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Abstract—In this paper, a T-Type grid-connected inverter 

with harmonic current compensation capability is proposed 

and studied for the on-grid photovoltaic (PV)  systems. This 

idea is based on the modification of the existing photovoltaic 

inverter control algorithm with the adaptation of active 

power filter control algorithm. The grid-connected PV 

inverter has similar topology and control methods as that of 

the active power filter systems. However, such 

multifunctional inverters have not yet matured for 

commercial use and call for more research. In this work, a 

conventional phase locked-loop algorithm is used to 

determine the angular position of the synchronous 

reference of the grid voltages. PV power is estimated and 

fed into the control loop. Then, the measured currents at the 

load terminals are proceeded to obtain harmonic current 

components. The obtained control signals are used to drive 

the grid-connected T-Type inverter.  

Keywords—Multifunctional Inverters, T-Type NPC 

inverter, Active Power Filter future.  

I.  INTRODUCTION  

It is well known that power quality has become a major issue 

in the power industry due to the integration of power electronics 

equipment into the utility. Nonlinear products may cause 

current and voltage distortion. As well known that, if the 

harmonic distortion is sufficiently large, various electrical 

failures may occur, such as transformer overheating, power 

capacitors failure, neutral current anomalies, and a low power 

factor, which may occur in supplier and consumer electrical 

system [1]. To overcome these issues, various custom power 

devices such as active power filter (APF) topologies along with 

control methods have been investigated by the researchers and 

these solutions have been placed on the industrial market as a 

reachable product. Although the APFs are adopted in the 

airports, hospitals, industries, etc., they are not a preferred 

solution for the low power consumers due to high cost. In 

addition, due to the cost of such systems the commercial use of 

custom power devices is highly limited.  

On the other hand, the use of grid-connected PV systems is 

increased significantly over the last decades.  In general, The 

grid-connected PV inverter has similar topology and control 

methods as that of the active power filter systems. Therefore, 

the idea of operating a PV inverter with an additional function 

as a custom power device has been proposed recently and this 

inverter is called a multifunctional inverter. This idea was first 

presented in [2] for power factor improvement.  In [3], a method 

is proposed to support reactive power from PV groups to the 

single-phase system. The PV-APF combination of three-phase 

three-wire system is studied in [4]. Initially, these combinations 

are verified by using classical two-level inverters. With the 

increasing attention to multilevel inverters, several multilevel 

configurations have been proposed over the last twenty years. 

The most popular are the flying capacitor [5], diode-clamped 

neutral-point clamped converter (NPC) [6], cascaded H-bridge 

[7], PUC Converters [8] and T-Type structures [9].  Each of 

these structures has its own advantages and disadvantages. One 

aspect which sets the T-Type inverter structure apart from other 

multilevel inverters is that they do not require clamping diodes. 

The T-type inverter is a new multilevel inverter topology, has 

been applied for many applications such as induction machine 

drives [10] and grid-connected inverters [9].  

 

In this work, a T-type grid-connected inverter with 

additional function is studied for PV applications to reduce the 

effects of produced harmonic current distortions by the 

consumer's nonlinear products.  

II. THE T-TYPE THREE-PHASE TOPOLOGY 

In the T-type inverter topology, there are two different forms 

of bidirectional switch configuration. The bidirectional 

switches can be connected either in common-collector 

configuration or in the common-emitter configuration. In this 

study, the common-emitter configuration is used as illustrated 

in Fig. 1, For the implementation of the T-type converter, the 

upper and the lower-side switches S1a and S4a, S1b and S4b, S1c 

and S4c have selected at the higher voltage level from the dc link 

voltage since the dc link voltage has to be blocked by those 

switches. However, the bidirectional switches at the midpoint 
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of the split dc sources must block only half of the dc link 

voltage. Therefore, lower voltage rated swathes can be used. 

The reduced blocking voltage at the bidirectional switches 

causes to reduce the switching losses although there are two 

switches connected in series. This is the most important 

difference in the T-type configuration from the three-level NPC 

topology. Simply, in the NPC configuration, the series-

connected switches must block the whole dc-link voltage.  The 

efficiency analysis of T-type, NPC and conventional 2-level 

inverter is reported by Johann W. Kolar in [11]. The power 

electronics researchers have developed the NPC inverters for 

the medium voltage applications. This is the main reason to 

connect switches series to increase the voltage blocking 

capacity of the converter because IGBT technology is limited 

with 1600/1700 V blocking voltage. Although the NPC 

topology has many advantages, increasing blocking voltage by 

series-connected of IGBTs is not necessary for the low voltage 

application. Therefore, the T-type topology is the better choice 

for low-voltage applications based on bipolar devices.  

 
(a) 

 
(b) 

Fig. 1. Studied T-type converter (a) grid interface (b) topology 

III. COMBINED CONTROLLER  

The block diagram of the studied control method is shown 

in Fig. 2. The harvested power from the photovoltaic groups is 

assumed to feed the dc-link capacitor of the T-type inverter by 

using an appropriate MPPT algorithm. The operation of the 

MPPT and DC-DC converter is not discussed in this study. In 

order to split evenly the harvested power in each line (phase), 

the solar power ���  is divided equally into 3 amounts. 

Therefore, the injected current equations in terms of the peak 

value can be written as 
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(1) 

The grid frequency is determined by using a phase-locked loop 

(PLL) algorithm to obtain the angular position. Then, the 

obtained current waveforms in (1) are converted into the dq-

frame as  
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(2) 

Since our aim is the blocking of current harmonic injection to 

the grid, the measured load currents (�(�	
�, �(�	
�, �(�	
�), are 

first converted into the synchronous rotating dq frame as shown 

below  *�( 	
��(!	
�+
� #23 $ cos � sin �� � 2�3 � cos �� � 2�3 �

� sin � � sin �� � 2�3 � � sin �� � 2�3 �' . ,�(�	
��(�	
��(�	
�- 

 

 

 

(3) 

In the case of non-linear load use, the load currents may consist 

of harmonic currents. In this work, the fundamental components 

of the load currents (�( 	
�, �(!	
�) are obtained by using the 

Self-tuning Filter.  �( 	.� � /� 0�( 	.� � �( 	.�1 � 2� �(!	.��(!	.� � /� 0�(!	.� � �(!	.�1 � 2� �( 	.�   
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Then, the harmonic components of load currents are obtained as 

a subtraction of the current value and measured load current as 

below  3̃( 	
� � �( 	
� � �( 	
� 3(̃!	
� � �(!	
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 (5) 

Hence, the addition of (2) with (5) is given to required reference 

converter current which achieves the current harmonic 

suppression and also supports harvested PV power as follows ��  ∗ 	
� � ���_ 	
� � 3̃( 	
� ��! ∗ 	
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� � 3̃(!	
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(6) 

The converter references in (6) are then converted into the 

three-phase abc-reference waveforms using the following 

inverse synchronous transform  
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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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