposed method a new approach is made by placing the MC-UPQC in sub transmission line of the electrical 
network with primary power distribution substations at the end. The primary power distribution substations are 
considered as load in the proposed system which is connected with many secondary power distribution 
substations. Several connected different feeders from the primary power distribution substation are benefited by 
this method.  In this paper MC-UPQC is proposed with a PI controller in the sub transmission lines because of 
its increased speed of response. The entire system is analyzed with and without MC-UPQC using 
MATLAB7.7/Simulink under various load conditions. The proposed system improves the quality of power in 
two buses with sub transmission lines by avoiding the voltage sag and swell. In addition to the above the Total 
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Harmonic Distortion is also minimized to 3.45% by using a PI controller based MC-UPQC which is within the 
level mentioned by IEEE standards. 
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