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STUDY OF THREE-PHASE ACTIVE POWER FILTER 

OPERATION USING NON-SINUSOIDAL VOLTAGE 

Ɋ.ȼ. ȼласɟɧɤо, Ɉ.ȼ. Ȼɹлоɛɪɠɟсьɤɢɣ. Ⱦɨɫɥіɞɠеɧɧɹ рɨɛɨɬи ɬриɮɚɡɧɨɝɨ ɫиɥɨвɨɝɨ ɚɤɬивɧɨɝɨ ɮіɥьɬрɚ ɩри ɧеɫиɧɭɫɨʀɞɚɥьɧіɣ       

ɧɚɩрɭɡі ɠивɥеɧɧɹ. ɋиɥоɜиɣ аɤɬиɜɧиɣ ɮіɥьɬɪ ɩɪиɡɧаɱɟɧиɣ ɞɥɹ ɤоɦɩɟɧɫаɰіʀ ɧɟаɤɬиɜɧиɯ ɫɤɥаɞоɜиɯ ɩоɬɭɠɧоɫɬі. Мɟɬа: Мɟɬоɸ ɞоɫɥіɞɠɟɧɧɹ 
є оɰіɧɤа ɹɤоɫɬі ɪоɛоɬи ɬɪиɮаɡɧоɝо ɫиɥоɜоɝо аɤɬиɜɧоɝо ɮіɥьɬɪа ɩɪи ɫɩоɬɜоɪɟɧɧі ɧаɩɪɭɝи ɜ ɟɥɟɤɬɪиɱɧіɣ ɦɟɪɟɠі ɠиɜɥɟɧɧɹ, ɜиɤɥиɤаɧоɦɭ 
ɜɩɥиɜоɦ ɧɟɥіɧіɣɧиɯ ɧаɜаɧɬаɠɟɧь, ɡ ɩоɞаɥьɲиɦ ɩоɪіɜɧɹɧɧɹɦ ɞɜоɯ аɥɝоɪиɬɦіɜ аɤɬиɜɧоʀ ɮіɥьɬɪаɰіʀ ⎯ ɬɟоɪіʀ ɩоɬɭɠɧоɫɬі Ɏɪіɡɟ і p-q ɬɟоɪіʀ 
ɦиɬɬєɜоʀ ɩоɬɭɠɧоɫɬі. Маɬɟріаɥɢ і ɦɟɬоɞɢ: Ɋоɡɝɥɹɧɭɬо ɬɪиɮаɡɧиɣ ɫиɥоɜиɣ аɤɬиɜɧиɣ ɮіɥьɬɪ, ɩіɞɤɥɸɱɟɧиɣ ɩаɪаɥɟɥьɧо ɞо ɟɥɟɤɬɪиɱɧоʀ 
ɦɟɪɟɠі ɱɟɪɟɡ іɧɞɭɤɬиɜɧіɫɬь. Ⱦɥɹ ɞоɫɥіɞɠɟɧɧɹ ɪɟɠиɦіɜ ɪоɛоɬи ɮіɥьɬɪа ɩɪи ɧɟɥіɧіɣɧоɦɭ ɧаɜаɧɬаɠɟɧɧі ɡ ɧɟɫиɧɭɫоʀɞаɥьɧоɸ ɧаɩɪɭɝоɸ ɠиɜ-
ɥɟɧɧɹ ɭ ɩɪоɝɪаɦɧоɦɭ ɫɟɪɟɞоɜищі Matlab/Simulink ɪɟаɥіɡоɜаɧо ɦоɞɟɥь ɟɥɟɤɬɪоɟɧɟɪɝɟɬиɱɧоʀ ɫиɫɬɟɦи. В ɹɤоɫɬі аɥɝоɪиɬɦɭ ɜиɡɧаɱɟɧɧɹ ɧɟаɤ-
ɬиɜɧиɯ ɫɤɥаɞоɜиɯ ɩоɬɭɠɧоɫɬі ɪоɡɝɥɹɧɭɬо ɬɟоɪіɸ Ɏɪіɡɟ і p-q ɬɟоɪіɸ. Рɟɡɭɥьɬаɬɢ: Оɬɪиɦаɧо ɱаɫоɜі ɞіаɝɪаɦи ɫɬɪɭɦɭ ɦɟɪɟɠі ɩіɫɥɹ ɤоɦɩɟɧ-

ɫаɰіʀ ɩɪи ɡаɫɬоɫɭɜаɧɧі ɬɟоɪіʀ Ɏɪіɡɟ і p-q ɬɟоɪіʀ. ɉоɛɭɞоɜаɧо ɝɪаɮіɤи ɟɮɟɤɬиɜɧоɫɬі ɤоɦɩɟɧɫаɰіʀ ɪɟаɤɬиɜɧоʀ ɩоɬɭɠɧоɫɬі, ɩаɞіɧɧɹ ɤоɟɮіɰієɧɬа 
ɫɩоɬɜоɪɟɧɧɹ ɫɬɪɭɦɭ ɦɟɪɟɠі і ɩоɯиɛɤи аɤɬиɜɧоʀ ɩоɬɭɠɧоɫɬі ɩɪи ɡɦіɧі ɤɭɬа ɤɟɪɭɜаɧɧɹ ɬиɪиɫɬоɪɧиɦ ɩɟɪɟɬɜоɪɸɜаɱɟɦ. 
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R.V. Vlasenko, O.V. Bialobrzeski. Study of three-phase active power filter operation using non-sinusoidal voltage. The active 

power filter designed to compensate inactive power components. Aim: The aim of the study is to assess the quality of the three-phase active 

power filter in the distortion of the mains voltage supply, which is caused by the influence of non-linear loads, and then comparing the two 

active filtering algorithms ⎯ the Fryze power theory and p-q theory of instant power. Materials and Methods: Reviewed a three-phase 

active power filter connected in parallel to the mains via inductance. To study the modes of filter with non-linear loads with non-sinusoidal 

voltage programmed in Matlab/Simulink the model of electricity system is implemented. As the algorithm of implementation for determining 

of inactive components of power the Fryze theory and p-q theory were considered. Results: Obtained a time diagrams of network current 

after compensation when applying the theory of Fryze and p-q theory. Built the graphs of efficiency of reactive power compensation, fall of 

coefficient of network current distortion and errors of active power under the changing of firing angle of thyristor converter. 

Keywords: active power filter, Fryze power theory, p-q theory. 

 

Introduction. Today semiconductor devices are used widely in industrial electrical networks for 

different purposes. They are used in thyristor rectifiers, in uninterruptible power supplies, computers, 

electronic devices and others. The use of power electronics devices makes it possible to develop new 

cost-effective and reliable solutions in the management and control of electricity at power plants. 

However, considering features of the majority of power electronics schemes, semiconductor    

devices are inherent the nonlinear dynamic characteristics that lead to a distortion of current and     

voltage at the point of universal adherence of industrial loads. Therefore, we can say that semiconduc-

tor devices have become the major polluters for modern power systems [1]. Thus, the study of the  

Canadian Electrical Association show that the problems with the quality of electricity supply in    

Canada, including failures of voltage, transient processes, higher harmonics at approximate estimates 

lead to losses in production of 1.2 billion US dollars per year [2]. Nowadays the company is investing 

more in high-tech and innovative devices to improve power quality [2]. The condenser batteries which 

are mainly used in industrial plants for reactive power compensation calculated for constant loading. 

With each drop of loading the capacitor banks require recalculation of reactive power balance, in addi-

tion condenser installations are very sensitive to higher harmonics. To overcome this situation        

Davydov O. [3] proposes to apply the active power filter (APF). Search of system solutions to reduce 

the impact of higher harmonics usually begins with some research on industrial sites. 
The aim of the study is to assess the quality of the three-phase active power filter when distortion 

of the mains voltage supply, which is caused by the influence of non-linear loads, and then comparing 
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the two active filtering algorithms ⎯ the Fryze power theory and p-q theory of instant power. 

Materials and Methods. Consider three-phase APF, connected in parallel to the electricity net-

work via inductance. This filter is designed to reduce the higher harmonic of current and reactive  

power compensation caused by nonlinear loads. 

Structurally APF consists of the following elements (Fig. 1): 

⎯ Power supply; 

⎯ Current generation block; 

⎯ Pulse shaping block; 

⎯ Voltage and current sensors. 

Three phases network 

Power Supply 

Nonlinear load 

Current 

generation 

block 

Pulse  

shaping  

block 

 

Fig. 1. Functional diagram of a three-phase APF 

The power supply includes three-phase transistor transformer, three-phase inductor L1...L3 and 

storage capacitor C. Three-phase transistor converter includes an IGBT transistors VT1...VT6. Group 

of inductances L1...L3 provides the formation of a given current, increasing the voltage on the capaci-

tor. Through the inductances the process of charge and discharge the capacitor C is formed together. 

Separately consider an operation of definition blocks of given network current and forming the 

control APF pulses. 

In Current generation block the current calculated from the measured voltage and a current of 

loading. There are several power theories exist today to determine the APF current for active filtering, 

which will be discussed below [4]. 

Further management of transistor converter is due to control impulses which generated by Pulse 

shaping block of APF under the current set. 

APF management can be divided into three stages. In the first stage, voltage signals and a current 

of loading are fixed by using the current transformers or sensors based on the Hall effect. In the second 

stage, in the block of definition of APF given current the currents for compensation of inactive     

components of power generated. In the third stage, the pulses for transistors key management are   

generated, which are created by means of pulse modulation methods. APF management is carried out 
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by discrete, analog and digital devices or additional microelectronic devices such as separate micro-

computer DSP chip (digital signal processor) [5]. 

Capacitor C in the DC link is used as the source of voltage, and inductance for limitation of the 

rate of rise of current. The principle of filtering is that APF leads in the current into the network by 

generating output voltage of the converter. This current flow is achieved when switching transistors. 

Voltage of the condenser must be maintained in a certain specified range of values achieved by power 

flowing through the converter. 

For the APF correct work we must accurately and quickly determine the specified APF           

current [6] that to be added to the load current for reactive power compensation and reduction of  

higher harmonics. The actual filtering effect depends on the performance of APF and the properties of 

the loading, which is subject to compensation. 

To realize the control algorithm in the block of definition of APF given current authors applied 

the Fryze power theory and p-q theory of instant power. The chosen theories of power are widely used 

in the studies of APF operation [6]. 

The key management method of impulse control ⎯ adaptive current control relay with defined 

upper and lower limits of the zone hysteresis ⎯ which proposed in [7], is implemented in Pulse    

shaping block. The advantage of this method is that it is universalize for different types of load, and 

thanks to adaptive regulation reduces the content of higher harmonic of current in the power supply. 

To study the modes of operation of three-phase APF programmed in Matlab / Simulink the model 

of electricity system (Fig. 2) [7] realized, which includes the following structural elements: electricity 

network (Three-Phase Source) with equivalent inductive and active resistance; “non-linear load” con-

nected to the mains through the reactor (Reactor 2) which is represented by thyristor converter     

(Thyristor Converter) with active-inductive load (RL-load); three-phase transistor converter (Transis-

tor converter); Current generation block and Pulse shaping block. 

 

Fig. 2. The model of the three-phase APF power system 

Parameters of structural elements of the scheme following. Nonlinear load represented by the   

induction furnace has active power at the main harmonic P=30 kW and reactive power Q=66 kVAr; 

thyristor (Thyristor converter) with active-inductive load (RL-load) Rld=2 Ohm and Lld=0.0116 H   

corresponds to calculation of induction furnace (active) power. Electricity is provided from the power 

grid (Three-Phase source) with a rated voltage of Us=380 V and frequency 50 Hz. Equivalent active 

and reactive resistances of power grid are calculated based on 7 % allowable voltage losses on them 

and are respectively Rs=0.1 Ohm and Ls=1.3⋅10–5 H. Electrical parameters of the APF determined by 

the method proposed Zakis and Rankis [8]: frequency of transistors switching ⎯ fc=15 kHz, the     
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inductance of the APF reactor ⎯ Lr=0.0054 H, capacitance ⎯ C1=C2= 40 mlF, the voltage drop on 

the capacitors ⎯ Udc1=Udc2=1 kV. 

The APF given current ⎯ *
_c ai , *

_c bi , *
_c ci  (Fig. 2) is formed in Current generation block. 

The research phase of APF operating modes in the nonlinear load with non-sinusoidal voltage 

network was carrying out. As a source of voltage in each phase was introduced the third harmonic of 

voltage with amplitude U3=38 V. 

During the study we have received current network diagram iS after compensation at changing 

time t firing angle of thyristor converter in the range of 15...45° (t = 0,1 sec) applying the Fryze theory 

(Fig. 3, a) and p-q theory (Fig. 3, b). 
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Fig. 3. Oscillograms of network current after compensation: Fryze theory (a); p-q theory (b) 

As shown in the obtained diagrams when APF is working on Fryze theory the network current 

has non-sinusoidal shape (Fig. 3, a), while at work using p-q theory network current has sinusoidal 

shape (Fig. 3, b). 

For quantitative assessment of APF the parameters chosen: 

⎯ effectiveness of reactive power compensation: 

 İ 100%ld s
Q

ld

Q Q

Q

−
= ⋅ ,  

where Qs ⎯ reactive power of network,  

 Qld ⎯ reactive power of load; 

⎯ reduce rates of distortion of network current 

 
_ _

_

İ 100%
I ld I s

THDi
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THD THD

THD

−
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where THDI_s ⎯ distortion coefficient of network current,  

 THDI_ld ⎯ distortion coefficient of load current; 

⎯ relative error for active power: 

 100%ld s

ld

P P
P

P

−
Δ = ⋅ ,  

where Ps ⎯ active power of network;  

 Pld ⎯ active power of load. 

Results. As the result of experiments, the dependency graphs of these parameters from firing an-

gle of thyristor converter were obtained: 

⎯ effectiveness of reactive power compensation İQ (Fig. 4); 

⎯ coefficient of decrease of distortion current network İTHD (Fig. 5); 

⎯ relative error for active power ΔP (Fig. 6). 

Each dependency individually designed in the application of Fryze theory and p-q theory. 
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Fig. 4. Dependence of efficiency of reactive power compensation on firing angle of thyristor converter α =0...75° 
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Fig. 5. Dependence of coefficient of decrease of distortion current network on firing angle of thyristor converter 

α =0...75° 
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Fig. 6. Dependence of relative error for active power on firing angle of thyristor converter α =0...75° 

From the analysis of Fig. 4...6 we conclude the following. At the firing angles of thyristor con-

verter 0 < α ≤ 45°, which correspond to the current APF regime, efficiency of reactive power compen-

sation exceeds 99 % as at Fryze theory as using p-q theory. In this case, the decrease of coefficient of 

network current distortion exceeds 90 % for p-q theory, whereas for the Fryze theory it is less than 

48 %. The relative error for active power at firing angle of thyristor converter 0 < α ≤ 45° for the 

Fryze theory is zero, and for p-q theory is less than 1 %. 

Indexes are generalized and put into the table. 



ISSN 2076-2429 (print) 
Odes’kyi Politechnichnyi Universytet. Pratsi, Issue 1(48), 2016 

ISSN 2223-3814 (online) 
 

 

  
ENERGETICS. HEAT ENGINEERING. ELECTRICAL ENGINEERING 

63

Table 

Numerical results 

Variant 
α ≤ 45° α > 45° 

İQ, % İTHDi, % ∆P, % İQ, % İTHDi, % ∆P, % 

Fryze 99 <48 0 99.9...100 54...30 1.5...5.5 

PQ 99 >90 <1 99.9...100 72...39 4...9 

 

Conclusions. By increasing the level of harmonics and reactive power higher than estimated  

value, the figures of quantitative assessment of APF at the application of the algorithm for determining 

a given APF current based on the Fryze theory and p-q theory reduce. 

This leads to overcompensation of reactive power, increasing of coefficient of current network 

harmonic and increasing of errors quantity for the active power. 

Applying the algorithm of definition given APF current based on the theory of power Fryze with 

non-sinusoidal network voltage reduces the efficiency of the filter-compensating device because this 

theory ignores the power voltage distortion and decreasing of coefficient of the distortion of network 

current and, consequently, İTHDi<54 %. 

In applying p-q theory of instantaneous power as an algorithm for determining the given APF 

current at firing angle of thyristor converter α≤45° decline coefficient of distortion of network current 

is on average 93 %, which is quite high. I.e., p-q theory takes into account the possible presence of 

non-sinusoidal voltage. 
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