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Fig. 2. The studied combined controller for the T-Type Three-Phase Inverter 

 

Finally, the converter current errors, ∆�� , can be obtained by 

subtracting the measured converter currents, ��, from their 

reference,  �� ∗ , as follows ∆��/	
� � ��/ ∗ 	
� � ��/	
�    k=a,b,c.  

(8) 

The inverter current error of each phase is used to drive the T-

type Three-Phase Inverter switches. 

To observe the performance of the studied method, 

Matlab/Simulink simulations have been carried out which are 

presented and discussed in the following section. 

IV. SIMULATION RESULTS 

The studied system is simulated in MATLAB/Simulink 

environment to verify the performance of the proposed 

techniques. In this model, the three-phase line-to-line source 

voltage is assumed to be 400 V. A resistive load is used as a 

linear load and a full bridge rectifier supplied RL load is used 

as a nonlinear load. The system and control parameters used in 

this study are given in Table I.  

TABLE I 

PARAMETERS OF THE SIMULATED SYSTEM 

Symbol Quantity Value 

vS ,  f  Phase to Neutral Volt. & Freq. 230 V, 50 Hz D�  Converter Filter Impedance 1.95mH 

ZL  Load Impedance 1 mΩ 0.3 mH  

Load 1 Linear Load Resistance 3x20 Ω  

(Y-connected) 

Load 2 Non-Linear Load Res. and Ind. 30 Ω, 30mH � �  dc- Link voltage 750 V E STF Gain 40 

In order to see the behavior of the analyzed system load 

groups,   the simulation is run up to 0.25 sec while the inverter 

is off and results are presented in Fig. 3. The total harmonic 

distortion (THD) of the non-linear load current is computed as 

28.66 %. The loads are turned off from 0 to 0.05 sec since there 

is no power production by the PV panels in this case (See 

Fig.3(b)). After 0.05 sec, the resistive load (linear-load) is 

turned ON and current at the load bus is increased to 11.48 A 

without harmonic pollution.  After 0.1 seconds the linear load 

is turned off and non-linear load is turned on up to 0.2 seconds. 

During this period, the harmonic pollution is increasing to 28.66 

% at the load bus while the load current is 13.88 A. After the 

period 0.2 seconds all loads turned off.  

 
(a) 

 
(b) 

 
(c) 

Fig. 3. Simulated response of the proposed system during inverter off: (a) 

Load currents, (b) Inverter currents (c) Grid currents 

As shown in Fig. 4 the system is operated with on-grid 

inverter but without harmonic compensation, capability as 

commonly used in the PV market. Under this condition, once 

more the system is simulated up to 0.25 sec. As can be seen in 

Fig. 4 (a), the loads are off between 0 to 0.05 sec. During this 

period, the power at the dc link of the inverter is injected into the 

grid as can be seen in Fig. 4 (b) between 0-0.05sec. The current 

in phase-a, phase-b and phase-c are measured as 46 A with 0.88 

% harmonic distortion.  After the period from 0.05 to 0.1 
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seconds where the resistive load is energized a certain amount 

of injected power by the inverter is fed the load and the rest of 

the power is directed to the grid.  

 
(a) 

 
(b) 

 
(c) 

Fig. 4. Simulated response of the proposed system during inverter on but 

without harmonic compensation capability: (a) Load currents, (b) Inverter 

currents (c) Grid currents. 

 
(a) 

 
(b) 

 
(c) 

Fig. 5. Simulated response of the proposed system during inverter ON  with 

harmonic compensation capability: (a) Load currents, (b) Inverter currents (c) 

Grid currents. 

In this case, the THD on the grid side is measured as 1.12 and 

the line currents are 34.48 A at the grid side. After turning off 

the linear load and turning on the non-linear load the grid current 

is measured as 32.27 A with 12.11% harmonic pollution. It is 

clear that the harmonic pollution caused by the load side is 

reflected on the grid side. After the adaptation of the proposed 

controller into the T-type inverter controller, the distortion at the 

grid side is reduced up to 1.36 % (See Fig. 5(c). Fig. 5 (b) clearly 

shows that the grid-connected PV inverter is behaved as an 

active power filter during pushing the converted power by the 

inverter.   

V. CONCLUSIONS 

In this study, a two-leg three-phase T-type inverter topology 

is investigated for active power filter applications. A self-tuning 

filter technique is used to generate reference load current. 

Moreover, the capacitor voltage balancing strategy is proposed. 

In order to reduce the switching frequency, the three-level 

hysteresis band controller is proposed. The performance of the 

studied system is investigated by simulation study during 

steady-state and varying load conditions. The presented results 

show that the harmonic distortions are eliminated successfully 

with the proposed topology and control method.  
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