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Abstract—The most important feature of active rectifier 

circuits is the ability to adjust the power factor and DC bus 

voltage, when compared to diode rectifiers. However, odd 

current harmonics occur in the grid since hard switching state 

occurs in the active rectifier circuit. A filter should be used on the 

grid side to reduce the current harmonics. Although there are 

many types of filters, one of the most suitable filter types is LCL 

filter when considering the factors such as cost and size. In this 

study, LCL filter design calculation is performed and PSIM 

simulation results of active-reactive power controlled LCL filter 

proportional resonant (PR) current controlled single phase active 

rectifier circuit is given. The system is designed according to the 

active power of 600 W. Then, by adding reactive power to the 

system, it is proved that the power control is carried out 

successfully.  

 
 

Index Terms— LCL filter, Power control, PR current 

controller, Single phase active rectifier. 

 

I. INTRODUCTION 

HE SINGLE phase rectifier circuits are used in many 

industrial applications requiring DC bus voltage such as 

electrical railway transportation [1], [2], uninterruptible power 

supply [3], electrical vehicle charger [4], micro turbine 

generator units [5] and renewable energy applications as wind 

energy [6]. While the control of power factor and dc bus 

voltage is an important advantage in active rectifiers, the 

increase of switching losses and current harmonics occurring 

due to hard switching are the disadvantages of this system. A 

filter should be used on grid side in order to decrease the high 

order current harmonics. In the advance power electronics 

technology it is desirable to have small and light circuit sizes. 

One of the circuit elements that increases the size of the circuit 

is the filter. For this purpose, the filter used in the system 

should be effective, light and with small size. The LCL filter is 

one of the most suitable filter types considering the reduction 

of harmonics, cost and size [7-10]. 

In the case of single phase active rectifier circuits, it is 

necessary to perform current and power control so that the DC 

voltage can be adjusted and the power factor can be 
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controlled. Many control methods are used in current and 

power control [11], [12] such as model predictive [12], 

hysteresis [13], proportional integral (PI) [14], proportional 

resonant (PR) [15], repetitive [16], sliding mode [17], fuzzy 

neural [18]. PI and PR, which are among the linear control 

techniques, are the most widely used controllers. Although 

other control techniques show a good dynamic response, they 

create a time delay in the system [19].  

In order to ensure synchronization with the grid in active 

rectifier circuits, phase locked loop (PLL) is required. The 

PLL algorithm provides control of the grid frequency. Many 

PLL algorithms are used in active rectifier circuits. T/4 delay 

PLL is one of the easy algorithms for obtaining the phase 

angle in single phase applications [20].  

In this study, an analysis of the active-reactive power 

controlled LCL filter PR current controlled single phase active 

rectifier circuit was conducted and the simulation results were 

given. T/4 delay PLL was used as PLL algorithm. System was 

firstly tested without reactive power control and then reactive 

power was added and active and reactive power controlled 

simulation results were obtained.  

This paper is organized as follows: Section II presents the 

PLL structured used by calculating the LCL filter parameters. 

In section III, power control and PR current control technique 

used in the system are introduced. Section IV gives the 

simulation results. In the conclusion part, the simulation 

results are interpreted.  

II. DESIGN OF SINGLE PHASE ACTIVE RECTIFIER BASED LCL 

FILTER 

A. Determination of the LCL Filter Values 

The connection diagram of the designed LCL filter single 

phase active rectifier circuit is shown in Fig.1.  
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Fig.1. Single phase active rectifier based LCL filter 

 

Before determining LCL filter parameters, it is necessary to 

determine the parameters of the single phase active rectifier 

circuit. Table 1 presents the parameter values to be used in the 

system.  
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TABLE I 
PARAMETER VALUES REQUIRED FOR RECTIFIER CIRCUIT 

Parameters of Rectifier 

Parameter Value 

Grid Voltage (Vg) 220 V 

Output Power of Rectifier (Pn) 600 W 

DC Bus Voltage (VDC) 400 V 

Grid Frequency (f) 50 Hz 

Switching Frequency (fsw) 10 kHz 

 

The inductor (L1) value on the converter side is calculated 

by the following equations. 
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Where “a” is the current ripple ratio. Impedance and 

capacitor values of the circuit are calculated as follows:  

 

         

2
g

b
n

V
Z

P


             

(3) 

        

1

2 .
b

b

C
f Z



            

(4) 

 

 When determining the value of the filter capacitor, 5 % of 

the ideal Cb value is taken. However, a factor (k) greater than 

5 % can be preferred.  
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 There is a relationship between the grid and the inductors 

on the converter side when determining the inductor value (L2) 

on the grid side. This relationship is indicated by “r” 

coefficient and in the range of 0< r ≤1. Therefore, the L2 value 

is calculated by the following equation [21], [22]. 
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 By the equations, it was calculated that L1=3.24 mH, 

Cf=7.892 µF and L2=0.972 mH. Once the LCL filter 

parameters are determined, the resonance frequency can be 

calculated as follows:  
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 Moreover, the resonance frequency (fres) should be within 

the ranges shown in Equation (8) [22].  
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 A series resistor is connected to the capacitor in order to 

reduce the oscillations and prevent the filter from unstable 

state. This resistor is called as “damping resistor” and is 

calculated by the following equation.  
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B. PLL Structure 

The control of the grid frequency is performed by the PLL 

algorithm. In this study, T/4 delay PLL algorithm is used. T/4 

delay PLL algorithm needs α-β and d-q reference frames. In 

order to obtain the orthogonal imaginary signal (β 

component), α component must be shifted as π/2. Between 

them α component is in the real and the β component is in the 

imaginary axis. Equation (10) was used to transform the α-β 

into d-q axis frame with Park Transform in the T/4 delay PLL 

circuit [20]. Fig.2 shows the α-β transform and T/4 delay PLL 

structure. 
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Fig.2. The block diagram of α-β Transform and T/4 delay PLL structure  

III. POWER CONTROL AND PR CURRENT CONTROL 

TECHNIQUE 

The control block diagram of the system is shown in Fig.3.  
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Fig.3. The control block diagram of the single phase active rectifier 

  

 Active-reactive power (PQ theory) calculation was 

conducted by the following equations.  
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  The obtained power error values are passed through the PI 

controller and added to the ωt formula obtained by PLL 

algorithm and therefore the reference current is calculated. 

The reference current formula is found using the following 

equations: [12], [23].  
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 The obtained reference current is subtracted from the Ig (Iα) 

current value to obtain the error current. The error current is 

passed through the PR current controller to generate the 

switching signals.  

 PR controller is one of the control methods used in single or 

three phase systems connected to the grid. PI and PR are 

controllers that are similar to each other and have many 

common points. The PR controller is generally preferred to 

obtain a zero steady-state error in the control of grid-

connected systems. There are some problems in the 

implementation of the PR controller. In ideal PR controller, 

unlimited gain harmonics components increase. The formula 

for the non-ideal PR controller used to reduce the harmonic 

components is given in Equation (16).  
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 Where, ωn is the angular frequency of the grid and the Kp 

and Ki values are proportional and integral gain values, 

respectively. ωc is the cut-off frequency. Non-ideal PR 

controller has lower gain and band range [24-26].  

IV. SIMULATION RESULTS 

The simulation screen image of a single phase active rectifier 

circuit was given in Fig.4. In the circuit the parameters were 

determined as follows: Ro=266 Ω, damping resistor Rsd=5 Ω 

and DC capacitor value Cdc=470 µF. 

 

 
Fig.4. The simulation of the single phase active rectifier circuit 

 Grid voltage is detected by PLL algorithm and zero 

transition points are caught and the angular velocity values 

synchronized with the grid for each period are produced. The 

grid voltage and the angular velocity values produced as 

synchronized are shown in Fig.5.  

 

 
Fig.5. The production of angular speed values by PLL 

 

 When the active power of the system is P=400 W and the 

reactive power is Q=0 VAr, the current and the voltage wave 

forms of the circuit was shown in Fig.6.  

 

 
Fig.6. The initial current and voltage of the grid at 400 W active power 

 

 The current and voltage waveforms of the grid when the 

active power was increased from 400 W to 600 were given in 

Fig.7.  

 

 
Fig.7. The period of transition from 400 W to 600 W 

 

 When P=400-600 W and Q=0 VAr, DC voltage change on 

the load was shown in Fig.8.  

 

 
Fig.8. DC bus voltage changing 
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 When P=600 W and Q=0 VAr, the power factor value was 

found as 0.99 and shown in Fig.9.  

 

 
 Fig.9. Power factor value at P=600 W and Q=0 VAr power values 

 

 The power control of the system was tested by adding 

reactive power to the system. Current and the voltage wave 

forms at P=600 W and Q=400 VAr power values were given 

in Fig.10.  

 

 
Fig.10. Power factor value at P=600 W, Q=400 VAr power values 

 

 At P=600 W and Q=400 VAr power values, power factor 

was found as 0.83.  

 Current and the voltage wave forms of the grid at P=600 W 

and Q=-400 VAr power values were given in Fig.11. 

 

 
Fig.11. Power factor value at P=600 W, Q=-400 VAr power values 

 

 At P=600 W and Q=-400 VAr power values, power factor 

was found as 0.83.  

V. CONCLUSION 

In this study, the active-reactive power control of a LCL filter 

single phase active rectifier circuit was obtained by the 

simulation study. PI for power control, PR controller for 

current control and T/4 delay PLL algorithm for grid 

frequency control were used. Active power control was 

performed for P=600 W, Q = 0 VAr system power values and 

power factor value was found as 0.99. Then, reactive power 

was added to the system and P=600 W, Q=400 VAr and 

P=600 W, Q=-400 VAr power values were tested respectively 

and the power factor was found as 0.83. In this study, active-

reactive power control of a single phase active rectifier circuit 

with LCL filter was performed.   

REFERENCES 

[1] W. Song, S. Wang, C. Xiong, X. Ge, X. Feng, “Single-phase three-
level space vector pulse width modulation algorithm for grid-side 
railway traction converter and its relationship of carrier-based pulse 
width modulation”, IET Electrical Systems in Transportation, Vol.4, 
No.3, 2014, pp.78-87. 

[2] V. Blahnik, J. Talla, “Single-phase synchronization for traction active 
rectifier”, IEEE Conference on Applied Electronics, 2016, pp.23-26.  

[3] H. Komurcigil, N. Altin, S. Ozdemir, I. Sefa, “An extended Lyapunov-
Function-Based control strategy for single-phase UPS inverters”, IEEE 
Transactions on Power Electronics, Vol.30, No.7, 2015, pp.3976-3983.  

[4] L. Pan, C. Zhang, “Model predictive control of a single-phase PWM 
rectifier for electric vehicle charger”, Energy Procedia, Vol.105, 2017, 
pp.4027-4033.  

[5] D. A. Khaburi, A. Nazempour, “Design and simulation of a PWM 
rectifier connected to a PM generator of micro turbine unit”, Scientia 
Iranica, Vol.19, No.3, 2012, pp.820-828. 

[6] A. Mirecki, X. Roboam, F. Richardeau, “Architecture complexity and 
energy efficiency of a small wind turbines”, IEEE Transactions on 
Industrial Electronics, Vol.54, No.1, 2007, pp.660-670.  

[7] W. Jiang, Y. Wang, J. Wang, L. Wang, H. Huang, “Maximizing 
instantaneous active power capability for PWM rectifier under 
unbalanced grid voltage dips considering the limitation of phase 
current”, IEEE Transactions on Industrial Electronics, Vol.63, No.10, 
2016, pp.5998-6009.  

[8] M. Liserre, F. Blaabjerg, S. Hansen, “Design and control of an LCL-
filter-based three-phase active rectifier”, IEEE Transactions on Industry 
Applications, Vol.41, No.5, 2005, pp.1281-1291.  

[9] M. Orellana, R. Grino, “Power flow limitations for LCL grid-connected 
power converters”, IEEE 11th International Multi-Conference on 
Systems, Signals & Devices (SSD), 2014, pp.1-5. 

[10] L. Wei, R. A. Lukaszewski, “Optimization of the main inductor in a 
LCL filter for three phase active rectifier”, in Proc. Conf. Rec. IEEE 
Ind. Appl. Conf., 42nd IAS Annu. Meeting, 2007, pp.1816-1822. 

[11] S. Kwak, J. C. Park, “Model-predictive direct power control with 
vector preselection technique for highly efficient active rectifiers”, 
IEEE Transactions on Industrial Informatics, Vol.11, No.1, 2015, 
pp.44-52. 

[12] W. Song, Z. Deng, S. Wang, X. Feng, “A simple model predictive 
power control strategy for single-phase PWM converters with 
modulation function optimization”, IEEE Transactions on Power 
Electronics, Vol.31, No.7, 2016, pp.5279-5289. 

[13] L. Dalessandro, U. Drofenik, S. D. Round, J. W. Kolar, “A novel 
hysteresis current control for three-phase three-level PWM rectifiers”, 
IEEE Twentieth Annual Applied Power Electronics Conference and 
Exposition (APEC), Vol.1, 2005, pp.501-507. 

[14] M. Malinowski, M. Jasinski, M. P. Kazmierkowski, “Simple direct 
power control of three-phase PWM rectifier using space-vector 
modulation (DPC-SVM)”, IEEE Transactions on Industrial Electronics, 
Vol.51, No.2, 2004, pp.447-454. 

[15] D. N. Zmood, D. G. Holmes, “Stationary frame current regulation of 
PWM inverters with zero steady-state error”, IEEE Transactions on 
Power Electronics, Vol.18, No.3, 2003, pp.814-822. 

[16] X. Wang, Z. Pan, T. T. G. Hoang, L. Tian, Y. Chen, “New repetitive 
current controller for PWM rectifier”, IFAC-PapersOnLine, Vol.51, 
No.4, 2018, pp.154-159. 

[17] H. Özbay, S. Öncü, M. Kesler “SMC-DPC based active and reactive 
power control of grid-tied three phase inverter for PV systems”, 
International Journal of Hydrogen Energy, Vol.42, No.28, 2017, 
pp.17713-17722.  

[18] R. Coteli, H. Acikgoz, F. Ucar, B. Dandil, “Design and implementation 
of type-2 fuzzy neural system controller for PWM rectifiers”, 
International Journal of Hydrogen Energy, Vol.42, No.32, 2017, 
pp.20759-20771. 

[19] M. L. Sowjanya, “Improved control strategy of grid interactive inverter 
system with LCL filter using active and passive damping methods”, M. 
Sc. Thesis, Department of Electrical Engineering National Institute of 
Technology, Rourkela, India, 2014. 

[20] Y. Yang, F. Blaabjerg, “Synchronization in single-phase grid-
connected photovoltaic systems under grid faults”, IEEE 3rd 

335

http://dergipark.gov.tr/bajece


BALKAN JOURNAL OF ELECTRICAL & COMPUTER ENGINEERING,     Vol. 7, No. 3, July 2019                                                

 

Copyright © BAJECE                                                                ISSN: 2147-284X                                                     http://dergipark.gov.tr/bajece        

International Symposium on Power Electronics for Distributed 
Generation Systems (PEDG), 2012, pp.476-482.   

[21] J. F. Ardashir, M. Sabahi, S. H. Hosseini, F. Blaabjerg, E. Babaei, G. B. 
Gharehpetian, “A single-phase transformerless inverter with charge 
pump circuit concept for grid-tied PV applications”, IEEE Transactions 
on Industrial Electronics, Vol.64, No.7, 2017, pp.5403-5415. 

[22] A. Reznik, M. G. Simoes, A. Al-Durra, S. M. Muyeen, “LCL filter 
design and performance analysis for grid-interconnected systems”, 
IEEE Transactions on Industry Applications, Vol.50, No.2, 2014, 
pp.1225-1232. 

[23] M. C. Kisacikoglu, M. Kesler, L. M. Tolbert, “Single-phase on-board 
bidirectional PEV charger for V2G reactive power operation”, IEEE 
Transactions on Smart Grid, Vol.6, No.2, 2015, pp.767-775. 

[24] H. Athari, M. Niroomand, M. Ataei, “Review and classification of 
control systems in grid-tied inverters”, Renewable and Sustainable 
Energy Reviews, Vol.72, 2017, pp.1167-1176. 

[25] D. Zammit, C. S. Staines, M. Apap, J. Licari, “Design of PR current 
control with selective harmonic compensators using Matlab”, Journal 
of Electrical Systems and Information Technology, Vol.4, No.3, 2017, 
pp.347-358. 

[26] H. Komurcigil, N. Altin, S. Ozdemir, I. Sefa, “Lyapunov-function and 
proportional-resonant-based control strategy for single-phase grid-
connected VSI with LCL filter”, IEEE Transactions on Industrial 
Electronics, Vol.63, No.5, pp.2838-2849. 

 

BIOGRAPHIES 

 

AKİF KARAFİL was born in Bursa, 

Turkey, in 1983. He received the B.S. 

degree in Electrical Education from 

Marmara University, İstanbul, Turkey, in 

2007, the M.S. degree in Electrical and 

Electronics Engineering from Karadeniz 

Technical University, Trabzon, Turkey, in 

2011 and the Ph.D. degree in Electrical 

and Electronics Engineering from Karabük University, 

Karabük, Turkey, in 2018. 

    He is currently working at Bilecik Seyh Edebali University 

Vocational High School. His research interests include pulse 

density modulation control, resonant converter, soft switching, 

MPPT, single phase grid connected inverter and PV system 

applications.  

   

    

HARUN ÖZBAY was born in Bursa, 

Turkey, in 1984. He received the B.S. 

degree in Electrical Education from Gazi 

University, Ankara, Turkey, in 2008, the 

M.S. degree in Electrical Education from 

Gazi University, Ankara, Turkey, in 2011 

and the Ph.D. degree in Electrical and 

Electronics Engineering from Karabük 

University, Karabük, Turkey, in 2017. 

    He is currently working at Bandirma Onyedi Eylül 

University Engineering Faculty. His research interests include 

power electronics, electric machines, MPPT, grid connected 

inverter and PV system applications, electric vehicle and 

battery charger.  
 

336

http://dergipark.gov.tr/bajece

